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The Radiometer and its Lessons

HAVING been prevented from attending the recent meeting of
the British Association by the necessity of devoting my entire
vacation to mental and bodily renovation after the sad family
Josses I had sustained, I have only become aware within the last
few days that my article in the April number of the Nineteenth Cen-
tury, entitled *‘The Radiometer and its Lessons,” had been
there spoken of by Prof. G. Carey Foster, in his address as Presi-
dent of Section A, as showing an ‘‘unmistakable tendency,
either intentionally or unintentionally, to depreciate Mr. Crookes’s
merits, and to make it appear that he had put a wrong interpre-
tation upon his own results,” which statement is said by your
reporter to have *“ elicited great applause.”

Of Mr, Crookes’s own reply in the July number of the same
periodical, entitled *“More Lessons from the Radiometer,” 1
took no notice ; partly because my mind was at the time fully
occupied by sad cares and urgent duties, and partly because
I thought that his assertions (1) that he had not theorised on the
subject at all, (2) that he had not attributed the rotation of the
radiometer to the direct impetus of light, and (3) that he had
never claimed the discovery of a new force or a new mode of
force, were so well known in the scientific world to be incon-
sistent with fact, that I need not trouble myself to refute them.

Prof. Carey Foster, however, speaking with authority as Pre-
sident of the Physical section of the British Association, has
given it as his judicial opinion that what I have written on this
subject shows an unmistakable tendency to depreciate Mr.
Crookes's merlts, and to misrepresent his opinions ; and he has
further *‘unmistakably ” suggested (as it appears to me) that
this 724y have been done with deliberate intention, instead of
being done in good faith under the influence of an unintentional
bias. As it is impossible for me to allow such an imputation
from such a quarter to pass unnoticed, I might fairly challenge
Prof. Carey Foster to justify language which I must presume him
to have used with all due consideration of its obvious meaning,
and of Ais and my relative positions. But as he explicitly dis-
avows the more serious part of this imputation, I have now only
to ask to be allowed to show, in the columns of the journal
which has not only recorded the accusation, but has pointedly
directed attention to it,—/irst, that I have not, even unintention-
ally, “‘depreciated Mr, Crookes’s merits ” as the inventor of the
Radiometer ; and secondly, that Mr. Crookes really did in the
first instance put that ‘“wrong interpretation upon his own
results ” which I attributed to him. Had Prof. Carey Foster
complied with the request I privately made him, that he should
specify the passages which (in his opinion) justify his charge, I
should have been able to reply to it much more briefly. But by
declining thus to particularise, he obliges me to traverse the
whole ground covered by his general accusation,

That I was not influenced, when writing on the Radiometer,
by any animus arising from my personal antagonism to Mr.
Crookes on another subject, will appear, I think, from the
following extracts from the two lectures which I delivered at the
London Institution (by special request) on Mesmerism, Spiri-
tualism, &c., before Christmas, and which were published in
Fraser's Magazine at the commencement of the present year :—

“The recent history of Mr. Crookes’s most admirable invention,
the Radiometer, is pregnant with lessons on this point. When
this was first exhibited to the admiring gaze of the la.rge body
of scientific men assembled at the soirée of the Royal Society,
there was probably no one who was not ready to believe with its
inventor that the driving-round of its vanes was effected by the
direct mechanical aid of that mode of Radiant Force which we ca
Light; and the eminent Physicists in whose judgment the greatest
confidence was placed, seemed to have no doubt that this mecha-
nical agency was something outside Optics properly so called,
and was, in fact, if not a new Force in nature, a new modus
fﬁ:""“ﬁ of a force previously known under another form.

ere was here, then, a perfect readiness to admit a novelty
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which seemed so unmistakably demonstrated, though transcend-
ing all previous experience. But after some little time the
guestion was raised, whether the effect was not really due to an
intermediate action of that mode of Radiant Force which we call
%eal, uwpon the attenuated vapour of which it was impossible
entirely to get rid ; and the result of a most careful and elaborate
experimental inquiry, in which nature has been put to the ques-
tion in every conceivable mode, has been to make it (I believe)
almost if not quite certain, that the first view was incorrect, and
that Heat is the real moving power, acting under peculiar con-
ditions, but in no new mode.”"—LZectures on Mesmerism and
Spiritualism, p. 8.

‘1 hold the warning given by the history of this inquiry, in
regard to the duty of the scientific man to exhaust every possible
mode of accounting for new and strange phenomena, before
attributing it to any previously unknown agency, to be one of
the most valuable lessons afforded by Mr. Crookes's discoverles.

““Now I maintain that it requires exactly the same kind of
specially trained ability to elicit the truth in regard to the
phenomena we are now considering, as has been exerted in the
researches made by the instrumentality of the Spectroscope and
the Radiometer, And I cannot but believe that if Mr. Crookes
had been prepared by a special training in the bodily and mental
constitution, abnormal as well as normal, of the Human instru-
ments of the Spiritualistic inquiries, and had devoted to them the
ability, skill, perseverance, and freedom from prepossession,
which he has shown in his Physical investigations, he would have
arrived at conclusions more akin to those of the great body of
scientific men whom I believe to share my own convictions on
“his subject.”"—0p. ¢i., p. 70.

No one, I think, can fzil to see that in speaking of Mr.
Crookes’s ““ most admirable invention,” and in giving him the
fullest credit for the “‘ability, skill, perseverance, and freedom
from prepossession,” with which he had carried on his investiga-
tions in regard to it, I eulogised him as warmly as if I had
mever come into collision with him, It must also be apparent
to any reader of these lectures, that I did not impute to him any
blame for having originally fallen into an error shared at the
time by the *‘ eminent Physicists in whose judgment the greatest
confidence was placed ;" and that my reason for bringing forwards
the subject was to enforce the lesson, that *‘ no new principle of
action has any claim to scientific acceptance, save after an ex-
haustive inquiry as to the extent to which the phenomena can be
accounted for, either certainly or probably, by agencies already
known,”

Circumstances to which I shall presently advert having made
me feel it desirable that this *‘ lesson " should be yet more fully
and emphatically set forth, I applied myself to a careful reperusal
of Mr., Crookes’s papers in the Proceedings of the Royal Society,
with the most earnest desire to present a true history of the whole
inquiry ; and I availed myself of the opportunity kindly afforded
me by the editor of the Ninefeenth Century, to place before the
public what I believed to be a fair statement of the case, with
the lessons it conveyed.

Commencing with a description of the phenomena presented
by the Radiometer when it was first exhibited by Mr. Crookes at
the soirée of the Royal Society, I thus continued :—

‘It is scarcely surprising, then, that a general impression
should at once have prevailed that a capital discovery had been
made—that of the direct mechanical action of light ; which, though
not indicating the existence of a new force in nature, showed
that the most universally diffused of all forces, next to gravita-
tion, has a mode of action which was previously not merely
unknown, but altogether unsuspected. And this impression was
not confined to those who had only a general acquaintance with
Physical Optics ; for it was shared by the greatest masters of that
department of science, who had followed the course of the expe-
rimental researches on which Mr. Crookes had been for some
time engaged, and of which this discovery was the culmination,”
—Nineteenth Century, April, 1877, p. 243.

I then went on to give, from Mr. Crookes’s papers, a history
of the investigations which had led him up to the Radiometer;
and showed (p. 249) that at that stage of the inquiry, the argu-
ment for the directness of radiant repulsion, deducible from what
was then supposed to be a fact—the increase of the rapidity of
the rotation in proportion to the perfection of the vacuum—
“*seemed alike valid and cogent,”

I next sketched the history of the opposite view originally
propounded by Prof. Osborne Reynolds, supported by Dr.
Schuster’s experiment, and finally established by Mr. Crookes’s
own later researches, which have culminated in the doctrine of

‘‘ heat reaction ” now generally accepted. In reference to Mr.
Crookes's own part in these subsequent inquiries, I say later on
(p. 254), that “no sooner was adequate ground shown for calling
in question his interpretation of the phenomena, and a vera causa
found in an agency already known, than Mr. Crookes evinced
the spirit of the true philosopher in varying his experiments in
every conceivable mode, so as to test the validity of his original
interpretation.” And again in the next page I speak of his
*‘carrying out this beautiful inquiry in a manner and spirit
worthy of all admiration.”—What higher praise could be given
to a scientific investigator ?

Having brought the history to its conclusion, I thus proceed : —

** Before adverting to the lessons which this remarkable history
seems to me to convey, I would point out that this change of
interpretation of the facts discovered by Mr. Crookes, does not
in the least diminish either the interest of the facts themselves
or the merit of his discovery. Nor is the value of his Radiometer
in any degree lowered by the demonstration that it does not (as
Mr. Crookes at first supposed) afford an absolute mechanical
measure of radiant energy under any of its aspects, What
(according to present views) it really does measure, is the amount
of ‘heat reaction’ producible in gaseous atmospheres of
different kinds and of different degrees of attenuation. And
such a precise method of measurement appears more likely than
any other mode of investigation, to furnish a test of that kinetic
theory of gases, the recent development of which by Prof, Clerk-
Maxwell is regarded by competent judges as constituting (if it
should receive such verification) the most important advance ever
made in molecular physics. Most deservedly, therefore, did Mr.
Crookes receive from the Royal Society the award of one of its
chief distinctions.” (Zoc. cit., p. 251.)

To this I may add that I personally congratulated Mr. Crookes
most cordially on that occasion, and expressed to him the deep
interest with which I had followed his researches throughout.
And though I had next to show that Mr. Crookes has another side
to his mind, which makes Mr. Crookes the *‘ spiritualist ” almost
a different person from Mr, Crookes the ** physicist,” I carefully
guarded what I had to say on this point in the following words :—
‘1 would not be thought for one moment to disparage Mr,
Crookes’s merits as the inventor of the Radiometer, by now bring-
ing into contrast with the admirable series of scientific investiga-
tions which led up to that invention, what I cannot but regard
as his thoroughly unscientific course in relation to another doc-
trine of which he has put himself prominently forward as the
champion.”

I cannot but surmise that Prof. Carey Foster must have read
my paper rather carelessly, and have applied to Mr. Crookes,
the inventor of the Radiometer, the depreciatory remarks I felt
called upon to make in regard to Mr. Crookes, the supporter of
a system, a large proportion of which even Mr, D. D. Home has
recently denounced as * a seething mass of folly and impos-
ture,”* If Prof, Carey Foster knew as much as I do of the
mischief which #%s Mr. Crookes has done, especially in the
United States, on the one hand to his own reputation and to
that of British science,? and on the other to public morality, by
the facility with which he has lent himself to the support of
frauds as wicked as those by which fortune-tellers delude igno-
rant and credulous servant-girls, he would not wonder that I
should feel called upon to show that the high scientific ability of
Mr. Crookes, the Physicist, neither prevents him from believing
in his own day-dreams, nor renders him a match for the cunning
of the clever female cheats who play upon his Spiritualistic
¢ prepossessions,”

I now pass to the second part of my defence ; and shall show
that for * making it appear that Mr. Crookes had put a wrong
interpretation upon his own results,” I can adduce adequate
justification from his own published statements. N

Of the ‘‘repulsion accompanying radiation” shown in his
early experiments bg the swinging-round of the pith bar, Mr,
Crookes said, in 1874 (Phil. Mag., vol. xlviii., p. 94), ** My
own impression is that st is directly due to the impact of the waves

T See his ** Lights and Shadows of Spiritualism,” containing an unsparing
exposure of its * delusions,” its ** absurdities,” and its **trickeries.”

2 On the strength of a private letter from Mr. Crookes, which has been
published (in_fac simile) in the American newspapers, a certain Mrs, or Miss
Eva Fay announced her " spiritualistic” performances as *endorsed by
Prof. Crookes and other Fellows of the Royal Society.” The particulars of
the complete public exposure of this woman's disgraceful frauds, showing
that Mr. Crockes's scientific tests are no more worthy of trust than the late
Prof. Hare’s experimental demonstration of the immortality of the soul,
will appear in the forth number of Fraser's Magazine,
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upon the surface of the moving mass, and not secondarily through
the intervention of air-currents, electricity, or evaporation and
condensation.”

In a paper subsequently communicated to the Royal Society
(Proceedings, March 12, 1875), Mr. Crookes characterised the
explanation of the “repulsion from radiation ” offered by Prof.
Osborne Reynolds, as one which “ & is impossible to conceive,” the

henomenon taking place in a chemical vacuum. At the same time
Ee stated that he was unprepared to offer any other explanation,
and that * he should avoid giving any theory on the subject
until a sufficient number of facts have been accumulated.”

After bringing out the Radiometer, however, he reverted (as it
seemed to me) to his previous *‘ impression ; " the whole phra.se-
ology of his papers of January § and February 5, 1876, appearing
at the time, not only to myself, but to every one of the eminent
scientific friends with whom I conversed on the subject, to indicate
that he then considered the rotation as directly due to the impact
of the waves upon the surface of the moving mass, Nor have 1
ever imputed it to him as a matter of blame that he took this
view of it ; on the other band I have stated over and over again
that this seemed the general impression of the distinguished
Physicists to whom we *‘ outsiders ” looked for guidance in the
matter. Anyone who remembers what took place at the Meeting
of the Royal Society at which Mr. Crookes’s paper was read,
will, I feel sure, bear out this statement.

1 shall now specify more explicitly the grounds on which I
attributed to Mr. Crookes, no longer as an *‘ impression,” but as
2 definite ** interpretation "’ of his facts, that the rotation of the
Radiometer is due to the direct impact of the waves, and chiefly (I
never said exclusively) to those of the /uminous waves; and
further attributed to him a claim to the discovery of a *‘new
force” or * new mode of force.”

This Aey-sofe seems to me to be most distinctly struck in the
following passage :—After pointing out that *‘there is no real
difference between Heat and Light, all we can take account of [I
presume he means physically, not physiologically] being difference
of wave-length,” he thus continues : *‘ Take, for instance, a ray
of definite refrangibility in the red, Falling on a Thermometer
it shows the action of Heaf; on a Thermopile it produces an
electyic current ;1 to the Eye it appears as /ight and colour ; on a
Photographic plate it causes chemical action ; and on the sus-
pended pith i causes motion,”

Now (1) this motion being elsewhere spoken of as due to fke
impetus given by a ray of light, (2) a set of experiments being
made to determine tke mechanical values of the different colours
of the spectrum, (3) an observation being recorded on tke weight
?' sunlight (without the least intimation that he was ‘‘ speaking

guratively,” as Mr. Crookes says that he did to his audience at
the Royal Institution), (4) the term Zight-mill* being used by
himself as a synonym for ‘* Radiometer,” and (5) no hint what-
ever being given of the dependence of the result (as argued by
Prof, Osborne Reynolds) on a ** heat-reaction ” through the resi-
dual vapour, I still hold myself fully justified in attributing to
Mr. Crookes the doctrine of tke direct mechanical action of light ;
and I call on Prof. Carey Foster to prove—not that Mr, Crookes
himself did not hold that doctrine—but (which is a very different
thing) that I am not justified by Mr. Crookes’s own language in
attributing it to him.

That Mr. Crookes considered such action a **new force” or a
*new mode of force,” plainly appears from my previous citation ;
in which he ranks Motion as a mode of Radiant action additional
to Light, Heat, and Actinism, differing as much from either of
them as they differ from each other. If it does mo# mean this,
what does it mean?

So, if Mr. Crookes has nof changed his mind as to the inter-
pretation of his facts, I ask (1) why he now repudiates as inap-
propriate the term Zight-mull adopted (if not originally given)

T Having never heard of any physical phil [ from k to Sir
William Thomson, who looked at the electric current generated in the
Thermopile as anything else than an effect of the heating (whether by con-
duction or by radiation) of the two metals of which it was composed, T was
greatly surprised at finding it ranked by Mr. Crookes as one of the fmmediate
modes of Radiant action ; acd [ called attention in my ** Radiometer " paper
to what [ supposed to be his mistake on this point.” It may be that in my
ignorance of the newest dcvetopments‘?f lhern'!o-cl:cu:lc‘theory (my know-
ledge of itnot being later than 1872,  Everett’s ion hanel,”
p. 652), I have here unintentionally ** depreciated Mr. Crookes’s merits ;" and
1 shall be quite ready to recant and apologise for my mistake, if Prof, G. C.
Foster will show that it is Dr. Carpenter, not Mr. Crookes, who is here
in the wrong. 9’ X N

= Itis impossible not to see, in the use of this term, a suggestion that the
vanes are driven round by the direct mechanical impetus of Lightupon them,
in the same way as the sails of a Wind-mill are driven round by the direct
impetus of the Wind,

1 Canh

by himself? and (2) why does he now admit that dependence of
the movements upon the presence of residual gas, which he
originally affirmed to be impossible fo conceive?

I have carefully confined myself to the main fssues of this
question. Prof. G. Carey Foster will doubtless be able to pick
out poinis of defail in my article, as to which fault may be
found by a severe critic. But 1 venture to think that I have
said enough to prove that what I said on the subject was written
under the honest conviction that I had adequate ground for my
statements ; and that I shall at any rate be absolved from the
imputation of having ill-naturedly referred to the history of the
Radiometer for the purpose of putting Mr. Crookes in the wrong ;
the ‘‘lesson” with which 1 concluded the article being as
follows :—

“The lesson which this curious contrast [the duality’ of
Mr, Crookes’s mental constitution, which I speak of as having
plenty of parallels in past times, to say nothing of the
present] seems to me most strongly to enforce, is that of the
importance of training and disciplining the whole mind during
the period of its development, of cultivating scientific habits of
thought (by which I mean nothing more than strict reasoning
based on exact observation) in regard to every subject, and of
not allowing ourselves to become *possessed’ by any ideas or
class of ideas, that the common sense of educated mankind pro-
nounces to be irrational. I would not for a moment uphold that
test as an infallible one ; but it ought to he sufficiently regarded,
to make us question the conclusions which depend solely upon
our own or others’ subjectivity, and to withhold us from affirming
the existence of new agencies in Nature, until she has been ques-
tioned in every conceivable way, and every other possibility has
been exhausted.” (0p. cit., p. 256.)

October 10 WiLLIAM B. CARPENTER
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