-40 - ‘Mr. J: A. Fleming on Magneto-clectric . [Mar. 8,
plying the method so ds to’ obtain-in a: compact form and ‘at. 4 small. .
cost g dispersive power exceeding that. of ahy spectroscops  on. the old.
plan; and free from the defocts inherent in complieated instRument,

In conclusion, I iay alludo to an a yplication” of: the remarkable pro-
~-perty of the -half-prism which may-perhaps prove of practical use. - l'mm :
“what precedes it will ‘be elear that the halt-prism, as far as its magni-
'fying-po'wer 13 concerned, is-equivalent {o a. combination of an._object-

glass and cylindrical eyepiece, ‘the peculiarity being that it magnifics the
angle between: two pencils of parallol rays without affectfing- the paral-.

lelism of the rays ineach pencil. The half-prisms which. have &0 far -

been considered ‘are construeted so.ag lo give great disp(lrsion,-gml the
sun is seen through them as if through a telessope with an object-glass
formed.of a ¢onvex flint lens-and a concave crown, “But it s obvious
that an_achromatic prism may ‘be.formed on -the same principle as the - -
achromatie. object-glass, giving cylindrical maghifying-pow e without dis=
persion. 71 two such prisms betkrossed at right angles, one ‘behind the
other, the maghnifying-power will be the-same in both diregtions, and the
combination will act -as an -achromatic telescope with the advantage of
great compactness, since the cye can be applicd close to the second prism.
* Whether, however, this advantage wonld compensate for the greater
quantity of glass required and “for the loss of Tight is ‘a matter for prac-
tical consideration ; and I therefore defer the discussion of the achromatic
half-prism till I have satisfied myself that it has some practical ‘utility,
" even though it may never replace the refracting telescope for general use, - .
Royal Observatory, Greenwich, 2 R T T
1877, Jan~17.. [ :
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Dr. J. DA‘LTION‘-HQOK‘ER, C.B., President, in the leair. :
 The Presents received were laid'on the table, ':‘u;d, _ths;nk_s orde“re(!,for-uv
them. = . - s o S L

>, The fol]di{'ixr»g P;zpers were read i— .

e

L. “On Magneto-clectric Induction in. Liquids -and - Gases.—

Part 1. Production of Induced Currents in Electrolytes,”” . -

. Srokes, Sec.R.S.. Received February 6, 1877.°
S :f (Abstmct.)_' e B R T
This paper. contains an scecunt’ of an exéerime’ntulviin}mix“-j';ihtﬂé the

By-J. A. FLEming, B.Sc. (Lond.). Communicated by Prof. .

»
N

“production of induced currents in_liquids by magneto-electric induction. -
Faraday examined. one ‘such case of: induction, in. which a conducting
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lignid was used as a qecondavy clrcmt He coiled round the’ nmmture of

- an o]o(-fmnm;,not an india-rithber tube filled with dilute nu]phurlc acid,

~aard founid; on making and breaking the primary eircuit, the induced eur-
rents generated in it, as in'the cass of metallic conduetors ; but he could
not obtain any effect. when hrm(*, ﬂulphurw acid, or other ‘solutions- were :
rotated in hasins over.g magnet, or enclosed in tubes and passed between
the poles:  He failed also'to detect any magneto-electric current in water
flowing across’ the earth’s- lmos of magnetic fores (viz. in thc river
Thames).

Singe the reason fnr thmp negative rwuliq is not at onee o'bnous it
seemied desirable to repeat and extend - thein to other “caged, 8o that, if
possible, the analegy “of “eleetrotytic with solid “conductors might, in’
respect to. magneto-clectrie induction; be. completed. ™ In addition, the

Jsubject involves the interesting quosh(m of ‘the magneto-vlettiic phetio-
mena accompanying the,flow of ocean- currvnts and othor\ ]nra,e magses -
of witer, -

- Three cases.of induetion in lnqmde flowing in a mnrrnehc field or tra-
versed by lines of xmgnotw force have been examined. . R

1. Productiog of-indueed” cnrrent tn a. ligudd. st:eum ﬁml'nu] uniformly
in-a.constant mngnetic feld —When a_streani- of. conducting fluid flows .
vertically down between the poles %ﬁﬁmﬁﬁmsvme current is ..

- produced in a direction. at right angles to the lines of force.and line of
flow. This was obtained in the following way :—A glass tube, about 200
centims. long and 2 centims. wide, had platinum: plates 15 millims. wide
placed along its inside and at oppmm\ sides, with their lengths parallel to
the axis of the tube, Platinum’ wires welded to these plates were-sealed
through the g]:hs. The plates were curved to lié-closely against the sides
of the tube. This tube was placed vertically between the poles of a large
clectromagnet, the line joniing the plntmum p]a'oi being at right nng)es
to the line of the poles,

To the upper end of the tubo was. att'wlmd ﬂnothor, lvadmg to a reser-
voir of dilute sulphuric acid placed high ‘above the floor; to'the Tower

-end a tube leading to a receptacle on the floor. - The platinum plates

~were then conn(*((vd with a distant galvanonieter. . “When the magnet .
was not excited, no flowing of the liquid had any effect on the galvano- - -
meter; but when-it was exeited, at the moment the flow begaii the
galvanometer showed av deflection of 10° to 15°. .Since the (m]v part of -
the galv anometer c1runt in motion'is the hqmd thm deﬂectmn was due -
to the magneto-cleetfic current m\nomt« «'in it by its movement.” It was.
noticed that the plates were piolar Fzed by the carrents so created ~As-a
consequence of this, the deflection of the needle soon fell ‘to zero; and:’
on the liquid flow ‘being qtouped a polarization’current in - the® opposite

. direction"was obtained. This: pm\ed that in experiments on induction in -
liquids, in ‘order to obtain any constant curreut _non-polarizable electroden ’
must be used. .
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- 2. Production of mduad mr em: ina niass of Lquid rolatmq over. . mag-
“etic pole—In this case rﬂdml current@Bhould be produced. Th('y wero
obtained as follows :—T'lat- porous celts were. placed round tho ciretim-'
ference of a large basin, and in the centm a cyhndﬁml ono., These ‘wero
filled with & solution. of cupric sulphate; and contained copper plates. T ho ..
basin was filled with ditute sulphuric acid. “The centro copper plate was
connected with one ‘poleof the galvanometer, and the_eircumferential -
ones with the othér. - The whole-was placed over the polo of .the electro-
magnet. -On exciting the ‘agnet .and gotating the dilute-seid, a con-:-
stant current was obtained, flowing from contro to mrcumferenee or the
reverse according to the direction of rotation.. With platinum electrodes
the effect cannot - be. obtained, but with “non-polarizable electrodes- it is
casily produced. ﬁlorcury wag likewise tried with still botter results.

3. Production of induced current in a Liquid -at restain @ var riahle mag-
nl’il('f(’l(] ~—1f a flexible tube fillett with conducting liquid is wound round
an electromagnet, and into the ends electrodes placed s so-ag to include a
galvanometer in the circuit, then induced ‘currents. are obtained when-
ever the strength of the magnet varies. ~ This is' the case examined by
Taraday. lhs experiinent was- repeated by MM, Logeman and- Van
Breda (Phil. Mag. [AV.] vol: ¥iii: p.465), who noticed that the eloctrodes’
were left polarized d fter the induced curreat had passed These experi-
ments were repeated ‘with -more. powerful apparatus, usinig a soft iron
wire core within the inducing helix instead of solid iron, snd -employing
a condehser in the primary circuit. - Very strong induced currents were
obtained, and correspondingly great polarization of the electrodes’ placed
in the ends of the coil of -acid. - It was hoped that. the .currents might .
produce visible inductive. electrolysis, but ‘even this improved arrauge-.
ment did not yield that result. Other saline solutlens were tried ‘with
similar results. :

Lastly, the phonomenon obser\ ed by Arago, ofithe rehrdahou in_ the
vibratious of a magnetic needle oscillated near the surface of liquids, is.

examined. Evidence is brought forward to show that this i is nof; a8lin

the case of solid plates, du¢ to induced currents creatod in the liquid—
-(1)-becanse the retardation is, ceeteris par L/'I.Ls not proportional to the
conductivity of the liquid ‘but dopendeut' on its volatility ; (2) beeause
.. it takes place equally when a light ‘brass needle, oscillated by torsion, is
* substituted for the mingnet, provided the needls is light and the period of
osciilation. not very small Thus 8 magnetic needle which’ required

4 min. 20 sec. to suffer a decrement of 25%m the semi-are of - vibration
~when in air, required over dilute %ulplnmc acid 3 min. 30 sec., over. ethér

2 min, 25 sec. A brass needle of the same dlmemlons e‘hlbxte(l sumlnr
effects. .
In conclusion “the magneto—electrlc mduehon mkmg plnce in mov mg,‘
imasses of water-on ‘the earth's surface under the mﬂueme of torrestrml .
mngnetlsm is brleﬂy discussed: :
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familics ‘are also comparatively few. The '}ammea o contributing

are, however, uth"ohg"_"t_he‘ ‘most important;axfd”widel rdistributed in
‘tho vegetable kingdom; | as also are some of tho plants they. con. '
tribute: As. prominent examples ‘raay be mént’i'on'édL ‘the Gramiree,

affording the cereal grains, a large proportioh of vth’e}’ mixed herbage
“of grass-land, and other products; also the Leguninose, yielding
pulse crops, many useful herbage plauts, and numerous other pro-
ducts. - As we have sa d, there does not goem to bo an unsolved
problem as to the sources of the nitrogen-of ,():ther of lour agricultural
plants than those of tho leguminous family.| Obviously, however, it
would be unsafe to generalise in regard to pndivid\#al families as a
whole, from results relating to a limited ni“rmber of examples sup-.
plied by their agricultural representatives alone.| Still, thdve is
nothing in the evidenco at present at command, [to point to the
supposition that there i any fundamental difference in the source

!

- of the nitrogen of different members of (»B'o§ same'fft{rily, such as is

clearly indicated between the representatives| of the Jeguminous, and

of tho other families, supplying staple agricuhmml products. On the
~ other hand, existing evidence does not afford any njeans of judging

.

IR . 1 . o L B p —
- whether or not similar, or allied agencies to those|now under con-
- sideration, or even quito different ones, may come into play in the'
nitrogen assimilation of the members’ of other fanjilies which con.

o gribute such a vast variety of vegetation to tthe cart{r surface. -

© We have pleasure in stating that the conduct of the investigation
has largely devolved upon Dr. N. H. J. Miller. He has been almost °

~ wholly responsible for the analytical work, a$ well a§ for the photo-
graphing, by which a permanent record, ‘not only of the above-

ground growth, but of the root-development” of the experimeéntal

. plants has been ‘socured. 1t should be added, that Mr. J. J. Willis'
has materially assisted in tho observation and notingion growth; also

. in the sepam{tion of the roots, mounting -themn for| observation and
for photographing, and in noting upon them. ' - :

13

" IL. %On Electric Discharge between Elecim(]!'e_s-at different
~ Temperatures in Air and in High Vacua.” By J. A,
FLEMING, M.A,, D.Sc., Professor of Electrical Engineering
in University College, London. Communjcated by Pro-
 fessor G. C. Fos1ER, F.R.S. . Received Dec mber 16, 1889.
| , (I,’felimindry _Notiée;) \ ” C
" 1t has been known for some-time that if a platinum plato or wiro
is sealed through tho glass bulb. of -&n . ordinary| carbon filament
incandescent lamp, this metallic plate being quite out of contact with
. ’ : !’ T . | " :



* nosensible potential

onsitivo galvangteterco ‘between-

the carbon conducto

" this insulated metal plate e
positive “electrode ‘of “the’ la
ampdres passing through it
same instrument when con ccted between the| negative
the lamp and the insulated metal plate indicates no sensible current.
'Phis phenomenon in-carbon ﬁncande_scehw lamps was fist observed by
Mr. Edfsoh', in 1884, and qulher examined by Mr. W.-H. Preece, in

p indicates a cutrent. of> some milli.

hen the lamp is ‘set in- a;cﬁ}idn. but the

. 1885.* The primary objec of the 'expérimeéts-ide'sé"ibed in this
ination of this effect, but

paper was the further exami ‘
' this range and embraced ijsome general

has extended itself beyond

phenomena of electric disch‘m-ge’ betweon electrodes at unequal tem-:

peratdves, and in particulnj as revealed some curious effects in the

behaviour of an electric arc takert between carbont poles towards a

third insulated catbon on metal poles. : iE '
“I'he first series of e_x_peri‘ rents had reference; to the nature of the

offcct observed in the inéandoscenco lampg hmﬁing an josulated wire *

or plate placed in the vacuum. ' J , .
1t a platinum wire is seabed throngh tho gla‘%\ bulb of -an ordinary
carbon filament lamp and carries at its extromity a metal plate, so
placed as to stand op between the legs of the carbon h rseshoe withe
‘out touching either of the_r“o,» then when the lPilip" is actuated by a
_ continuous current it is found that=— - . . R .
(1.) This ‘insulated metal plate is brought dow

i “inéta,ntly_ to.

the inquiry -

\Foéed in- the 'vacuyra-and the external .

‘electrode of

the potential of tho base of tho_‘_‘-ﬁnegati'vevlcﬁ “of thp carbon, and: 7.

difference exists Between tho insulated metal plato

and the negative electrode of the lamps, whether the test bo made.by

a galvanometer, by an electrostatic voltmeter, or by a condenser. -

(2.) The potential, differenco of the plate and the L
of the lamp is éxactly the same as the working potential difference of
tho lamp electrodes, provided this is measured clectrostatically, t.e,
by a condenser, or by an electrostatic voltmeter takihg: no carrent,

% See ‘ Roy. Soo. Proc.,’ vol. 38,1883, p. 219. “On aPeeuliar vehm;iour of Gtlow
Lamps when raised to High Incandescence.”—In this paper Mr. Precce describes &

very carcful series of observations carried out with Edison incgndescence lamps,
and which cover the same ground as & portion of the experiinents here dgscribed. ,
The results given in (4), (7), and (11) confinn the facts which wete first ascertainecdt
by him. He also arrived at the general conclusion that the phenptrena 80 observed
are due to an electric convection by matter projected from the in andescent carbon.
By carrying up the working electromotive force of the lamp to a point productive of
very high incandescence, he was able to measure the resulting qurrent through a
galvanometer connected between the positive lamp electrode an the middle plate
corresponding to every degree of incandescence, & d showed that, whilst increasivng
up to.s certain point, the galvanometer current fell off rapidly E

critical temperature was reached, which corresponded to the spﬂeamnce of a blug 47

light or baze iu the glass receiver.—[{Jan. 14th, 1890.] . . N

jtive electrode
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¢ jq;,l:a;li'ty‘ of poten
o
|

plate is not moro than an inch or so from

~ theplato is not brough
“ " tive electrode. :

o '_"'(4.);'A galmnoﬁictéﬁ con'hectedxbetmeﬁ k

tial between |
.01 Vhe 1AL A e o ey s _

t is in o state of vivid incandescén
. When the lamp is at|intermediato stages

. - plate is considerably removed from the bass
‘down quite to the

liffetence of tho-
tething less than,

tho negative elcc.

o insulated plafo only exists when the carbon.

c&"’ﬁ'ﬁdf‘\fﬁeh the insulated
he base qf the negative leg..
of incandescence, or the

of thio|negative leg, then
|

ential as the nega-
he insilated plate and the

t

same po

positive electrode of tho lamp shows a currént incréasing from zero to

four or five. milliampéres, as the earbon i8]

‘mercial "'.incandgscence‘ Therg ‘is not

00001 of ‘a milliampdre
‘when the lamp has a good vacaum,

LY

< tive electrode. o
0 L0 (6) When
% tinuous carrent is found flowing through

(5 1f the lamp has a bad vacunm this inequali
. “asensilive galvanometer shows a current
"1 <connected between thej!middle plate and eit

the lamp is actuated by an

raised to its state of com.
ny curpent greater than

between the -plate. and | negative elcctrode

€ is dcstmyed,‘na_nd
flowing through it ‘when
her the positive or nega-

i | . .
alternating current a con-
galvagomoter, connected

- “bétween the insulated plate and either teEmingl f the lamp. The

" . -direction of . the current through the galva

that negative electricity is flowing from

‘Vanometer to the lamp terminal, This is

nometer, is such as to show
t%he‘ plate through the gal-
also the pase in (4); but, if

the lamp has a bad yjmcpum, then ‘n'eg'a:ﬂve electricity flows from
the plate through the galvanometer. to the positiyo torminal of the

~ . lamp, and nogative ;
vanometer from the negative terminal of

~(%:) The samo effects exist on & reduced amlt}owhen the incan.
doscent conductor is a platinum wire instead of car]

electricity flows fo the pla

‘throogh-tho gal-

the lamj

n filament. The

slatinnm wiro has to be brought up very near to jts point'of fusion,

in order to dotect the effect, but it is-fougd t

(at o current flows

~ between the positive electrode of a platinuth wire lamp and a platinum

plate placed in the

vacunm near to the negative e

d of that wire.

~(8.) The material of which the plato is made i§ without influence.’
Platinum, aluminiim, and catbon have beén indiffprently employed.

the carbon. If the megative leg of the

enclosing it in a glass $ubo this procedare

betweon the middle plate and the positive termina
(10.) Tt is/a matter of indifferenco whether a'g

> (9.) The active agent in producing this effect is' the negative leg of

carbon s covered up by
entjrely, or nearly entirely,

preveits the production of & current in a g’alv?nometer connected

of the lamp. _ -
s3 or metal tabe is




(A1) Iy instes shielding the negative \& of t‘hc .carbon, - &
*mica séreen is interposed between tho negative leg apd”the ‘side of
the middle plate which faces it,, then the carrent prodnced in a gal-
vanometer connected .b‘etv«‘e#n‘ ‘the positive’ termival of| the lamp, and
the middle plate is much reduced. - Hardly any effect-ander tho sa1me -

circamstances js produced when the mica screen is iutdrdosed on that .

- sido of the metal plate whiclh faces the positive leg of the carbon.

(12.) The position of the metal plato bas a great influénce on tho >‘
magnitude of the current traversing & gal;v;»nome#er “connected.

‘between the metal plate atT the positive terminal®of the lamp.’ The

_current is greatest when the insulated metal iﬂaté is ps near as pos+
sible to the base of the negative leg of the carbon, and greatest of all
when it is formed into a eylinder which embraces without touching .
_ the base of the negative leg. o SR B
" The currént becomes very small when the insulated metal plate, is
removed to 4 or 5 inches from the negative leg, an; Lecomes pracs
tically zero when the metal}‘plat.e‘is at-the end of a tube forming parb._ -
of the bilb, which tube has a bend at ‘right angles ip it. Copious

 expotiments have been made with  metal plates in" all kinds of

“- positions. S . . S »

(13.) The galvanometer current is greatly influenced by the sarface

‘of the metal plate, being greatly reduced when the 'surface of the -
©oplate is ﬁiadd'small,vor‘whén the plate-is set edgeways ta the negative
leg, 80 &s to present a very small -apparent surface When seen from
the negative leg. In a lamp, having the usual com ercial vacoum,

*“the effect is extremely small when the insulated inet,alll plate is pluced
at & distance of 18 inches from the negative lég, but even then it is
~ just sensible to a very sensitive galvanometer., - i
-~ +(14.) 1t a charged condenser has one plato connected to the insu-
"+ lated metal plate, and -th

v gircuit of the incandescent flament, this condenser ip-instantly dis-

" charged if the positively chargod side of the condenger is connected
to tho insulated plate, and, the ne‘gative side to the hot filament.- 1,
Fowever, the negative leg of the carbon horseshoe is shiclded by &
‘glass tube, this discharging power is much reduced, ot altogether’
removed. Lo e '

(15.) 1f the middle plate consists of a separate car n loop, which

can itself be made incandescent by a separate insulated battery, then,

when this middle carbon is rendered incandescent a d employed as

. the metal plate in' the above experiment; the copdenser is dis.

" charged when -the negatively charged side of it is connected to the "

hot middle carbon, the positively. charged, sido of it being in con-
nexion with the principal carbon horseshoe. | N

o other plate connected to -ahy point of the ™

i any casé tbls e

-

Y
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(16 ) If thls ‘ ]
sxd\ary carbon loop be\ng nsed as a middle p at,e and\; a galvanometer
. being connected between it and either the pos\twe or. negatnve main
. terminal of the lamp, then when the subsidiary carbon loop is cold,
- we get a carrent, through the galvanomoter only when it is in con-
noxion with the posnhve njam terminal of the Jamp, b v‘t when the sub. .
sidiary carbon is made incandescent by a separate insulated battery, we
get o current tht‘OUgh the‘ galvanometer wheﬁ it is_copnected’ either °
~ to the positive or to_the negative terminal of the lamp. In the first
case the current through the galvanometer is a, nega,h‘ve current, flow.
" ing from the middle earbon to the positive main tenihmal and in the
sccond case it is a negativo current, from th negati e main terminal
to the middle subsidiary hot carbon, -
(17.) If a lamp having a metal middlo plaL,e held between the legs
of tbo carbon loop has a galvanometer connec'tcd between the negative
main terminal of the lavﬁp and this middle plate, we find that when
the carbon is mc&ndescen‘t there is no sensiblé curront flowing through

the galvanometer The‘ vacuous space between the middle plate

- and the hot negative leg | \of the carbon posscsses. hotwever, a curious
unilateral conductivity. | If a single Clark gell js inserted in series
with the galvanometer, we find that this coll canEsend a ourrent
deflecting the’ galvanometer when its negatlve pole|is in connexion
with the negatlve main termmal of the lamp, but if|its positive polo
‘is in connexion with the negative terminal of the lamp, then no
current flows.. The cell is thus able to forde 8 curL'ent through the

. vacuous space when the direction of the cell is such as to cause nega-
- tive electricity to flow across the vacuons space from the hot carbon
to the cooler metal plate, but not in the reverse direction. «
- (18) If a vacuum tube-is constructed, havmg at ]each end horse-
shoe carbon filaments sealed into it, and which In ‘each be made
separately incandescent: by an insulated battery, we find that sucha
vagham tabe, though requiring an electromotive for¢e of many thou.
“sands of volts to force a carrent through it when|the carbon loops
~ are used as clectrodes and are cold, will yet pass thg current from a
single Clark cell when the carbon loop which forms the negative
electrodo is rendered incandescent. It is thus fopnd that a high
vacuum terminated eloctrically by unoqually heated
 possesses an unilateral conductivity, and that electri¢ discharge takes
~ placo freely through it under an electromotive force of a few volts
when the negative electrode-is made highly incandesdent. ‘
(19 ) These experimental results-above descnbed led the writer to
mveshgate, in the same manuer, the electric’ aro between carbon pales
taken in air. If an electric arc is formed, m “the uspal way, between
carbon pdles, and.a third insulated carbon ptle is allowed to dip into
or touch the electnc arc, or, better still, bas he elec rio gre pro;ected

-

|

rbon electrodes
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against it by a magh 4 found. that this third ulated pole

is brought down almost to the potential of’ the ogative carbon of tho-
aro, and that a galvanometer conneoted between the third insulated
“carbon and the negative carbon of the arc indicates no current, but
that if joined up between the positive carbon and the middle carbon

a strong carrent of about an anipdro or so is found to bo passing. If -
an electrio bell or an incandescent lamp is joined up betyeen the third
 carbon and the negative carbon of the are, they do n%t\work; but
if the bell or the lamp_is joined between the |positive carbon of the
~arc' and the third carbon, they are set in action by a itrong current
passing through them. Theso  effects are produced,| although the
* third carbon (which is b'c?: held at right améles- to the other two

forming the arc) is half or three quarters of an inch away from the
positive and negative carbon, the sole condition being that the flame

of tho arc must touch or be projected by a magnet so akrto touch this -
' ‘ in the case of

third carbon. We have, therefore, similar phT‘nom'en j

the arcand incandescence lamps. | | K
(20.) When the electric arc is being projected agajnst the third
carbon, and has brought ik‘down to the samk) potential, a galvano-
meter joined in between the two carbons shows no cm[frenc; but this
space between the negativ;e carbon of the arc and thge third carbon .
possesses a unilateral conductivity, and will pt&s tho carrent froma
small battery of secondary cells one way, but not the other. The
gecondary battery when [joined in series with the galvanometer
sends a current, if its negative pole is in cOi‘mexiOnfwith the negas
tive carbon of the arc, and. its positive pole,'%@tbroug the galvano-
meter, with the third carbon ;. but if 'the-sec'on@at*y' battery is reversed
in position it sends no current, Negative electricity can pass along
the flame-like projection of the are from the hot negative carbon fo
the cooler third carbon, but not in an opposite direction. .
(21.) If the arc is projected by means of a magnet for a long timo
. against the third insulated carbon, it craters it out in the same fashion
" as the crater of the positive carbon, and the tip of this third carbon,
where.it bas received the flame-like blast of the are, i converted into
- graphite. v : - o 1 ‘ .
" The same effects are observed if an iron rod is usedlas a third pole,
.. and in this case tho end is converted into steel, and brjndered so hard
a3 to be scarcely totiched by the file when it has béen quenched in
water, . : , R :
In secking for an hypothesis to connent together these observed
facts, the one which saggests itself as most in aecotldauce with the
facts is as follows :— ' : A ' ‘
" In tho case of a carbon incandescence la np when at vivid incan.
descence, carbon particles are being projected from all parts of the

filament, but chiefly from the negafivé.i}gl{ of the loop, These carkon ’

i
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|
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- apon &’ meta p

" going on in-an ‘electric arc may be consi

chavges‘of eloatricit nd when t,héy.—iﬁpfnéb

“selves if this plate is positively electrified, either by being in metaltic

connexion with the positive electrode of the lamp or with a scparate’

positively charged bod} When the plate is simply insulated the

stream: of negatively charged carbon molecules

" insulated plate to the potential of the baseibf‘ the negative leg, or to’

-the potential of that part-of the carbon ooziidu’étori’from which it is
receiving projocted molecules. These carbon  molecules projected
from anincandescent conductor can carry n&gaﬁve'charges, but either

ate placed in tho vacuum they can discharge them.

rings down this

cannot be positively charged, or else losofa 'positikré charge almost

instantly when projected off from the conductor. t o »
In the case of tho electric aro we must’puppdseF that the negative
carbon is projecting _"off.a, torrent’ of negatively

molecules, and these, impinging against the J positivﬁ carbon, wear out

a crater in it by a eand-‘}blasc-like action. Ny
The higher. temperature of tho positiv
current are is thus expl ‘ ined as due to thei
cules projected from the negative carbon. |
. If the electric are is diverted -against ja third
~ carbon, the carbon blast from the negative
~in it and brings it down to the samo poten

carbon in a continuous
pact of the carbon mole-

insulated lateral

- | lectric lered ¢
follows:—~When -the carbons are firat pnt togethe
the point of contact renders the extremities incandescent. ~When

ial a,ski;elf. The actious

~“.thus incandescent and separated, the electritication of each carbon is

sufficient to begin the projection of molecules from both positive and

negative carbons, probably wmost largely from the latter. The impact -

of the molecular stream from the negative polo rtises the tempera-
ture of the positive carbon, and this again by rag iation raises the
tomperature of the negative carbon end. The electromotive forco is
thus ablo to keep up a projection of negatively charged carbon mole-
cules . from the énd of the negative carbon, which molecules are

looscned from the mass by heat, ‘and then move |away by electric

repulsion from the surface in virtue of the electric ¢hargo which they

retain. It would seem as if a hot carbon molecuje cunnot rotain a
~ positive charge, and henco the potential differencg botween a thind
insulated carbon and the positive carbon of the pre is nearly the
- same as the potential difference of the positive and negative carbons
of the aro. “The rise of potential along tho arc takes place very sud-
denly just in the neighbourhood of the crater of the ipositive carbon,

It has often been suggested that the eleotrip aro contains &
counter-electromotive force. It is questionable whether such experi.
ments as those of Kdlund (‘ Phil. Mag.) vol. 36, (1868, p. 352) aro

entirely conclugive on this point.

arbon wears out a crater .

be somewhat as
, the resistance at

electrified carbon -



~bo given, will suffice to cxplain all the variqus diffe
* . ‘duced by varying the su

vées of varye

1t has beed  Gther 6x it ares of varys
ing length, but the current, beyond a certpin maw initial lengthy -~
the potential difference: necessary Lo maintain) the ai W& proportional "
to the length of thearc plus a constant.” ::.'Pl;is,mighk‘j thus be inters

~ preted. to imean that & certain propottion Of"?ahe‘wf?f%hg electromos

‘tive force of the arc was employed in detaching the ca

from the-mass of the poles, and that tho excess aloiie is represented
_ by the carrent produced in an aro of definite engths /-~
In ‘tho-caso -of the i candescenco lamps the by Mggt}ggsis.of the

projection”of negatively harged carbon ‘mvo!%eéu%eﬂ_om the incan.

descent conductor, to.which the name of mdl

i

cudar elicirovection may

rface, position, and distance of the metal
plate against which theylim'pinge, and also tho nullifying effect of
“shielding this plate from ‘L’he negative leg of fhe‘ carbon. »

That this molecular discharge goes on chiefly fr«#:’n the negative
leg is additionally prove% i

, by the greater ergsion which takes place
in the deposit of carbon on the negative leg when the carbon is
uniform and tra'verse_d_by; a continuoas current. | I

The hypothesis that a carbon moleculo detached [from an incan.
descent carbon surface in & high vacaum cpn only| convey away
negative charge, roconciles also the above d scribed [observed eftects

in which a negative discharge can bo madoe ouf of g hot sorface of
. carbon more casily than a positive dischi}rge.l When an electromotive

force is applied to two metallic terminals of electrodes sealed intoa
good vacuum, it is well known that a certain initial electromotive
force- has to be applied before any elecgtrio vcntrant ‘begins to
flow through the gas at all. It scems conclusively proved by
‘Mr. Crookes's tesearches that thie naturo of an ¢
through a high vacoum consists in a torrent of electrified particles
proceeding from the negative olectrode. If this is tho case the
initial electromotive force required to begin a discharge through Such
* tarefied gas wonld naturally-be reduced by heating the negative elec-
trode, &0 as to favour and assist the detachment of the charged mole-
culos of that electrode. The effect of heating the nggative electrode
" in facilitating discharge through vacuous spaces hag previously been
doseribed by W. Hittorf (“ Annalen der Physik und {_}iaémie,’ vol. 21,

1884, p. 90--139), and it is abundantly confirmed by the above
~ experiments. - We may say- that a vacuons space bounded by two
eloctrodes-~ono incandescent, and the other cold—{possesses &.uni-
lateral condactivity for electric discharge when the o electrodes are -
within a distance of the mean free path of projection of the mole-

- % Ses Prpfessoﬂé Ayrion and Pertj’, * Procecdings of thg Physical Society,”
,vol.6,p.20ds I R N S

rbon molecules .~

ectric discharge - -



- results conld bo arvived at

- Magnetised Iron, &e., cooled to k’lbmpcrq;m;re'Q/'-Lkﬁ]ﬁuid Air. 51
of gas is a'mixture of theso two, its refractivity will determine the
propottions in.which the components are present., | o
" The obscrvations wero ntade by an apparatys similar in chatacter

“to_that already described, but designed to W(f)rk with smaller quan.
tities of gas. The space to be filled is only aﬁofut_, 12 e.c., and if the
#as be at atmospheric pressure its refractivity may be|fixed to abont
1/1000 part. By qurking«at pressures below atmosphere very fair

with quantities of gas ordinarily reckoned

s

»

at only 3 or 4 c.c. ) » -

The refractivity found for the Bath residue after
0896 réferred to air, 80 that the proportional amoun
8 per cent. Referred to the original volame, ﬁ:w propo
is 1'2 parts per thousand. | - C

©

desiccation was
t of helium is
rtion of helinm

n and Steels
" By Jaumes
| Chemistry in~
+ A, FLEMING,
ngineering in
il 25,—Read

“On the Changes pm(ﬂlced in Magnetiged Iro
by cooling to the Temperature of Liqﬁuid An
DEWAR, LL.D., F.R.8,, Fullerian Profdssor of

~ the Royal Institution of Great Britain, and J

- MiAL D.Se., FRS,, Professor of Elect;ﬁcal E
University Collego, London, Reccived Ap
May 21, 1896, | B

"The action of the low temperature produced%by liquid air vpon the

magnetic moment of stoel magnets was studicd. by one;of us in a few

‘cases in a preliminary research made some time ago.*| We have re.

. contly returncd to the subject and made fur:lher investigations on

the influence of the low temperatares t}zus obtained on magnetised
;

iron and steels of very various compositions, with the; abject of de-

»*

termiving the naturc of the changes which tako
magnetic moment of small magacts constracted of
when cooled gradually or suddenly down to the lowes

place in the
these metals,
t temperature

~ obtainable by the use of boiling liquid air. The*arranggnﬁenm adopted
in this investigation were as follows :— . N
A reflecting magnefometer consisting of three small magnetised

needles of watch-spring steel, cemented to a.f\conbav‘e
_suspended by a single cocoon fibre, was placed in a tul
free from disturbance by draughts of air, The small

glass mirror,
0 50 a3 to be
magnets were

8 to 10 mm. in length. The image of a portion of tI
an incandescent lamp was reflected by tho. mirror on

re‘ filament of
' to a divided

scale placed at & distance of 70 em. from the mirvor. | The edge of
" the very sharp image of the filament, focussed upon the scale,

® Friday cvening disico.ursc at the Royal lnstitution, F‘On the cientific Uecs of
Liquid Air,” by James Dewar, LL.D,, F:R.S., January 19, 1894, '

VOL. LX. ¥
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enabled any angnlgr dls lacement of the magneton{‘ctcn necdle to be
casily determined. . The| position of this magunetometer neetlle was
regulated by the field produced by an cxicn 1 con‘trolhng magnet,.
- T'he small magnet, the behaviour. of which a Jow {empemturcs was
. to be studied, was placed behind the magnctometer vith its oentre at
“a distance of 1 to 10 cm. from' the centre of- tho magnetometer needic .
and its axisin a direction passing through tlge centre of the magneto-
meter needle, aund at right angles to the .direction. of the undis-
. turbed mngnetomoter needle. The magunet to be e\ammed was fixed
to a brass wire, held in & wooden support in such fashion that the
magnet under examination could be easily removed| from its position
- behind the magnetometer, and restored to 1L again ‘xactly A large |
number of samples of steel and iron were thcn prepftrcd in the form
- of small needles, genemll‘y 15 mm. long and. (;nbout 1 mm.in diameter.
- These steels comprised nickel steels, with! various ~ percentages of
nickel ; chrominm steels, with varions penécntagc of * c}nomlum.
almmmum stecls, with various pcrcentages Uf alumunum tunqsten
' ‘stcels manganese steele silicon steel, oxdmmy arbon. steels in
various states of tempmmg, soft- annoalcd transforner iron, soft-
iron wire, and the same.irons hardened by rlmmmm ring.  For most
of these samples of steels we were indebted [to Mr.[R. A Hadfield,
of Sheflicld, wbo kmdly furnistied them to 0110 of us'in the form of -
wires, : v '
Theso short steel mngnets were then all “magnct sed to ** satura.
tion” by placing them for a few moments ‘between the poles of a
powerful electro-magnet. Oune by one th¢} were then placed in
position béhind the magnetometer, and the' deflectjon produced on
“the ‘magnetometer needle obsérved. Im any paxtklculm caso this
deflection may be taken as approximately’ 1éprescnt ng the mtcnslty .
of magnetisation of the sample, although, owing to the varying sizes
of the eample and distance from the magnetometer, the deflections in
the case of different magnets are not comparable with one _another,
and cannot be taken as indicating the relative mt%nsmes of mag-
netisation of two different samples. This, however, was ot impor-
tant, as our object was not to. comparo the absoluto values of the -
. magnetisation of different classes of steels, but to obscrve the mode |
6t variation of the magnetisation of any one sample when cooled
from ordinary temperatures down to the tempemhu of liquid air.
The method of procceding was then as follows:~Having adjusted
the image of the lamp filament to the zecro. of the|scale, the small
, madnet undcr observation was placed behlnd the magnetometer, and
the deflection of the magnctometer noedlq ‘observed. A small
vacuum. Jacketed cup, filled with liquid mr, was t}\(n brounght up
underneath the $ample, and by its aid the magnet oled suddenly
n situ Lo a temperaturc in the nexghbourhon of ~4186°C. Inthe °




- ﬂﬁlg_rie(z'.se(l ‘_19‘0‘1;‘,1§~¢, 5(:00[4,3;1 to 7 emper&_{w_-e rof ‘: {:iqyzg'd A"" v5_‘.)

many cases this sundden ¢ooling immediate

a .considerable percentage of its: magnetisation, «mfd» the magnetic
nid?ﬁent was-reduced. - This, however, was not universally the case.

- In some cases, as in that'of the chromium steels, the first effect of
+ this sudden cooling was an incrcase in the magnetic| moment of the
. magnet;.in other cases hardly any change in the rjagnetic moment
atall.  The vessel.of liquid air was- thon removed, 4nd the magnet
allowed to heat up ag'a'in,,{‘.vhich it very: quickly did, to the tempera-
ture of the room, or rather to a temperature 4t which the deposit of
;mg out of the

feil e s

.snow formed upon tho needle immediately jon com

liquid air, fally melted. |This was taken ta be at about 5° C. It~

was found that cach magqethixd,([‘cttain ])t:cuzliaritiesjof itsown. o+
‘Taking first the ordinary carbon stecl:(a sample of knitting.needlé ’

steel) we observe the following facts:-- - Ef | S
Kuitting-needie Steel (a) ,’I’empercd'(}'lasé_ {[ard.mﬁ‘lne first ‘effect
of cooling this .magnet was. to diminish th ~magaetic moment by -
6 per cent.  On allowing the magnet to heat up again to the
‘ordinary temperature, the magnetic momelﬁt,still farther dimin.
ished by about 16 per cent. -On cooling’ again the magnetic moment
-increased 10 per cent., and froni and after | that time cooling the.
magnet always increased the magnetic mo nent, and allowing to
lhieat‘up again to ordinary temperature a?fways iminished the
magnetic ‘moment, the magnetic vhonient at|-—-185° . being aboTt
10 per cent. greater than the magnctic moment at -?j(’. The first :
citect, therefore, of the cooling -was to permanently diminish the
magnetic moment, but after a fow alternations of heatipg and cooling, .
the magnet reached a permanent condition. in which its moment,

- when cold, was greater than its moment when warm. [These changes
of magnetisation may be best represented as in the d_in*gm_m i fig. 1,
in which the firm lines represent to some arbitrary sc le the moment
:0f the magnet'when at its ordinary temperature of 5° C., and the
dotted lines represent to the samo scale the moment of the magnet
when cooled to —185° C EEE , .

Kuitting-needle  Steel (b) Medium Temper.—The sameo . general
results were "obtained with knitting-ncedle steel -t mpered to a -
medium temper.  Tho first effect of the coolitig to the low tempera-
ture was to diminish the moment of the magnet. On dllowing it to
heat up again the moment of the magnet diminished stjll more. Tho

- hext cooling caused anincrease of magnetio moment, gnd from and
after that time tho steel settled down into a permanent condition in
which. tho magnetic moment was. greater at —185° C. than at 5° C.
by nearly 20 per cent. of its value at 5° C. (sco fig. 2). ’

.. Knilting-needle Steel (¢) Annealed Sbf!.ml‘ho}sa.me neral course
of events was noticed in the casé of the knitting-needlo stecl when
made soft by heatiing to a red heat and al'lo*\s?ing it to cool very
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Fie. l.wKn{tting-needle st,cél" (glass hard)

“slowly. In this case, however, the first dimintftjon of magnetic
moment was still greater. Oa first immersion 1;1 the liquid air
the magnet lost about 33 per cent. of its momen On allowing
it to heat up again to 5° C. 1t still fulther diminighed in moment,
and from and sfter that point it arnved soon &t a permanent
condition, in w}nch its moment, when cold was greater than its
moment, when warm by 30 per, ccnt of its momcnt at C ‘Theso
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¥ie. 2-——I\mltmg r.ecdle steel (medlu m temper)._
changes of the medulm- and soft- tempeled stcd are represented
by the lines in the diagrtams 2 and 3, in which thg firm lines are

proportional to the magnetic moment of the maguaet at 5> C., and
the dotted lines pnoportloml to tho magnetic momeht at —185° C.
It will be scen that, in the case.of this carbon stéel, the effect of
softening the steel is to make more pronounced the effcct of the final
tempervature changes; the charigo of moment caused by coolmg from
the ordinary temperature to the temperature of liquid air, when the
permanent condition has been reached, being in the chse of the g]as&-
hard &teel an increase of magnetic moment of aborit ]2 per cent. ; in
the case of the same steel wnth a medium temper abdut 22 per cent

‘and in the case.of the same steel* tempered very soft dbout 33 per
‘ceut. (see fig. 3).

Chromium Steels.——Obscrvations were then made with the magnets

Aof chromium steel, having respectively 0029 per cent. 1:18 per cent.,

0'44 per cent., and 9°18 per cent. of chromium. Injall these cases -

~ the first effect of coohng the magnet was to cause at once an increase
of maguctic moment, and the subsequent hcatmo up again to the ordi.
- nary tempcra.ture caused a decrease- of maTnetlc r}

oment, These

3
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magnets arnvcd altu di
which the magnetic momént, w ‘he
‘netic. moment when “anln by about 12 :
magnetic moment ip the ¢aso of -these niagnets is slxown' b) the dia-
grams 4, 5, 6, and 7, in which the firm lmc§ répres ‘nt the, magnetlc
moment when the magnet‘ isat '5° C, and thi
netic moment af --185° C. . It wi)l be- see¢ thel’éom, that .n _the
“case of the magnets there was no sach initial’ decreaﬁe of. magnetlsa-
tion as in the¢ case of the carbon steel magnets The analysis of these
steels was furnished to us by \Ir Hadfield, and is appended to the
“diagrams.  These steels are all m thcn hard condition, and possess
‘considerable cocrcive force. . 1
Aluminium Steels. —*Fh# aluminium steels e nploye | had the follow-
ing percentages of aiuminiam, viz.: 072, 1'16, and 1'60. In all
“these cases the first effect of cooling the magnet ma o of these steels
was to cause a very small diminution in'the magneym moment, but
not more than abont 2 pc-x cent. (sec figs. 8, 9, and 10). The subse-
quent rise in tempcraturo of the magnct aga n" to its ordinary tem.
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F1c. &-—Aluminium eteel. ho. 9, ~-Alumm um stecl, '
Al = 0-72 - AL = 1°1¢
C = 020 C = Q26
Si = 012 Si = Q15
Mn = 0°11 Mn e Q11 -
Fo = 93'S5 " Fe =90432
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i o
- F16. 10.—~Aluminium stcel
Al = 160 -
C = 021
Si = 018
Mn = 018
‘ - Fe = 9783 - }
perature, caused ?. still further fall in magneuc moment, and from
and atter that po‘mt the effect of coolmg dowr to the temperature of



s produced n

m'\gnetlc moment
It will be seen,
m steels in this
respect, that whereas in ‘the chromium steels the ‘ﬂ‘ect of the first
coolmg 18 to cause an mo‘reaeo in maguetw tnoment;,' in the case of
the aluminium steels, the effect of the first cooling was to cause =
“decrease of magnetic moﬁ\ent although mucfl small 1% lclatwcly than
in the case of the carbon | tecls. | -
Nickel Steele.——-luxperu 1ents wero then made thh mples of .mck‘el
steel containing 094, 382, 765, 19:64, and 29 per cent. of nickel..
These steels exhibited some rather mtc:csth peculiavities. In the
case of the nickel steel with 0-94 per cent. of nickel, the effect of the -
~first cooling in liquid air was to causc a vely small decrease in mag-

"“llqmd air was to cause the magnet to possees a
_ about 10 per cent. greater at —185°C.than at 5° C.|
“therefore, that these ste 1s differ from tho (-hromm‘

~ netic moment (see fig? 1?) vtmd the subsequent hezjitmg and cooling
e TR
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- Fi1o. 11.—Nickel stecl. |
Ni = 004
C = 0°'13
Si = 023
- Mn == 072
- Fe = 07:08

' brought the stecl into a condmon in “hlcb lts magnetic moment,
when cold, was always greater than its magnetlc moment when warm,
by about 10 or 11 per cent. In the case of the tJrlckel steel with

3-82 per cent. of nickel, the effect of the changes
- was very similar (see fig. 12), and also in the case of
~ having 7°65 per cent. of nickel the order of the chan

of temperature.
the nickel steel
€8 WAS not very .

different—in this 1eipect that the magnetic moment when cold was
N B BN S NEITETR RS
oA sol A4
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Fig. 12.— Nickel stecl. ' km 3-—-\1c:cl steel.
‘Ni == 382 o ;Ni = 71°65.
C = 0°19 0 = 017 .
Si = 020 Si = Q28
Mn = 065 Mn e (68
Fe = 0514 - . Ko = 0122
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© Magnétised Iron, §e., cooled to v"l'e'mﬁe«m»lujfé;Qof’Lz'\q}u‘id

greater than the magnetic moment when warm, when the permanent
state had been reached. Bat it will be noticed from the diagrams (see
fig. 13) that in the case of the 7:65 per cent. nic!;‘e'lvsteél‘j{ the effect of
the first cooling was to cause a slight increase in jmagnotjc ‘moment. A -
" remarkable peculiarity, however, was found in the case of the 19:64 per
cent, nickel steel. In this c‘ase'tho'eﬂ'cct'of'th'(fa ﬁrst:c}mling was to
cause a_very considerable reduction of 'magnétief mome ‘?'t,, very nearly
50 per cent., that is to say, the magnetic moment fet'i instantly, on
cooling in the liquid air, to about. half the vag'ue that it had at the
beginning of the expérimend On taking the magnet out of the liquid
air and allowing it to warm Lp again to the temperature of the room,
the magnetic montent immediately increased again, and from and after
that time tho eflect of the temperature change on the magnetic
“moment was such that the| magnetic moment when cooled to the.
temperaturg of liquid air, _wal‘-‘s always less than the magnetic moment
at 5° C. by about 25 per cent. of the lalter value.. These relative
changes are shown in the diagram (fig. 14). Theso experiments
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" Fro. 14.~Nickel stecl.
"~ Ni = 1964
C = 019 )
Si .= 027
Mn = 093
- Fe = 78°97

100°00

with the 19 per cent. nickel steel were repeated a greal many times,
aud always with t#ie same general resulte. The sample of 29 per
_cent. nickel steol was then examined, and it was found that the mag-
netic changes produced in it an heating and éd#yling were of the same

- geueral character as in the case of the 19 per Tcnt. salrmk', only:less
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e
marked.: Steels having _‘th‘c_s'c high percentages of nickel are, as Dr.J.
- Hopkinson has-pointed gtwt,”,';vnlai'kﬂb:g'ffor";ho wido range of tem-
_@;ﬁfx{«llre, within which they can exist ifi two states, yno considerably
-magnetic; and one ;practi{;\lly non-magnetic or but fecbly magnetic.
In these two states their mechanical and other physical properties are
entirely different.  In the éxperiments her¢ mientioned, the nickel
steel samples were in the ?mgnétic coundition., They are put into this
condition by dipping for ane moment in liguid aixj,’anﬁl,!arc only trans-
formed back into the feebly magnetic condition y beating to a
" cherry-red -heat. - The 29 1ppr gcht. samplo of mickelstecl being in the
" magnetic condition was'n ‘fféﬂﬂtked by contact with the poles of the -
+electromagnet. On cbolinlg it in liquid air it immcdibt—ély lost about
20 per cent. of its mgmenﬁ,’ on warming up again to 3, C. it lost about
5 per cent. more, and { r01T1 and after that pofnt } remJ\imrd in a condi-
tion in whigh cooling the magnet to - 185° LO caused its moment to
become about 10 per cent. less than it was at 5° C.  Hence the 29 per |
~ cent. nickel steel “exhibitls the same quality bat in a less marked
" degree than the 1Qper cent., in that its magnetic morient is decreased /.
" by cooling to —}85° C., and recoveys again on hegting up to 5° C.
“In this respect the two' samples of nickel st(tcl diffep from all other
samples of stee! which we have examined, in that they bave a negative
temperature cceflicient for magn‘&fﬁo moment change with tempera-
“ture, after the first change on cooling has taken place.

- Pure Nickel.-~In order to sec if this peculiarity extended to puve

nickel, ‘we examined the behaviour of a small magnet made with

Mr. Mond’s puie nickel, but we found that. such :'1; nickel magnet,

magnetised to satnration, behaved exactlyf as did n carbon steel’
magnet (seo fig. 13). The effect of the first cooling to the tempera.

ture of liquid air was to diminish the magnctic morpent.  On allow-

" ing the magnet to heat up again to the ordinary {temperature the

moment diminished still more, and from and aftep that time the .
behaviour of the magnet was perfectly normal, that is to say, its

magnetic moment when at 5° C. was less than its agnetic moment

at —186° C., bat only by about 3 or 4 per cent. of the latter valae.

Silicon Steel——A sample of silicon steel, containing 2'G7 per cent.
of silicon, behaved in a normal manner (sce fig. 16). The magnet
experienced a permanent dimination of moment on cooling for the
first time,-and after that, its magnetic moment when cold was greater
than its magnetic moment when warn. .

Soft Iron.—In order to determino if similar changes of magnetic
momient could be produced in the case of soft annealed iron, small
magnets. of Swedish iron were prepared, formed ? a short length,

. about 15 mm., of soft iron, or a small slip of annealed transformer
“iron. On magnetising these in & strong ficld, and tpsting them with
‘ | #*Roy. Soc, Proc.,’ 1890, vol. 47, p- 138. '
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the magnctometer,

was found that the first

diminution in the

xome cases prodneced a

“the first sample of jsoft. iron,
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¥ta. i6.~Silicon steel.

Si = 267
C. = 0‘29
~ Mn.= 025

Te = 9683,

into a |J shape, with ends about 10 mm. apart, and in this case the
‘changes of maguetic moment, as shown in fig. 17, yere similar to
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¥r16. 17.—Soft iron.
‘those in the case of the c‘atj*bon steels, only'wi“th‘fvevy much narrower
limits of variation. The first cooling hardly prdduged any change
whatever in the magnetic moment of” the magnet. On allowing it to
- heat up again, the magnetic moment was very sliglilt!y diminished,
and thenceforth the changes of moment were such that the magnetic
moment was greater when the magnet was cold th%ln when it was -
" warm, byabout 2 or 3 per cent. of the latter value. In the case of &’

" straight, soft iron maguet, formed of anncaled transformer iron, the
curious fact was noticed that whereas - rapid coolin; of tho magnet
by plunging into liquid air higrdly prodpced apy effect on the maguetic
moment after the first initial-loss of magnetism had taken place or.
¢ooling, the effect, of a slow:cooling down to the jtemperature of

--185° C. was always to prodace a permanent dimitition of magnetic
moment.  I{ence the magnetism of this soft iroz.t}ample could be
_frittered away by a process of “slow cooling to —183°C., and inter-

rediate heating up to 5°C. These qmsngesi of mofient are repre-
‘sented in the diagram of fig. 18. o\ "t . f
Hard Iron.—A sample of the sam

* was tested, and was found fo behave in a geigl} similat manner to the
| “ - ) . L R

: _i‘o\n,‘\lijardenedil by hammering,



ﬁfdg::d{&d Tron, §e.s-cooled to -1'12»-,5)7“;»»&:;4

' ragid Sow R
501 W%awk e
] ] 'S f . g W : - . 1
T ,I,IolaIor@!wof.vfw,rmabmm-,dw
s : v o b b 4
cl,;lgl::»-n_n': !l:lvl:l:lil:l

Fio. 18.-~Annecaled tronsformér;'ir"on.

L] }

' y ,
AR ER RN

. '

S BT A 4 A e

+ ' p ' ] !

. [] T ] | :

1 [} ' [ ] ] '

' ' ; ' ' !

a 4 ' ' ' '

' . B ) i
: L ' M ' ! ' {‘ v

ol B s 3 b b - LI B

F16. 19.—Hard transformer iron.
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glass-hard carbon steel (selp fig. 19), the changes in magnetic moment
being relatively about tho same percentage for the same tempcrature
change : that is to say, the magnet had a moment of about 10 per
cent. greater at —185° C. than at 5° C. B - .
"~ A series of tungsten steels were then ex“amincd,‘ having respec-
-~ tively 1, 75, and 15 per ccnt. of tungsien in them. _

Magnets were prepared of these steels, both in the glass-hard con-
dition and in a carefully.annealed condition. Mhese steels were found
to resemble tho simple carbon steels in that the first effect of cooling
the magnet to —186°C. was to causa & .diminutipn of magnetic
- moment, and the subsequent warming up again.to 5°C., a still fur-

" {her decrease in magnetic moment. From that time forth cooling -
the magnet always cansed an increase of magnetic moment. Tho

offect of incréasing the percentage of tungsten jvas to cause &
deoreaso in the variation of the magnetic moment over a given tem-
perature range.  That is to say, tho hardened 15 pdr cent. tungsten
steel temporarily lost magnetic moment to the extent of about 6 per
cent. by heating up from —-185° C. to 5°C. when jonce the initial
condition had been passed. The 7'5 per cent. ta gsten steel lost

moment to the extent of about 10 per cent., and tho 1 per cent. tungsten

steel lost moment to the extont of about 12 per cent. when the tempera-
tures rose between the same limits.  As regards these tungsten steels,
softening the steel caused the magnetic moment to decrease by a
greater percentage when heated up from —~185°C. t 5° C. than was
found to be the caso when the steel was in its hard condition. A
sample of manganese steel containing 12 per cent. of mangancse was
rendered magnetic by heating for 24 hours' to'a dhll red heat. A
small magnet prepared from this steel was found capable of retaining

|
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‘magnetism. On coohng it to ~185° C., it sjmhtly Vwroaeed in mag-
netic.moment, and on heating up again to 5°C., its magnetic momont
deoxmacd to the extent of about 3 per cent, of its moiLnent at —185°
There Wwas no - initial decrease of moment in this case, In tln.\
respeet, sherofore, it rosembled the, chrommm steel Tngnctq

Broadly speaking, the results so far obtained aro: i

(1) That_tho sudden cooling to the temporature of liquid air
usually pcrmmlcntly decreases the mngnetw mom(yt of short mag.
nets made of many varictics of steel, assummg th 'm to have l)e(n
initially magnetised in a trong field. .

(2) ']lnsmnhal decreaso is found both in| harden d steels ln\mu v
- great coercive force, and L1]50 in the same .st?e]s; in g '11 soft or annealed
condition, and 1s e%pccnally compxcumm in the case of the 19 per cent,
nickel steel. } : | : : :

(3) In tho caseof most stcols 80 hr cxamihed, the cifect of cooling
. magnets made of them to —185° C. is to #cmpora‘-i‘ly increase the
. magnetic moment aftcr t}.o permanent magiletic condition has been
3 1eachcd : | - “
. (4) The exceptions to the. above rule so fm noted are the nickel
"-htecls with percentages of nickel from 19 to 29 pexl cent., in which
case the magnetic moment is always décreased temporarily by cooling
. —185° C., after the permanent l]lagllﬁtlc condmon has been
x(achod !

(5) It appears from theso e\pcrnmcnts thaf, one of the best ways of
ageing a permanent magnet is to dip it several times into liquid air.
- Tt then arrives at a constant coridition in which subs equent Tsapera-
ture changes have a definite cffcct and 3n \slnch the subpermaient
magnctism is removed. . | ‘ '

A. Flemmg“ Clmnr}es procluced in

N ote added \[as

.Smr‘c the 19 per cent. mckel steel m'lgnet increqses in magnetic
~moment when heated from -~l6.)°(,ato +5°C., and|since it is well
 known that at some higher temperature it would lose magnetic
moment altogether, it was considered very desirable ito ascectain $he
temperaturo at which it would have its maximum mggnetic moment.
The magnet was accordingly heated (on April 2)|in an oil bath-
"gradually up to a temperature of about 300° C., and the deflections of
the magnetometer observed at intervals, both as the {emperature rose
and as it fell. The result showed that this nickel stecl magnet con-
tinued to increase in magnctlc moment, untll a temp m!une of al)out .
80° C. was reachod and the magnetic moment thdn hegan to. de-
crease, ‘
"Ata tempcxatme of +800° C, thc momcnb of the magnet was not
much greater. tha‘n_ it was'at —185°C. On cooling down again from
. * J‘ v) ' ° . s ‘vv B
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_ x‘[agnelzsed ]1 on, ;jw.,

300° C., the moment mcrea

led o 1 emperalure of ]Aq

\m Azr 71

sed but, not to tho samc mamnum as_

before, and on rcpeatlng the eyclo of temperature from. about 15°C. to

300°C., the magnetic momer t gradually varied, in ‘the

manner shown

in fig. 20, and the {empcrature of maximum mflﬂllet!c “momeut
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g fuluall) shlftcd upwmds to.about 56°C. Tln$ mavnel is, therefore,
an interesting case of a sample of steel which, w hen mjagnetised, has
a maximum magnohc moment at a certain tc-mpemturo.
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arand J. A. Fleming. 'On f;he I'leclmcal

\

- On the ]*leetncal Re 1stw1ty of Blsmuth at the (-mpem- :
~ ture of Liquid AlﬂLE By JAME% DFWAR, ,'LL.D IF.R.S,,
Fullerian Professor of Chemistry in the Royal lnshmhon,'
and J. A. FLeEmive, M.A;, D.Se., F. RS, Pro fmSor of Flec-
trical Engineering |in Unl\'(}lSltV (‘dllege, Tondon, * Re-
ceived May 19,-~R¢ 'ul June 4, 18‘)6 :

In ihe courso of last ear wo pubhshed some obscrvations (sce"
 Phil, Mag.,’ Scptember, ibQ’» p 303)* on tho clee mcal resistance «
of ‘bisniuth at the temperatures of liguid and solid nir, in which
the resistivity of certain s ‘ mples of bnsmuth Waq meagured at various
temperatures down to tho t cmpemtnre at which air solidifies.” Theso
observations showed, som{‘ anomalous rosultg In the case of twe
~samples of bismuth used by us,, .and prepwreé by dl&crent chemical
means, it was found that the lcsxstlwty reachicd a mn{nmum value at

& temperaturo of abont =-80°% and that after that point further cool.
-<,ing increased tho electncal rcqlstunty of these samples of the etal.
. In the case of another sample of commercial bismuth, the resistivity

cnrve ‘was a curve of double curvatare. Thesé results, together .

~ with the high absolute valuo of the remstwnty of thelsamples, caused
“us to feel a strong conviction that dltfcﬁ‘ent results wounld be
obtained with bismuth prepared by an clectlolyhc mothod. Somo
observers, particalarly M. van Aubel, who have investigated the elcc-
trical properties of bismuth, have expressed the op)m}n that bismuth.
cannot bo pwpared in a state of perfect purity by any
Finding the chemical methods of doubtful utility, e accor dingly
solicited the assistance of Messrs. Hartmann and Bpaun, who havé
devoted a large amount of attention to tho pncparaho of pure electro-
lytic bismuth for the purposes of constructing spiralg of bismuth for
measuring the strength of magnetic fields. They kindly prepared

for us at our request a considerable quantity of ibismuath by an
electrolytic method, which examination showed to (be exceedingly
pure, and this metal was pressed into a uniform wire with a diameter
of about half a millimetro. This electrolytic bismyth is very soft,
and in the form of wire can bo bent without difficulty. Resist-
ancé coils were accordingly constructed of this wire, of a form
suitablo for use when measared in liquid air and at lgw temperatures.

In the case of one resistance coil, which may ho denpted as clectro-
Iytic bismuth No. 1, the ‘length of the wire cmployed was 80:85 em.;

the diameter of tlns wire was carefully measured wnt I & microscopioc -

. “’lhe Variaticn m the Electrica) Resistance of Bmmuth hen cooled to the
Temperature of Soh(\ Air,” Dewar and Fleming, ‘I’lnl Mag./ September, 1895,

p. 303, .

|
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chemical means. =
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nty placos, theso «‘hamotc '8 }mvmg very -

,nem“ly equal values, gmd a mean value of O 05245 c¢m.| The bismuth =

wire 80 propared was moun ed ona suitabloe holdex, an
was taken at scveral different temperatures {md in

its resistance
iquid air, the

* temperatures bemrr in all ¢ascs mcasurcd by our st&ndavd platinum
- thermometer P,¢ :

i

uremcnts were as follows .‘

3/3Lance in

# For details of ﬂns thermomoter, sce Dowar and l'lcmmg

T'emkeratufe in Platinum Degree\;

.. Tho results of ‘theso men e
. Y, ' |
- : Rcsxs_tmty of }J'lcctrolyhc Bxsmmh No. L.
,Tvmimmture Obstrved }(L‘{f(’;”g"“y ti" .
J) atinum | resistance in per cu‘;:;é * Remarks. e
cgrecs. ohtas. centimetre. '
+60°°3 40357 133250 At ordinary i.enipc rature, .
+10° 4:316¢ | 116180 R o
~61°-2 . 3:127% 83590 In ether cooled with solid car.
R ‘ bonic acid.
~202°-2. l"62_56 40780 Tu liquid air.
- Tho curve of mcistivity‘plottcd from these data is ihowr,x in fig. 1,
‘. and in tho table tho valuo of the resmtmty‘_of bismuth in C.G.S,
' units per ‘cubic centimetre is given above. | These| values of the
resistivity show that in the case of this pure clectrolytic bismuth
Fro. 1.
— ’Oﬂm{é
- ‘v ; . g.
L b
) 50,000
P T
; 1 . '.nLh',/ :
i LG BFW 1.7 /00,000-“
N
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on the *“ Thermo-

clectric Powers of Metals and Alloys at the Boiling Pomt of anuid Air,” ¢ Phil.
Mag.,’ July, 1895, p. iOO. . ‘
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there is no tendency of the resistivity curve to a minimum value.
Down to the lowest temperatures reached in these experiments, the
resistivity of bismuth continues to decreaso in a perfectly regular
manner, and in such a way as to show that it would| be no exception,
in all probability, to the ordinary law, that resistivity of pure metals
vanishes at the absolute zero of temperature. On comparing the
vesults of thess measurements with those in' the fox-“x‘n'cr experiments
made with chemically pfn"Fpar'c;d bismuth, it is scen that tho electro-
~ lytic bismuth used by us has a very mich l:o'wcr resistivity at 0° C,,
“ yiz., 108,000 units, and it has a lower value than that given by

Matthicssen for pure b‘is{nu’th, which is 129,700. We have, then, an
© additional indication tha‘t the bismuth used by us in the experiments
" in 1895 must have contgincd sufficient, th‘oiugh slight, impurity to
maﬂ(c‘dly alter its resistivity, and to changcﬁcn(irel)f the character of -
the resistivity curve. Wi%t'h this electrolytic bismuth we have repeated
the experiments which we made last year, ‘on the|variation of the
clectrical resistance of bismuth when placed trapsversely to the
direction of tho force in a magnetic field, land when cooled to the
- temperature -of liquid air.. For this purpo'%o‘wc constracted a flat
spiral of the clectrolytic bismuth, so .arranged that its resistances
could be measured at ordinary temperatares, and at the temperatare
of liquid- air, by immersing it in a flat vacaum-jjcketed test-tube,
both when in a powerful magnetic field, Jj\nd when merely in the
terrestrial ficld. With this electrolytic bismuth wo hav
observation which we mado last year, with a small .iainple'of clectro.
lytic bismuth, viz.,, that the cffect ‘of a given trapsverse magnetic
field in increasing the resistivity of bismuth is immensely increased
by cooling the bismuth to the temperature of liquid{air. The figures
“in the following tablo will show the actual results btained in these

last oxperiments:—.

Variation of Electrical Resistance of Electrolytie Bismuth in
Magnetic Fields of different Strengths.

e ez i o e e e e o -

Magnetic fleld strengths in C.G-8. units.
Tempera- |-~ e S e .
ture in . WP :
| platinum Zero. | 1400 units, | 2750 umt's‘.‘ ‘ | Remarks,
dcglrccs. B e -
g }Res:istvanée of bismuth coil. ;
ohms. ohins. ohms, . | R
- +20° 1-679 1:700 1792 At ordinary temperature. -
—-202° 0°'5723 174485 | 26801 | |Inliq hid air.
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1t will thias be soen that whereas the xmmersu(m of t,jo electrolytic
bismuth wire, at ordinary temperatures, transversely in a magnetic
field of strength 2,750 C.G.S. units, only mcreésed its resistance by
about 6 per cent., the imme ‘ ‘
netic field increased its resistance to more than four and a half times
- when it was cooled to the temperature of liquid alr. and the cffect of the
~ cooling with hqmd air is more than nullified by, the ﬁeld s0 that the
bismuth cooled in liquid air|and at the same tlme placed in the field
has a'resistance of 50 per cent. greater than it was when not cooled
and not in the field. We are engagcd in extendmg thesc observa-
“tions To stronger fields. . .

The behaviour of electrolytic bismuth in fields of vanone strengtbs
and at various._ temperatures, from 0°'C. to 100% C., haq been studied
by Mr. J. BB. Henderson (see * Phil, Mag.,’ vol. 38, 1894 p. 488), and
he has given a series of curves showing the vanatlon o{ resistance of
bismuth between these texApe:%tures for ficlds of strength varying
from zero to 22,700 C.G.S. umts Our obscrvations at|low tempera-.
tures are quite consistent with Mr, Henderson’ ? curvcs His curves
indicate that at lower tempomtures the effect of any given field in

“increasing the resistanco of tho bismuth becomes more- arked

Pressed to its limit it would appear that | pure lnEmuth which

would in all probability be made a perfect’ conducbor by reducing to
the absolute zero of tempemture, would be then conberted into a
non-conductor if at the same timo immersed in a magnetic field- of
sufficient strength. Both M. van Aunbel and Mr: Hehderson have -
_pointed out that the tempemture coefficient of bismutl at any given -
temperature is quite altered by placing it in a magnetic field, and it
will therefore be a matter of great interest to éxaming the effect of
an exceedingly strong magnetic field-as blsmuth whe cooled to the
temperature of solid air. ' '
" By enclosing a bismuth wire and a platmum thermo noter wire in
the same mass of paraffin wax we have been able to measuro the
. variation of resistance of the bismuath from the tempemkune of liquid
air up to ordinary temperatures at a number of intermpdiate points,
and to determine the resistanco both'in a zero magnetic field and
in one of known strength, but the results we wish to ireserve until
we have had the opportumty of repeating them with sgtronger mag-
netie ficlds.

sion of the same wire in the same mag. .
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“ Un the }‘.lectncal R smmty of Puwﬂﬂqrmu
perature of Liquid Air.” By JaMES DEWAR,
" Fullerian Professor of Chemlstty in tl)e-Royal Inshtutlon,
;and J. A. Freming, M.A,, D.Sc., FRSr Professor of .
Electrical anm?iﬂng in Umvelsxty College, London. ’

‘Recelved May 19,-—Read June 4, 1800

Although the electrical resistivity of mbrcm‘y Y ordmary tem-
“peratures has been caref\‘xlly examined by many ob ;el vers, and accu- '
“rate determinations madp of the spccific res stance® and tcmpemturo B
caefficient, and in addmon an examination made o{ the variation of
reslst\nty in- mercury when cooled to- empera ures as’ low as.
-100° C..+ wo consuicled it wonld be of mteres _to cxamine the
behaviour of pure mercury in respect of change in “electrical resist.
ivity when cooled to tho tempemturo obtained by the employmenti of
- boiling liquid air. Wlth this object wo pt cpmcd a sample of very

~,pure mercury in the followmg manuer : O dinary distilled mercury

. was shaken up with nitric acid in tho usual manner to
- ‘metals, and then carefully dried. It was then intro
~ glass tubo formed of hard gla,ss This bent t%be had

freo it from other
luced into a bent
both ends sealed,
it could be con-

“and'a sido tubo connected in at the bend, by which

‘nected to & mercury vacuum pump. Two o# three hundred grammes
~* of the mercury was then introduced into ono, ‘bend, and a high vacuum
made in the tube. The side tabo was then éealcd off from the pump,
and the mercury distilled over from one leg into the other. For this
- purpose, ono leg of the bent tube was. placed in ice and salt, and the
other submitted to a gentle heat just sufficient to make the mercury
distil under reduced pressure without evor bringjog it into active
- ebullition. In this way the mercury is dlshlled ver at a very low
tcmpemturc, and tho portlon condenging in the cooler limb of the
bent tubo is entirely free from any contamination with silver, lead,
zine, or tin. By performing this distillation two i threo times snc-
. cessively on the samo mercury, a small quantity of mercary is at laat
obtained in an exceedingly. pure condition. A iglass spiral tube

- was then formed of lead -glass, consisting of &
internal diameter of about 2 mm., and a length
This tubo was bent into a splral of sbout twelve
~ tarn boing ncarly 2:5 em, in diameter, and. the ¢
provided with enlargcd glass ends formed oi wider

~ # “The Specnﬁc Resistance of Mercuey,” by Lord Rayleig]
(Phil. Trans. R, 8., Part 1, 1883). Sce, also, Mr. R T. Gl4
Oct., 1885), for other values.

¢ Cailletet and illouty (C'ompl Rend 100, 1188 885)

|

tube.

fube having an
of about 1 metre.
closo turns, each
nds of this spiral
The spiral,
\ and Mrs. Sidgwick
zebrook (Phil. May.,




; at the Temperature of Ji
after being cleaned, was then very carcfully filled w th the purified
mercury, and by running the mercury through a spiral several times,
all air bubbles and air film were finally removed. Into tho wider
cnds of the spiral, amalgamated copper clectrodes wero intipdaced,

* consisting of copper wire |44 mm., in diametér; the wider termina)
ends of the spiral were th‘cn ‘closed by paraffined corks to keep the

| I?é;statzi;ily'bf’,’lfercu_:_‘ qud Air, 17

copper electrodes in position, This spiral,” full of lmercury, was

placed in a test-tube, and p‘amﬁih;wax cast round it 8o as to encloso
it entively, leaving only th‘}e copper electrodes ;‘prétmd‘ng. In order
to determine the temperatoro of the mercury in tho glass spiral tube,
a platinum wire, the resist nco of which was known atall tewpera-
“tures down to the t,empémt ro of liquid air, was also embeddced in the
paraflin wax ¢losely in contact with the glass spirpl, and proper
elcctrodes brought out to etablo the resistance cf this platinum wire v
to be determined. This mass of paraffin wax was then cooled down
in a.vacuum vessel kept ﬁllLd up with liquid air until the wholo mass
reached the temperatore ff the liquid air,: "'Th}é,"gkas‘s spiral and
thermometer ‘enclosed in wax was then removed frqui the bath of
liquid air and placed in & vacuam-jacketed test-tube, jn order that it
might warm up with extreme slowness to tho ordinary temperature |
of the air, | o = |
Having in this manner cooled tho mass of paraffin enclosing the
glass spiral filled with m¢roury and tho platinum resistanco wire
entirely to the temperature of liquid air, a series of observations were
takon with the aid of two observers, ono measﬁuring the resistance of
the mercury by a Wheatstono's Bridge, while at' tho saime time the
other observer at another slide wire. bridge measured the resistance
of the platinum wire, these observations being taken quito simul-
~ tancously, and continued whilst the mass heated up|(rom —197-9°
(platinum temperature) to 0°. Al proper corrections were then

applied to correct for tho resistance of the connectingwires and the . .

_bridge temperature; and the observed resistance o the platinum
wiro cmployed was corrected to determine from its fesistanco. tem-
peratures in torms of the standard platinum thernoeter employed
~ by us in our investigations on tho thermo-electric power of metals .
“and alloys (sce Dewar and Fleming, * Phil. Mag.,’ July, 1895, p. 95).
This standard thermometer has always been denoted by the letter P
The following table showstho corrected resistanco of the mercury
column and the corresponding platinum‘tem‘peraturés-, as also the
specific resistance of the mercury calculated from t{o accepted re-
sistivity at 0° C. :— '- | :




~ Resistivity of Pure Mercury in C.G.S. Units at vations Tempera-

" tures in Platinam degrecs.

Platinum temperaturd, pt, | Observéd and corrected || Rest t itv of mere
| in torms of tho standard | ieeance of mg::ug 'egri c's;:s %n_y_p oméréury
- platinum thermemeter | 104 o) ivalih ohms, _ In glass In U5,

, P,. - lead g ass spiral ih ohms, : units.
-197°9 . : - 070351 ' 16970
o =197'8 © 00850 | 6970
=197 - ~ 0°0551 . e 6970
~1969 . 0-0566 - A Y
=195 2 ' |- 005681 . . 7860
~191-2 . 00601 : - 7600
-182°7 bl 000641 ' , 8100
<173°2 000721 8 9120
~168 4 - S 00761 . - 9620
-1651 ' 00781 . 9870
15774 00836 | | 10570
1497 ‘ 0-0886 C ] 11200
-1430 00931 . - 11770
~1319. . o-1011 ~ - i} 12780
o ~128°3 | 0:1041 118160
STy ~12209 : 0°1081 13670
S —-1176 - b 001121 © 1 14170
~1084 | | 0°1191 ] - 15060
~-1037 0423t | | 15560
- 970 . 01281 | 16200
< - 91°1 ) 0 - 013831 ' 16830
—~ 850 S 01381 1. 17460
- 731 < 041432 R 1K . 18100
- 731 . . . 01482 ] 18740
- 674 . 071832 . 1 19370
—~ 632 - 01582 | | 20000
- 576 1 ~0°1632 - - | 20630
- 5§26 T 0'1?82 S 21270
- 4849 - 0176 [ I 22160
-410 | o-m‘a‘g’; o | em80
- 460 ] o883 ~ | . 23810
- 44°9 _ 01033 | 2140
- 442 . 0°1983 1 25070
- 435 : 0'2033 26700
-- 430 02183 : 27600
—- 424 0+2283 28860
- 42°1 ¢ 02383 , 30130
- 41'9 . 02484 : 31410
- 41-2 02584 - 32670
- 40°8 02784 . ‘ : 35200
- 40°6 02884 ‘ ) 36460 -
—~-404 03184 | | 40260
- 897 0°3585 S -1 45330
~ 39'6 - 0+8885 ] 49120
— 894 04185 ~ - 62920
-~ 398 04385 " 65440
~- 391 , 04785 il | 60800 .
-~ 9887 | - - 08186 Lo 1 65570 T
- 8885 | 05488 . || | 60360
- 383 o188 . | 7| 18160
-8 06088 | 76950
E . :
|




Platinum temperaturs; pf, |’

in terms of the standard. |

_platinum therniometer | 4
M

)bserved and corrécted 'l Resist iv‘irty of mefcury
ceistance of m,ercurg, in |- inglass in C.G.8.

- W

ad glass epiral in o | units.

0-6387 | some0

~ 376 (

—~ 372 . 06587 - : | 83280

- 367 o678 | | 85810

- 860 07087 - | 89600

- 852 07208 | | 91140

~ 337 07228 1 ¢ o130

~ 812 07248 - |} | e1840 "7
o - 07440 = - 1 04070 .

+ 1311 07618 0 95060 <

+ 163 . 07540 | 93330

+ 8574 07653 Sl 96760

T

Adopting tho value for the specific resistance of pure mercury at

0° C., which has been recommended by the Bjard of T'rade Electrical

" Committeo, viz., 94,070 Q.G.S. units, we havé reduced the observed °
“resistances of the mercur‘b column at variouEs tempdratures to their
equivalents in resistivivy in absolute units, mﬁkd\pla d theso numbers
against tho observed resistances in the table above. | As the specifio
resistanco of mercury has been so carefully obsgrved by many
observers, we did noi,lorfa moment, consider, it necepsary to attempt
a further determination of this constant. | On. plotting out these

values of the resistivity of mercary in the {orm of h curve in terms -
of the corresponding platinum temperatures, we find the resistivity
curve has the form shown in fig. 1. It will be oticed that the
resistivity of the mercury decreases gradually from the point at
~ which the observations finished, viz., at +35° C., to the temperature
--36° on the platinum scalo. At this point the relsistivity rapidly
dJocreases to about one.quarter of its value in falling from —~36° to
—50° and this sudden chaugo all takes place within tho range of
about 14° of temperature. At the temperatare of ~50° on the plati-
num scalo the resistivity curve again changes dirgction, and con-
~ tinoes downwards iu such a dircction as to show that if produced
along the same line from the lowest temperature actually obsérved,
viz., —~204° on the platinam scale, it would pass oxactly through the
absolue zero of temperature on this scale, which is ~283° pt. Itis
“also interesting to noto that tho part of the curve which corresponds
to the mercury in the liquid state is"almost exactly parallel to that
part of the curve which. corresponds to mercury i | the solid condi-
tion, although, owing to tho differerice in tl;me absoluto values of the
resistivities at theso parts, the temperature coefficents as usually
defined aro very diff In the solid condition between the ter:
peraturcs of —197°9° and —97°, the mean increase in resistivity is




" ‘temporature —352° and 0° the mean increas in re

Tcm,wrdcwo in Platinum Oegree

9314 C.G.S. units per degreo rise ofltempe;jatpm

scale; between —-108:4° and ~57-6° the mean incre;
C.G. S units per degree is 109°6 ; in the llqmd conc

units per degreo is 83'2; temperaturo’ m¢asurem
platinum scale as above deﬁned Ie may‘ "be stat
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Centlgmde scale is denoted by ~182° is, on QT

¢ platinum - scale
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T
5 8¢,y of Tron at 1.
derived from our staudard ‘thérmométcl', denoted by -L196:7°. This
would show, therefore, that tho 'tcnipem'l%rcf‘codﬁc‘ij‘e,nt as usually
defined is 0:000884 between —35° and 0°% J - o
Theso observations are specially interesting as givivg additional

proof that in the casc of & metal.of known purity the variation of
resistivity, as the metal isjcont,inuously' cooled, is suc 1 s to indicate
that it would in all probability vanish at the absOllﬁfc zoro of tem-
_perature. In the case of 1‘ ereury, we are ab_loi to obtain a metal in a
stato of almost perfect ch’enrical parity, and Wh}ch, when continuounsly
‘cooled, passes into tho solid condition under circumstances which are -
_ entirely favourable to the provention of stresses in tho interior of the
metal, duc to cooling. These measurements,  therefore, afford a
further confirmation of the law which we haveo chunciated as a
deduction from experimental observations, that the plectrical resis-
tivity of a pure metal vanﬁhcs at the absolute zero of temperature.

Magnctu ]’é;mmbzht

ow Temperatures. 81

“On the Magnetic l’cﬁneability and Hysteresjs of Iron at
Low 'J.‘em[_)er_aturesi” By J. A: Fremine,! M.A,, D.Se,,
F.R.S., Professor of Electrical Engineering|in University
College, London,-and Jawes Dewar, LLD; F.RS,
Fullerian Professor of Chemistry in tjxo Royf\.l Institution,
&e. Received May 27,—Read June n].r1891 .

Although considerablo attention has been paid fo the changes

produced in the magnetic propertics of iron, particularly its magnetio
permeability and hysteresis, at ordinary and at higher temperatures,
but little information has béen obtained up to the|present on the
behaviour of iron and stoel as regards magnetic propertics when
“cooled to very low temperatures. =By tho”omployknent of largo
quantities of liquid air we have been able to conduct o long serics of.
ozperimonts on this subject, the results of which wo proposo hero
briefly to summarise, leaving for a future commt"nication fuller -
" dotails and discossion of the results. The experimental work has
consisted in making measurements, chiclly by hallistic galvanometer
methods, of the permeability and hysteresis loss in'certain samples of
jron and steel, taken in tho form of rings or cylinders. Tho first
experiments were concerned with the varviation of the magnetic
permeability of soft iron under varying maguetic forces, the iron
being kept at o constant low temporature, obtaitied by placing it in
~liquid air in a stato of very quiet ebullition in a vacugm vessel.

& This is.in close pgreement with the values obtdin}'wd by Guillaume, Mascart,
and Strecker for temi)omtm?es between 0°C. and +30°0C.
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“Noto',on tho Dievlgctri_ Cbnstant of Icc and ‘lCU]lOl at very
Low Temperatures.” By James DewAr, M.A., LL.D,,
F.R.S., Fullerian Professor of Lheimstny ‘m thc Royal
Institution, London, and J. A. FLEMINO -M.A,, D.Se.
F.R.S., Professor o Electrical l‘mgmccrmg‘_ in Umvelsm
College, London. Received Janumyh 27 — j,e.ld February
25,,1897, T P

Of late years many careful detcrmmahons ]mvo beon made of the
dielectric constants of water and ico by dnffg: ent obscrvers. These
evaluations may bo divided into two classcs. Firstly, thoso which
are, strictly speakmg, eterminations of tho specitic indactive
capacxty of tho material, and  have been nmdo by m tasulmg the
- change in the capacity of acondonser when Watov r jce is substi.
tuted for air us the dwl‘ectrlc Secondly, thoso which aro really
measurements of tho eloct:u,al 1efract1vo mdex of water or ice for
clectric waves of various lengths, and whxcn havo |been generally
made by obtaining tho reduchon in \mvc-lcngth exporionced by an
“electric wave on passing from air into water or ico. | The square of
this refractive index or the ratio of wave- lebgth rof uction is thcn
“taken as the diclcetric constant. L :

In*order that results thus recently obtnmcd may bp compared, we
have collected into two tables (I and IT) somo of tlu1 values for the
specific inductive capacity, and tho electric refrachvo index of water
for waves of various lengths. ' P

The determinations of the specific mductnvo capacity quoted all
- appear to have been made by methods which, whilst excluding, or

believed to cxclude, error amsmg from the COh(lll(,thﬂt) of the water,

may yct be regarded as giving the value corresponding to com.

paratively slow reversals of clectromotive foreo or to \tavcs of infinite
wave-length,  Tho electric refractive index observations have been
nmade by using electric waves of lengths in aif \arykng from 8 mm.
to 600 cm. .
~ Two very careful determinations of the spoclﬁc inductive capacity
of water scem to bo those of W, Nernst (800 at|{17° C.) and F.
Heerwagen (= 8088 at 17° C. ), and that of J F. Swmale is in close
agreement with that of Nernst. :
 As regards tho clectrical refractive index, it will by seen that the

determinations of P. Drude for waves of 70 em., which give p =
895, and hence" /4 == 802 at 17° C, and th‘oso of Cohn and Zce-
man, which give j == 891 and p* 2= 79:39, as a mean -value for
waves from 155 to 560 cm. in length, are in'fairly close agrecment
with one another, and with thc best deter mmahom of specific induc-
tive c'\p'tcnty ' ‘ :

» I : . ) ‘



C(mstant of Ice and. Alco/«ol ae wry Low lemp ;atmes. 3
T;z le I.»—Det«om,xnatlons

_ of tho Dlefcctuc Const\ant (Speclf‘c.
' ‘Induct{vo Capacity) :

(K) 9f Water b) Vanous \‘ cthods.

_Obsorrc‘r. I Rcfgrcncb."’ f‘O’!l‘lll:lde r 'P_ :
| S B e
W. Nernst .. .%]mts phys. Chem.,'! 8000 at Ih condenﬁcr bulamul on a
171894, vol. 14, pp.; 17°C. Wheatstone's -~ bridge ar-
22633 - o ‘.t ranigement |using a tele-
oo ' " _phone as detector.
C. B. Thwing ' *Zeits. phys. Cliem.” | 955 - By resonance of two electrical
1894, vol: 14, .pp. circuits.  Capaeity in cach
, S 256‘-300 ‘ ndjlustedto dentity.
" L. Gractz and ' *Wied. Ann.,’|1893,1 735t By deflection|of a dielectric
L. Fomm " vol.5%, pp. 626 ~blO S elhfpsoid suspended in water
: ; . inan eleetrig field.
T. F. Smale ., ‘Wied, Ann.’|1896,]| 8005 . By using an clectrometer
' ' - vol.57, pp. 21 —~222 _ filled with water.
F. Heerwagen « “ Wied. Ann.,'| 1893, | 80'8S at . By hsmg a deuble efpetro-
vol. 49, p. 279 17°C. ¥ incter, one filled with water.
I Rewrsals of polvarity +2-~85
. i per second, | '
‘A. Franke....! “Wied. A\,m.,'j 1803, | 81:65 at - By using a fouble electro-
vol 50, p. 163 17°.C. meter and réversals of pola-
. B ; N rlt} made by an induction
o . P - - cotls
W.K.Rontgen ‘ Wied. ‘Ann.’ 1894, | 840 i By alternate| curgents and
vol. 52, pp. 59.3~bO() : ’ »3 condetiser, |
E. B.Rosa ... Plil. Mag, Sthser., | 76°7 at ! Bs thmon of plates of a
i vol. 81, 1891, p. 188 ; 25°C. . condenscr, plernating po-
: _ ' - " tentials used. 2000 to 4000
! i re\ernls pe mmut(‘
i . i

FEDPUUISE s i R

The general results show that the square mot of the specific in-
ductive cnpacnt) of water ag determined Dby relatively slow-speed
clectrostatic” methods is expresged by a number whidh is not very
different from that which denotes tho refractive index of water for
clectrical waves varying in lcngth from 8 pim. to GO0 cmn. Maxv
well’s law is, therefore, fulfilled in the casc “of- water undcr these
conditions. ) '

The - general cvidence at dwposal does not indigate any very
marked dmpmswc power on the part of water for lelectric waves .
varying in length between the above: .named limits; tlough the care-
ful results of P. Drude in 1896, for waves from 40 ‘to "OO cm. in
length, taken Ly themselves, indicate a slight normal dispersion,
the refractive index increasing with decreasing wave-length. Change
of temperature has a marked effect upon the elect ical wﬁactne
index, and conclumom cannot bo drawn, thorefaro, rom the com.
- parison of observations not made at the same temperature.
~ There is, howo\er, no such good agreement between the results
of these two cla&sés of ph) sxcal mcasulcment fn the casc of ice.

-




i
-
_4

. OMMe f‘Dielech'ic,

ing

°

aaem 0}

B ]

4 - Jl’i‘qfs.. J. Dewar ang

. msocﬁf 30 5A% A oL 205 ayesy 30'() xorur OATORIFOY WO

.

H
418 Wod} u.:%c& uy z&wcs.u ABM O :&5.51 | S agxttoed T
T «5.55"..«? usgfe&aa a0U207] 3O I Agg W 9ERI—+LT 018 o w6l 0.6 " 2te ...,::Q WY Cpudy , | teee epyorzwp ([
_ | - , “ YGR 1 “
: . ! R Poad. On T26-R “ JaoquBunzug  cuapy, *wlwwy 'y
“ooes | _ LT |
h AN 0 J18 :5.C RS o ] | ¢ «Lr.f Juwepansuy _ usumaoy,
gﬁvwﬁ@rgﬂ: no.mvvanrd v.ﬂ:.ﬁ@mf ) Y 3.» 6.6 168 “ nz .—~.¥=§___._ N ~. ~.=x<. d pus wye) .
T T 4 |
komgooo.f;ﬁx.o £Z.88 = e : o T ! W
T oamgua ...8 ! “ 008 | 0908 R6-Q ! | i
[T mx.cs.» " vnso g "4OJEM 0} 41V WOody ey 2001w £O.6 | 394 dd .mm. oh o
uﬁwﬁ_wﬁbpwsﬁ R4V JououNpaa pMNNBIN [ . ob L 9-8% $1.6 | C9BR1  JUGY  CPILAN, | tTrtrrtopmI(
s s ” P i B 3 e S
i L . «dvpp Med ‘0l lon o
.mﬁyaz WOV O oo:ﬁo.tS:_ £q: “ a8 98 SN .6 SaeqsBunzig Cudtpy, Pee o duwy uoa *A
o : ﬂ . L 018—06% dd g ey 1 i :
*240Q8 6% OUIVS | “e | ge-8L ox.8 ‘9uST uuy E. WEARRARAE L I 8 4
.8?9,3.« g 1ousox 1 furl{idduiq o pojsnorwd | . dd o .
puR. 0f jO GOUIPIDUL G JNEM JO DIUIINS " L 1362 68 s A.cwﬂ .:; S N '
WOSJ PIROPIL SAWL JO LJWUDRUL PAINBRITY “ oo POPO. LL 8.8 ..EMH AT .EE& o), puB sudquy R
, “I8aQ VN W] uNJBA 03 AT WOdy Cozow (D) %68 | 061 “dd ‘e oA | .
&W_:wa_& U0 (3BU[-0ATA JO GOTONPA PIINNED I ! 0L e (O WL T1) 20-6 1 '9CRT TUUY  CPOLAL, [CTTTTTTOPMQ L
20%M0j dW8 wody 1 B e i goyg—gey dd ‘cg [oa
a::ﬂ& 10 Y38 ud[-0a8Mm JO UOLINDPI poInswRIy | wo gL LGe-CL L8 fGERT  uuy TPOTAN, tttTrt opna(] .w
J0jeM 03 d18 WOy | . 1oLe—z zog dd ‘g "[0A .
wnaoaa a0 YISuo[-oa8m 3O E.s»:?: PMDSEOL L «ad 009—00g | 12 6L 6.8 |‘cesl Juuy pa Ao o ropna( .u
B [ . L
, M * i ; n.‘. PO _51“‘. E—
.u)?., i o e : “,..-i....laiz.w,.‘. 1 - T T ¢
. R ol ame ur pesn : i S
L L T TPORP : ‘ | soaum 3O punoy onjey "OIPIIIOY “ *I0AL98GQ0
Co : | IBUI[-0A8 M | w , .
- s K S i : . e e ,
o .ESM:E.Q? A

.SOJMA Oam« .«O mﬂO;a«—ﬁEaS&AHi ‘11 Oﬂawﬁ'ﬁ

S

%



cohol at very Low Temperatures, 5

|
M. E.'Bouty (‘Journal de Physiqué,’ Zi,S.';'%o], 1;.l¢‘¢392. p: 454)‘
found by a ,sl:d,w‘-spc‘c’d mcthéld a value of 78'8 for the s 1}eéiﬁc induc-
tive capacity of ice at -—23° C, and npwards, whilst | R. Blondlot'
{* Compt. Rend.,’ vol. 119, 1894, pp. 595--597), using electric waves
“and measoring the ‘wavc-leg‘\gftfhs‘ in_air and in ice, found 1:41 for the
" electric refractive index of ice, and hence the number 20 asthe
“value of the dielectric constant” of ice at a temperature nct stated,
but presumably not far bclO\“‘ 0°C . A
Also A. Perrott. (‘ Compt. Rend.;’ vol. 119, 1894, p. 601, also
‘ Compt. Rend.,’ vol. 114, June, 1892, p. 1528) found the veloe 143
for the refractive index, and hence 2:04 for the squa{ of the elec-
tric and refractive index of ice.  C. B. Thwing, working with electric
resonance, and therefore very rapid réVersAsils,f gives (f Zeits. Phys.
Chem.,’ vol. 14, 1894, pp. 286--300) 3-36 at -2°iand”2'8f at —5°C.as "
“galues for the diclectric constant of ice. | : |
It seemed desirable to endeavour to throw light on the reasons for
these differences by an examination of the dielectric constant of ico.
at very low temperatures.* We have accordingly applied the method
and apparatus used by us in the latest determinations of the di-
“electric constant of liquid oxygent for the p(ﬁ;rpose f making an

Constant of Ice and A

examination of the diclectric constant of ice and frozen ethyl alcohol.

A condenser was coustracted consisting of; three yery thin con.
centric. brass tubes about 20 cm. in length. The cxtreme outer and
inner tubes, having diameters of 374 and 3 ¢m. respectively, were
_connected together metallically at the bottom, and formed one plate
of the condenser. -An intermediate brass cylinder 3:37°cm. in dia-
meter was suspended between the inner and outer tabes, thus forming
the other plate of the -ondenser. This last plate wasrinsulzi(ed and
suspended from the ofti‘\ers by providing it with _smat wire attach-
nents, which were, passed . through the holes in six glass beads
wedged in between the inner and outer corinected cylinders at the
top and bottom as shown in fig. 1. This condenser w s contained in,
another brass cylinder closed at the bottom, and then had its dielec-
tric forued of ice by filling the annular space betweer the cylinders
with distilled water_and freezing it. The. terminal wires from this
condenser were ‘connected to a rapid contact maker driven by an

¢ Note added February 15,1897, Sindo this Paper was preserjted a comm{micg.
tion has been made to the Roysl Society by Dr.'J. Hopkinson snd Mr. E. Wilson,
in which they describe experiments’on the dielectric constant of ice. These authors
gnd that the specific inductive eapa_cily of ice, when measured with electro-
motive force reversals having 8 period of from 1/100 to 1/10 of a second, 13 3
number of the order of 80, but if measured with periods such ag 1 108 of a second

it is » number lcss than 3. .The difference they ascribe to residupl charge. Hence
it is clear that these observations are in accord with thoge of Bouty and Blondlot.
4+ Fleming and Dewar, “On the Dielectric Constant of Liquid Oxygen,” ‘ Roy.

Soc. Proc.,’ 1896, vol. 60, p. 358. Sce pote added Docember 18, 1896, p. 363.
. \ . ) . o] o
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electrically controlled tuning fork. The tuning fork used made 124

complete vibrations a second, and was made, by mcans of a mercury
cap and steel stylus dipping into it, to close an electrical circuit 124

“times every sccond, and thus drive "synchronously an electro-mag-.

netic contact maker, which placed one terminal ¢f the cordenser
alternately in conncction with a battery of fifty lithanode secondary
cells, and with a sensitive galvanometer. The other terminals of the
battery, galvanometer and condenscr, wero .connected together. In
this way the galvanometer was traversed by & rapi%.ecrios ‘of electric
charges, which have all the cffcct of a continuous current, The
galvanometer deflection remains perfectly steady as 19ng as the battery

. voltage is unaltered. Other things remaining the sa}mc, the galvano-

meter deflection measures the capacity of the conderjser. In employ-
ing this method, tho galvanometer may be arranged so as to be
affected by tho series of discharges of the ‘condenger, or it may. bo
placed so as to bo traversed by tho series of charges of tho condenser.

I the cor}denscx% has any sensible lcakago oiﬁ. diclectric conductivity
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this will show itself by making the galvanometer readi gs in tho two
cases uncqual.  Mr. Petave , who assisted us in theso observations,
and to whom our thanks are due, arranged & convenient switch-
ing device which enabled . tho galvanomotm";tov have- its position
in tho circuits instantly changed to- tako ‘eit‘hoﬁﬁ the charge
corrents or the discharge currents of the condenser, and the
equality of these readings is taken as an indication- that no sen- -
~gible leakage takes placo jacross the dielectric during tho passage
" of the contact maker from one stop to the other.  This mecthod of

exchanging the position of .ithc galvanometer fulso- ‘cliEninatcs errors

duc to the setting of the scale, as the deflections are on opposite sides
" of tho zero. The above-described arrangements having been made,
the ico condenser was cbol% down to the tomperatare of liquid air
by immersing it in the liquefied gas containéd in a| large vacaum
vessel. . | v o e o
* In order to take the tcmplcratnre of th,e»condc:hser a platinom wire re- .
gistance thermometer was placed in theinside of the inner'cglinder and
_in close contact with it. The ico having been L‘educed in temperature

to —185° C.,or — 198° platinum temperature, the capacity of the con-
denser was measored. 'l'hoi condenser was then raised bt of the liquid
air and allowed to warm up very slowly, and its capacity taken at
various stages as tho temperature rose. Befoi'e and after the experi-
* ment with the ice the capacity of the condenser was taken when the

metal cylinders were at tho temperature of —185°, bjit the dielectrie

L

was gascous air at that temperaturo instead of ice, ayjd the vesulls so
obtained enabled the dielectric constant of the ice to pe calculated. .

These experiments being to a considerable extént preliminary
experiments, and intended merely to explore. the gr und, we do not
_make any particular claim for the accuracy of the nymbers as deter-
minations of a physical constant. - We are arranging improved
“methods for vepeating tho whole of theso measur¢ments. All we
desived in the first instanée to do was to examine thé mode in which
the dicleetric constant varied with temperatare and|ils approximate
magnitude at each temperature, “The following Table 111 shows the
~ observed value of the dielectric constant of .ico between —185° C.
(—198° pt.) and about 2120° (—130° pt.). 'The voltage used on the
condenser was 241 volts, and kept perfectly 'conskant during the
whole time. In order to ascertain if the galvanometer deflection was
really duo to the scquence of capacity charges or discharges only,
“and not to any measurable admixture of conduction lcurrent through
the ice, n resistanco of 1,000 to 90,000 .ohms jvas occasionally
inscrted in tho galvanometer civeuit, and the absencd of any observed. -
chango in the galvanometcr deflection wa$ taken [as a proof that
sensible conduction did not interfere with the trup capacity effect.
The galvanometer used had a resistance of 500 ohms. -
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[n the followmg table thc tempelatnres are’ gwen in terms of
platinum temperaturo (pt ) as_defined by om stm&dard platinum
thumometer L SHRT ; X ‘

"T'able 1I1. -——Dnclcctn ic Constant of Ice at Vanouq‘_ Tompemturos.

heﬁuency of Fork, 124
g 'lvmpemture in| | Seale readmg e
. platinum degrees | | or galvanometer D“;“?t‘; ";‘:
| by standard defleetion in c?)fs'. &
: tlwr.nometer | centimetres. of tee.
, ‘ ! .
pto |
' - ~1980 56 283
-~197°8 56 283
~1976 60 303
~182°0 625 31 ‘
- 176 % 64 324 |
~171°0 68 344 3
 -165-7 T2 3 ‘64t :
-161 8 76 3 -84 l
- =1597 80 . - 404 :
1552 88 443 ;
, ~150°8 10°0 503 |
RS T 1046 654 !
1432 C 17 5 -0 (
-1417 127 643 |
~1400 134 677 ]
| ~188°5 14°1 7°15 !
N P - 137 55 151 r 7 6.
-~136-2 165 8-34
‘ ~-134'5 - R A 8-94
l -133-2- : 18°0 9-1
-~131-0 ' 21°8. 11-0
~130°7 1 e300 16|

A ot e et e s |

With the above froquency (124) the conduchnty of the ice. bpgnn to make itsell

felt at about =130° pt.

The above numerical results are plotted out in"a|curve it fig. 2
They show clearly that the dieleetric constant of the ice increases
. progressively from a valuo of about 2'8 to 116 betwe e tho limits of
~198° and —~131° pt. Morcover, the trend of tho.c carve shows that
at the absolute zero the dielectric constant of the ice would probably
1ot be far from 2:0. With the above arrangements wo. were not able,
- partly for want ‘of time and partly because of the very moderate
frequency of the tuning-fork, to take the dielectric constant at hlc{hCl
tomperature, but thig we hope to do before long, ‘and/also to examine
thc effect of varying the frcquamy of the contact maker-

% Seo Dewar and’ Flemmg, “On the ’l‘hcuno elcctnc Pow r of Metals and
 _ MIO\s.” ¢ Phil, Mngq July, 1890, p 100. :

Sl
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The broad gchcral result which éxnerges from thése experitﬁents is

* that at a temperature of —185° C. we find a valug for the dielectric

constant for ice, when using relatively very glow reversals of

" electromotivo force; which is not very different from that found by

obsgryers using roversals of many millions per second by the use of
02, . . - : 'y o .
eldetrical oscillations or waves, when working at temperatarts of:

- 0° C. or a little below.

0. B. Thwing (*Zeits. Phys. Chem.’ vel. 14,/1894), using an

~electrical resonance method, has cxamined tho |variation of the

diclectric constant of water with temperatures from 0°C. to 88°C,,.
and found & maximum value of 852 at or ncar the temperature of

, : .
-, maximum density of water.

It secems therefore to be a matter of somo importance to measure
the diclectric constant of ice at all temperatures from the lowest
which can be reached up to 0° C., using various freguencies of alter-
nating electromotive force, and to explore tho modo of variation of the

dielectrio constant with témperature and with frequency throughout
this range. The point which especially needs to bo cleared up is

_ whither the di‘%\lcéh'ic constant of ico1s, or is not,/ more changed by
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", change of frequency of the electromotive force than is the, case with '
water. It appears certain that as far as water at 0° C. is concerned,
the dislectric constant and the square of the electric refractive index

* is'a number not far from 80, for waves having wave-lengths between .
8 mm. and infinity, or for electromotive force reversals having

° frequencies varying from 37:5 x 10° to zero. On the other Land,

. the yalues found for ice at or a little below 0° C. seom to indicate a
dielectric constant of 78, when using very slow .oscillations; and a
value of about 20 when using oscillations having a frequency of
- some millions per’ second. , . . |

It is clear that in this matter there is still room for further investi-

. gation. It is evident, sinco the optical refractive index of water is a

number lying between 1'3 and 1'4 for waves having a wave-length of
000005 cm. or reversals having a frequency of —400 X 10%to 700 x 107,
 that water may be regarded as presenting the- phenomenon of
anomalous dispersion beyond the range of the visible spectrum,

. . because the refractive index for waves of a length of 0'8 ¢m. and

" apwards is & number not far removed from 89, and this number

% +Js very much greater than that for wave-lengths of the order of

' visible light. . o -

et

Within the octave of wave-lengths comprising visible light the
‘réfractive index of water, lies between 1-3 and 1'4. - We know very
little about the refractive index of water for the fourteen octaves of
~ radiation lying beyond theé extreme red end of the spectrum, but we -
* know that water has very considerable absorptive power for a large
- range of thisradiation. The next ten octaves beyond the last, include
 the range of the Hertz radiation or of wave-lengthsfrom § to 500 cm.
in’ length, and. for all this the refractive index of water is approxi-
.~ mately 89, Tt remains to be seen-how the high value is connected
~ with the low one, and whether Uy variation may be properly
. regarded as a case of anomalons disfersion analogous to that found
" .in the case .of an alcoholic solution of fuchsine within the range of
“the visible spectrum. It is evident that since the dieloctric constant
" of any oné substance, such as ice-water, is a fanction both of tem-
perature and time, it can best bo represented geowetrically by a.
~ surface, which may. bo called the dielectric surface, and which is
defined by the co-ordinates representing dielectric constant, tempera- .
ture, and frequency of electromotive force reversals. R
- | The details of two determinations of the dielectric constant of ice
at —185° C. are given in Table 1V. S '
| The same readings were obtained both with 90,000 ohms and
: IE)OO ohms in the galvanometer circuit. - )

' The above ﬂggog/of observation roqniré two c’brroc'tioiis'.to be
~ applicd. In-the first place, tho pins which support the inner con.
- xTan'sor plate, and which pass through glass beads, have a total area

B '2:2!’!‘ .
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"Table 1V

{f_/..

L-Bmss Condcns r ﬁllcd wnth sthlicd \V&

o
A

lcolml al zerJ Low /empcmture‘.g.

11

jler and frozen

Jintd Tee. Tee rcduce(+ to --185° C. by uso of Liquid Air.
| { T j i A
Deflections of Dcﬁcctnons of | SR
balvanomctcr galmno?ncter - c:’rﬁli:lsafs%f' galv?xfn ?:‘(tcr
when in charge | whenin dnschargc . s I
circuit. : circujt.. ; condensq;. 1]  deflection. *" ;
L ‘ M e
. 22'4 em. , 23-45cm. 101 ‘1 \'Qi;ti | 22-93 cm,
i .'j 22.8 1) ] » ':?23"00 1) 101 1 ’”"j . ", 22 '90 ”
AL 2285, | 23350, 1017, 22492
? - . . PR s — " 1. et e
Mecan galv anometer deflection| = 22917, Frequcncy of contget waker 124,
Mean roltagc on\*ondeneer 101 ‘1. o

of 0'4 sq. cm., or 017 per cent. of the area of the condenser plate, -
and taking tho specifie 1ndu¢tue capacity of the glass as cqual to 30
when cooled to ——185° C., it can be seen that the glass
085 per cent. of tho (-{}'cctnc capfwlty of thb condenser when the

diclectric is gascous air at —185° C.

Tn order to determine this Iast capacity the
capacity. taken at 20° C., air being the dielec
codled in liquid air.and thcn lifted out into the

brass cor

supports form

1dcnscr had its

knc, and then it was
cold énscous air at a

temperatare of --185° C., lymg above the hqm‘d air, ahd in this con-

_dition the same réadings taken.
uadmgb of the galvanometer:-—

The fullowmg werd

‘the observed

, Table V —«Braf;s Condenser at 20° C., filled mth Gascous Air at

that temperature..

l‘xoquoncy of Contqct \fak

)

— ———— bt —

Peflection of ! Deﬂechon of
~ galvanometer | galvanometer -
“]mn in charge when in discharge
“cireuit, { _circuit, :
- :
832 cm 1 831 e
835 ,, { 8°30 ,,
. :

Volts on
terminals of
condenser.

| galvapometer

Hr, 124.

Mcean

defleetion.

-——

1010 voits.
1011 ,,

8:215 cm.
8-33% ,,

Table VI.—DBrass Condenser at —185° C.; filled withrGus'eous Air at

that temperature. l‘ncqucncy of Contact Maks T 124,
.' ] b. ’ 0 - o
 Deflectionof | Deflection of Volts on  Mean
galvanometer | galvanometer | terminals of galvanometer
when in charge | when in dmchargc oom!enser : deflection.
circuit. : “elecuit, t
8+30 cm. - 8t48cm. ‘ 1011 \ohs 839 cm.

I [
I
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The dnﬂ‘cwnce betwcon‘the moan galmnomctcr rc]d@e, viz., 831
: 'md 839, in the two last cases, is due to tho fact that the condcnse
capacnty is changed by t!‘c cooling, owing to the fact that the p]atcs
~ contract. The actual leYcrenco duc to the tcmpcﬂnturo of the air
changing from 20° C. to ~185° C. is very much smaller,and does not
- sensibly affect the capacﬂt) as far as the accuvao of the present
measurements is concerne , A
- There is, however, another con'cchon wlnch nccd to be applied,
and that is for the capacity of the leads and of tho contact maker.
Experiment showed that this was equivalent to 4'15 mm. deflection
of the galvanometer, and hence the amount has to bo deducted from
all mean galvanometer readings. g
The final result then is as follows :-— - | :
The specitic inductive Japauty, K, of tho ice at +-183° C. is very
nearly equal to the ratio ‘pf (22 ‘)17 007»0 415) to (839007
0'415), or K = 2:83.- i
The correction 007 is the correction for the capacity of the glass
separators, which is equal to 5x0°17 = 080t per cent. of the total
. capacity, and henco the remancnt capacity of tho con enser is 839 —
8:39 x 00085 == 8:39~0:07, The correction 0-415 is the correction
“for the capacity of tho contact maker and’ leads. |
A second determination 'was mado at a lower volta ge, the details of
which are as follows in Table VII. S .

n

' Table VII.—Brass Condenser filled wnth l)lstlllcd Water and frozen
into Iee. * Teo reduced to, —185° C. by w use of quuid Air.

Deflection of Deflection of i v ,
| olts on Mean
‘galvanometer galvanometer 1 0 b of ‘galvanometer
when in charge ! uhcn in dischargo | condenser. deflection
~ circuit, |1 cireuit. | ‘ :

A i ,, |

§-35 cmu. ‘ 860 cm, 36°1 volts | 848 em,

8°35 | 860 ,, Loss B8

- Mean galmnometcr deflection = 848 ¢,
Mean voltage == 361 volta,
Mean deflection for voltage of 1011 - 23 75 cm,

Corrected value of the deflection = 23:75--007. = 2368,

Qe _, 28680415
A * NS : : - 5% C. S = 20
Specific mdulhre capacity of ice at ~185° C 8 3220315 294,

Hence the mean valuc of the dlclccmc consmnt of ice at —185 (.
for slow reversals’ of elcctromotnc force is a numbel not far from
2 9. ‘ : :

We have in (ho same manner examined | oth)hc alcohol frozen
and reduced to -185° C.. |
' | o - i

—
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'en alcohiol as

[

The observations with aamo condonscr h
the dlelcctnc aro as follows G '

Table VIII —»Brass Condenser filled with"‘xj\:‘bébiﬁté‘ Ethylic Alcohol
Irozen and reduced to’é-v185;° c. - :

Deflection of Dcﬂectim'of ‘ , o |
Juvmonr | eseangnter | e % | e
circuit. cireuit. mndeuser. . dcﬂecuon |
1220 em. |y 12°80 cu. B0Gvolts || 125 cm. |
12'10 ., 12:50 ,, SRR ST B
1210, - 12:60 » ) 123 , 1
Mean gnlvh{noumtﬂ deflection = 1260, ‘
Mean voltago = 505, . | | ' .

Galvanometer deflection corrected for capacity of gl s3 scparators and also of
contact brcuker, and roduced to corrcspond toa voltage ?f lOl 1 + 24665,

Since tho ‘co'rrcctcd cap’ibity of the cbnde ‘qel' wh n at ~185° C.
and filled with gascous air at --185° C, is represented|by the number
7:905 = 839--007-—-0415, we have for the dlelcctqlc constant of
solid alcohol at —185°C. the value 24665/7 90.) 3 1?

In addition to measuring tho dielectric constants, the same experi-
mental aphngemcn .enabled us- to measure approximately the
diclectric resistgncoof tha ico and frozen alcohol at and from the
temperaturd of —-—18 C., and the fo"owmg tables give the approxi-
mate total xcsnstmncc of the condenser when the dieldetric consisted

—-185°C. - -

of these substances and was slowly allox\(‘d to

heat up from

Table IX.—Variation in the Resistance of an-Teco Condenser heated

up fromm —185°C, = —200° pt. to about 70° C.

¥

“ Pen perature of Resistance o

Temperatures

given in platmum degrees by standard platinum tlwcrmomotcr P,

f
~er

tie 1ce in the ice conden

piatinum degrees. in megohms,
~2000° - 262000
o 1722 - 56700
o - 1350 15700
S ~-126°0 11300
‘\ © 1084 7060
it 988 1700
S\ 052 3530

2x20
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Tempcratum of - Rosxstanc of
the icoin | _ the ico condenser
~ platinum degrees. e in megolihs,

"

T =0ls , 2090
—88'S o s
—88'2 I 1 R
—~844 | - 534 .
—82:3 ' 463

—1750 o 426
—-707 | ' 43

In the same way the resistance of the frozen ethylic alcohol con-
denser was taken at temp¢mturcs lying betwccn —185°.C., and about
—160 C., as given in tho tablo below. [

§
‘ |

Tabl('! X.m\'al'iation in Resistanpe of tho Fr"oien Alcohol Condéuscr
Temperatares given in Platinum Degr 108,

Temperature of o R csistn_ncaj of
the alcohol in | condenser in
platinum degrees. Integohing.
-=2000° 145009 .
-190 O o 4"')'6“
— 108 0 = ' o 1'0

The above numbers  cannot be consndercd ‘a3 more than moderato
nppxoxmmtlons, but they are sufficient w0 show tho njode of variation
of resistanco in the two cascs. - a

Tho values for the rehistance of the ico and alcoho] have been set
out in the two curves in f‘gs 3 and 4. ’

These figures show that in the case of the alcohol; ak soon as a tem-
perature of —190° pt. is reached the resistance begms to fall with
great rapidity or tho conductnvnty to go up. :

In the casc of tho ico the same rapid mcwaee n conducfivity
begins to tako place at about —90°, o

Wo have designed a form of condenser which will enable us to
repeat these measurements and free them from some sources of error
due to the differenco between the contraction of tho metal plates of
the condenser and that of the dieicctric; bat_pending -such more
accurato measurements the ahove - figures mny bo taken: as showing
~ approximately. the course of events when tho ice an flozen alcohol -

“are heated up from the tcmpemuuc of bonhng liquid 4i

We add two tables XTI and XII, giving some rcwnt determina-
tions of the dlclccmc constant of the cthyl alcohol,! the results in
Table X11 shomng that evidence apparcutly exists of abnormal dis-
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persion in the case of alcobol for electric radmtlon ly?ng mthm the
‘ lmnts of the ten octaves of waves comprlsed bct“ een wave-lengths of
X mm. and 9( )0 cm. measured in air.* - ’

Table XI. l)ctwmmah«ms of the Dlelectnc Constant (Specific
Imluctne Capacnty 2= K) of }‘,th)l Alcohol bv Vari ious Observers.

= Vilue i
Obscrrer. Reference found Methed.
per K. T ‘

W. Nerust ... Zeits. phye. Chem,” 258 .>l3y oomparing‘ capacities of

vol. 14, 1894, p. 622 : condensers with telephone. .
J.F. Smale .. *Wied. Aun,, vol.57, 25'8 By defloctions of an electro-
, p. 215 . . meter filled with alcohol.
E. B. Rosa... ‘Phil. Mag.’ vol. 31, '25:7 By attraction [between plates
1801, p. 188 of | condenser filled  with -

aloobol. Reversalsof EMLF. ..

- , . L o 2 m‘pﬂ' minute, '
* W.C.Rontgen - Wied. Ann' vel.52. 30°5  Byalternate cyrrentsand con- |
p. 593 “de iser (not of such “exght :

o ; pcﬂnps as the others here
guen) : :

\3
* The different results found by A. D. Cole for long and shor waves have been
criticised by J. F. Mobler (see ¢ Ph\sual Review,’ vol. 4, p. 103),Lwho ascribes the
differences to conductivity. It has, however, been shown both by E. Cobin and L.
Arons (“ Ann. der Physik u. Chienne,’ vol. 33, p. 13) and by G. U, Yule that the
addition of salte to alcohol, which largely affect its conduetivity, dtm not apparently
aiter perceptibly the dielectric constant, whether dclvermmcd slow or ra]qd
reversals of electromotive foree, '
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Pzpenmonts Tn Anneiled Suedzsh Iron. l

A cylmdor of iron was. fOﬂ med by wmdmg np a shcct of Sankey’s
best transformer iron (Swedish).* The width'of the strip was
4895 cm,; the thickness 0:0356 em. ; threo completo llayers of the
‘sheet iron woro used in formi ing tho core ~ Tho area of crosd-section
of the side of the cylinder s formed was O 5239 8q. cm.. Tho mean
diameter of tho eylinder was 3:612 em. This | cylmde of iron was
placed in a clay crucible packed with magnesia, the lid Juted on with
fire-clay, and tho crucible then raised to a bnght red heat in a forge,
~after which it was allowed to cool very slowly. The iron cylinder was
thus carefully anncaled out of contact with air or any material cone
taining carbon. This soft annealed iron ring was then wound over
with snlk vibbon, and two wi dmgs of silk-covered copper wire placed
upon it ; tho first or pnmaxy circuit consisted of 131 tyrns of No. 26
- double snlk-covcrcd wire; th# secondmy cncmtqomusto’ of 112 tuins
" of No. 36 silk-covered coppeﬁ' wire. . The magnetising forco to which
the ring is subjected whon a ‘current is sent through th‘ primary coil
~i8 measured by the valuo of 47/10 x the ampére-tury ,
_ length of the mean penmeter of the ring, and this, in the case of the
- present ring, reduces to the 'number 14:507 times the an pdre current.
~Tho magnotising force in absoluto units is thereford vory closely
_given:by the number obtained by multlplymé the current flowing
through the primary coil in ampéres by 14:5. Tho resjstanco of tho
* primary coil at about 15° C. was 6-92 ohm, and the res{stance of tho
secondary at tho same tcmpemtme 898 ohms‘ The secondary
cipcuit of this ring coil or transformer was then connected through
~appropriato resistances with a ballistic galvanomet r, having a
‘resistanco of 18 ohms. The primary circuit wa,s conneeted through
suitable resistances and a current reverser mbh a cifcuit of con.
stant potential. By these arrangements it was possible to reverso
a definito current passing through the primary coils, anllnd by observ.
ing the throw produced by the ballistic galvanometerr to calculato
the induction in the iron core. Tho galvanometer was ealibrated by
roversing o known curront passing through a long sélenold, in tho
centro of which was placed a sccondary coil of known tarna and
~ dimensions, which was always kept in series with the gecondary coil
~of the transformer. JIn this manner a series of obsérvations was-
taken with gmduqlly increasing magnotising . forces.. | Beforo com.

- mencing cach scrics of observations, theging was carefully demagnet.

_ised by passing through the primary coil an alternnitmg current,
“which was graduqlly reduced in strength to zero, the ring coil bemg
thus brought into a. magnetically neutml cond;uon n increasing

# This sheet iron was kmdly given to us by Mr R. Jenkma, to whom our thanks
ave due. - ; o | :
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scries of primary curvents was succossively ésséf ‘through .the
primary coil and reversed, the throw of the ballistic galvanometer -
being noted in each case. Tn the first sct of observations the ring was

“kept at the ordinary temperatare of the &ijf., 16% oy and in tho
gecond set it was immersed in liquid air, and tho following tablo
shows tho results, both for the high and for the low temperataro
obscrvations, - S . R

After taking a comnpleto magnetisation curve at th y ordinary tem-.
perature, the ring was immersed in lignid air, bringing its tempera.

~ ture down to about —185° C., and & completo scrics of observations
taken again in the same mannuer, prev,iquslyf having first carefully

Table I.-~Magnetisation Curve of Annecaled Soft Iron (Sankey's
: Transformer Iron). ‘ '
At 157 C. : ; © At - 186°C, (i ‘ liquid air).t
Magnet"isi.ng ‘ S FTSNUR €I 11T | Magnelisiné i N E .,
" foree > Induction. | Permeability. Torce. j:I‘nlductl‘ n. ! Permeability.
S B o T - B He
04725 1000 13790 1 0841 1189
0971 - 2000 12060 14174 | 1704
1174 | Booo | 2535 1°407 L 2132
- 1-378 4000 2003 1595 | 2508
1593 H000 3135 1-886 2651
1810 6000 3261 2-145 ! 2797
2-10 qoo0 | .o3333 |z 2869
2°68 5000 . 3101 299 L 2075
335 H0O00 2687 383 ¢ | ! 2350
4-47 10000 2237 5-08 i 1968
627 11000 Y704 705 | 1560 .
809 12000 1335 972 | 1238
12-35 13000 1063 “13°11 Lo 882
17122 14000 813 17-90 ! 8%
22l 14400 + 652 | 2135 1 670
i : ‘

demagnetised the ring as described by an alternating current. The
ving was then taken out of the liquid air, allowed to warm up again
to the ordinary temperature, and another complete s% of observations
~ taken at the ordinary tomperature.  ln this manner a series of
cighteen complete sets of observations wero taken, about half of them
being at 15° C. and half of them at -- 185° C In cogling the ring in
liquid air, it was found to be important to cool it slpwly by holding
it somo timo in the dense gascous air lying over t o liquid air. If
suddenly plunged- into liquid air the iron becbmcs hardened. It was
found that aftor tho first five scts of observations, which were some-
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;what mnablc, tbe annea!e‘d iron ring was brought into a co’mplctcly
stablo condition, in which ‘the curve of maguetic indugtion plotted in
torms of macrnet_xsmg.force‘ taken at the low tompcl aturc was different

from that taken at 15° C. tEya. perfectly constant amount, the observa-

tions at the low-temperaturo always lying on ono curve, and those at
the higher tempemture always lying closely on the other curve. In
the diagram in fig. 1 the two magnotlsatlon culvee are shown, the
firm- lmo curve being the magnetisation curve at 15° C., and the
dotted curve being the magnetisation curve taken at +~185° C. in the
liquid air. The figures in Tablo 1 aro the mean values obtained from
tho curves plotted from thcj thirteen sets of closcly consistent observa-
tions. These carves show that the permeability of soft annealed iron
is reduced when it is coolc}d to about 200° be‘ow zero, for the whole
‘range of magnetic forces between zervo and. 25 CGI\ units. The
permeability carves for the two states ave likewise similarly shown on
the same chart. The maxn#num pernicability fi}r this ipon wnespoods
with a magnetising force of about 2 C.G.S.| | units; | ‘the maximum
- permeability at tho ordma:y tempcratures for tbls iron is 3100, being
}.-'mduced to 2700 when tho iron is cooled to the tomperature of liquid
air,The perccntage rcduchon in permeability bcco::ﬁcs less as the
o magnctlsmg force is increascd beyond or reduced below this critical
* ‘magnetising force. 'l‘hese experiments were repeated, as aboxe
. stated, many times very carefully with tlus\rmg of annealed soft .
Swedish iron, and also with a sccond rmg of the same kind, and
_ have mmrlably shown tho same results, viz,, that the permeability
of soft annealed iron is decrcased by being coolcd tp this low tem-
perature within the range of magnetising forces frqm O to 25. It
will bo scen that tho highest induction reached in tho case of this
iron is 14,500 C.G.S. units, corresponding to a magnctising forco of
25. This iron is of very high-magnetic quality, and 8 of the same
character as that which is much used for the construction of alterna-
ting current transformers in commereial use. '

A series of experiments was then wade with the same transformer,
kéeping the magnetising forces constant, but allowing the iron to rise
gradually in temporatu’i'e'up from the temperaturo of liquid air to .
15° C. In thesc oxperiments tho transformer was embedded in a

mass of paraflin wax with a platmum wiro rm;xs.t;a,nc(l thermometer
also embedded in the same mass in close contact with the ring coil.
The paraffin wax encasing the ring coil and thermometer having
been cooled down to the tempemturc of liquid air by immersing it in
a large bath of the liquid air, it was then lifted out and placed in a
vacuum- Ja,cketed test-tube, so as to heat up. thh oxt:leme slowness,
and a series of observations taken by reversmg a constant magneti-
sing force at mterva]s, and observmg at the samo ingtant the tom.
perature .of tho ring coxl as given by tbe platmum thermometer.

T
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The resnlté of the(se‘ ob's_et;v‘a(rions are gi%eh m Téblej'tl, and‘» these

tare, the permeability of the soft iron for the parti
force selected increases perfectly uniformly, the curve of iucreasing
: pct-meability,with temperature being nearly a straig}’t. line. o

- Profs. J. A, Fleming and J. Dowhr. - Oif the

observations ‘are set out in the curve marked soft anncaled iron in

Table .lI.-—-Vm*iation of the Magnetic Permeability of Soft Annealed
: - Swedish|Iron with 'l'emp_eraituré. - :
| fxmgmmmgmwez177dcs.W 
~ Tempevaturec measured in platinum degrees by standard thermo-
meter P;. _ [

. Temperature. j'Pel'néea\)ilit-y.
o 0 - w83y | .
- 20 2815 :
— 40 - R770
— 60 2127
- 80 ' 9675 |
—~100 : P62 |
--120 - 2560
L —140 | LY
~160 1 2438
—180 . 2381
—-200 52332

The results show that as the temperature riées ﬁp from —185°C..or
—-200° on the platinum scale temperature, up to the (;\Elinary tempera-

lar magnetising

In the next place, we have examined tho hju"s'tcresis” of the same soft
iron ring at different temperatures and for different maximum induc.
tions. These observations -were carried out by taking a complete
series of hysteresis carves with the ballistic galvanometer, gradually
increasing the inductions from’ zero to 12,0€0. After the coraplete
hysteresi_s curves wero obtained, their areas were ca fally integrated
ivith an Amsler planimeter, and the values reduccd|so as to express |

tho hysteresis loss in watts per Ib. per 100 cyeles [per second, and

" these values plotted in terms of the maximum valuel of the magnetic

“induction per square centimetre of the iron core ¢orresponding to

each particular hysteresis loss. Nothing would be gained by giving
the full details of all the obscrvations by which|these hysteresis
curves were obtained. They were exceedingly nymerous, -aud the
tedious nature of the ballistic observations made itia matter of pro-
Jonged observation to secure the w hole séries necessary, but the final

results-are shown in Table I1L The curve in fig. 3 rvepresents the

increase of hysteresis loss with induction,;an;d the ohservations which
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Table T1T. mllysterems Loss in Soft Annealcd Swedi

per pound per 100 cycles per sccond for varwust

paximum Indue-

tions." . ;‘
1. At N 15°C I1. At =185° C. (in liquid air).
Manmum llystcre?us ‘ ﬁuin{ﬁm ll.\'steresi:
induction. loss. " induction. loss.
B. W B, w.
844 00397 688 | 002519
4026 04957 3603 04246
- 6743 1062 6185 0-949
9687 2070 - 9461 1-907
11618 2:632 11916 2658
8593 1°545 o '
5516 0823

were taken at ordinary temperatures are denotod by

Tho observations for hystcresxs loss which were take
It will be scen that

ture of liquid air are denoted by the crosses.

. substantially the circles and the crosses lio on the same curve,
observahons, thorefore, show that tl

no cliange in the hysteresis loss in soft iron by cool

results of those

'tlw small eireles.
nat tho tempera-

The

ero ix practically
ng it to the tem.
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perature of hqmd air, - lf m‘stmd of plou,mg tho hystc ‘csia loss and
induction, tho ordmmy logmnthms of theso quantlti(s are taken
as coordinates, the curve, as shown in ﬁg 4, then obtaincd s
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very mmly a straight line as far as the limit of
of about 9000, and from the inclination of this h
that the hysteresis - loss, W, in watts per 1b, per
found to bo related to the maximum mduchon B.in
JEO‘ \u
0% B
teresis loss is wd\mwd in ergs por cubit (,untxmctro
W', then W' = 00002 B, These results au# quite

\
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per square ccntimoub by the law W =

e

n inddction
[:(, it is clear

00 cycles is
C.(1.S, units
ot, if tho hys.

per cyclo =
n accordanoe
H




.-P

' wnth oertam conclus:ons of" Messrs. Laws ‘and Wawc-n (sco * Pro-
cecdings of the Ameucn+ Acadcmy of Scnences,‘ vol. 30, p- 490).
These observers mado a series of experiments on a material which

" was practically a very soft steel, and employmg a d ifforential watt
metery mcasmcd tho hysteresis loss in thé iron at varying and
increasing tcmpcratmes p to 600° or 7()0° 'l‘hey found that tho
hysteresid loss in this material did not bcgm to dcerease sensibly

~ until about 150° C.; after that it decreased . lcgulml in accordanco
with the simple lincar function of the temporatare. | In one pr(n '
ment which they tried with the samo material cooled to —78° C. in

-~ solid carbonic acid and ether, they found no dlﬂ'crcnce botweer: tho
hysteresis loss of this soft stecl at that tempemtulc and at the ordinary

- temperatures. . Our results, which have been carricd to the mudl
lower wmpemture of liquid air, indicate tmb in the case of soft
anncaled Swedish iron thq h)stcrems loss is hot changed by cooliny
from ordinary tempcmtulps to the tempemtm‘o of lighid air. As we
kuow that tho hysteresis loss of soft iron decreases' when the tem-

‘ pcxatme is increased, from tho ordinary experience with transfor mcers
¢ in commercial use, the’ mattm that requires fu}thcl mecshgauon is tor
. discover the temperature at which the hystelesm loss sk:nubly changes
: and beglus to dlmmlsh

' E.rpén'mcnts‘on Unam‘ccalcd Swedieh Lro, |
"'Wo have also carvied out 501109 of mperimm ts of the same’
character with unanncaled iron and steel. | A ring coil was con-
structed of sheet iron-of the same quality as that forring the core ot
the soft iron transformer above described, but no special pains were
taken to anncal the iron, and as it was ¢ thenedI{I in & magnetic

scnsé‘by’ being bent into shape, this difference in quality showed
itself in the magnelic observations. A ring coil was constructed of
the following dimensions :~~The thickncss of the strip was 0031 cm.,
width of the strip 1-24 em,, the ring was formed by 23} layers of
this slrect iron wound up closcly into the form of a ring. "l‘ho out-
sido diameter of ‘this ring was 4 em., tho inside diameter 2'13 em.,
- the cross-scction of the'iron in the ring was therefore; 09032 sq. cm,,
and the mean perimeter of the ring 9 62 cm. | This iron ring was not
- ‘anncaled in any way, but it was sunply wonnd over \lnth silk ribhon,
and then-had placed upon it two coils of wire. The primary coil
consisted of 150 tnrns of No. 26 wire, having h_resistance of
0383 ohm, and tho secondary coil consisted of 240 {urns of No. 36
wire having a re$lstance of 8092 ohms. As the diameter of cross.
scetion of the rmg was not very small compated with the mean
diameter of thel ring, it was necessary to calculate by a proper
mbeglatlon the mcan value of the mean maglu,hsmgx force in terms
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"~ of tho carrent passing thr ugh tho pnmm‘y cml aml"tt was fonnd
that the mean mf\gncusmgLforco to which tho iron was expoded was
closely cxpxcsscd by “tho
current flowing through the primary wxl. . This coil had its sccond-
ary circuit connected up to the galvanometor, as'a xovo described,
and a scries of obscrvations were taken with tlps coil b_v roversing o

constant magnctising current passing through' tho primary coil, and

observing the throw of the|ballistic galvanometor con :octcd with the
secondary cirenit. T'ho ring coil, together wuh the pl tinum thermo.

meter, was embedded, as above described, in 81 mass of parafin wax,

and tho whole mass, afier having been cooled down to the tempera.
- ture of liquid air, was slowly allowed to heat u) agmnl Observations
were taken with two dlffert\t magnetising forces ovek the range of
temperature from --183°
from the calculated i,nduc't»i‘ou in tho ring dete
netising force, the perm'cq!bility was found fonrespo ding to each
pmtic"nlar force and temperature. - Tho results of these observations
are given in Table 1V, and are delinecated u‘

two curves markcd nnmmoalcd iron.

Table IV —Variation of Magnetic Pcrmeablhty of Unanncalcd
Swedish Iron with l‘empera are.

. Temperatare moasnrcd in p]utmum degxce by standard therme.
meter Py, . u '
o : ' Pcrmmbllﬁm

. Z\,l-agheﬁsing Magnetm[‘_h\g

Temperature. foree, 1°78. force, 9-79.
0° o017 1210
—~ 20 833 12
- 40 8T 1212
— 60 - 833. -+ J208
- 80 013 . 1230

- 100 0993. S T

—120 . 1067 - o 1255
140 1153 1265
=160 - o 1230 0 1280
—~180 1262 - 1290
-—"Otj 1272 01203

Tho resnlts c»f the obqorvntlons, as mdwated in fig. 2 in the
“eurves marked Lmumoalod Iron, show that fm* this upaunncaled iron

the pmmmlnhty increases as the tcmpemtum falls, and is exactly

tho reverse in the case of the same quality of iron cmofully anncaled,
The differcace, also, between tle two matormls is very marked

|
-

aluo 20219, mult:pllcd by the ampéro

. up to the ordn‘ary terppelatm*e and.
'muuod for each mag.

ﬁg & in the form of

~



—-186° C recovers 1ts ori nml pcrmoabuhty whcn h
ordinary tcmpcmtnrcs. ‘Tho unanncaled iroh, howe
to tho same low tompetakure. retains some of its 1
ability when heated up a%mn to 15° C. Tlle unanne
* bo taken over the temperature range again aﬁd agait
definito permeability valu}
caso of the soft anncaled iron.
permanently changed in |
or cooled. - E
With this tr ansformor,‘a. long scries of ob§e1~
determine tho hystercsis
when taken at tho ordin
liquid air. The hystcr%
gnlvanometer over wide |
former being alternately
air, but no constant mag%etlc condition co

T'ho unmmmlod iro

loss cmrcspondmg to di

r
sis cycles were taken w

ranges of nmxlmuk‘n indu¢

¢

oolcd slowly to
ted up again to

\f‘cr, after cooling

ncreased perince

mlcd iron cannot

‘with tho samo

es at oach rccuvrcnt £empmaturo, as in tho

i3 more or less

agnetic ch'lractor eVery timo it is heated

vattoﬁs wero takcn to
fforcnt indactions
ary tomperatures, 'and tha

{emperature of
th the ballistic
ion, the trans-

't
‘at the ordinary tompcmtll:c and in liquid

1d be obtained. In one

':set of obsorvationg, at & gwen maximum md‘%ctmn tl}o hysteresis loss .
“.was increased when tho tmnsf‘ormer was raited in temperature, and
- for-- -another series of observations at the lgamo Jlductxon it was
diminished. It is therefore mnpossxb!o to make any definito state-
ment with regard to tho magnetio hysteresis|loss in [this unanmalcd )
iron ring coil at the two tempcmtmcs Thd mere fac ’
the unannealed iran in the liquid air chanqos its magneti
to such a degree that it is no longer the samo material, magnetically
- considered, aftery as before its immervsion, Ono carious fact, however,
was noticed very soon with regard to unannealed iton, and that is,
“that if the unannealed iron ring coil has a small magnetisivg current
passed through its primary coil, tho secondar y coil {being connected
to the galmnometcr, tho sudden immersion of thjs ring coil into
liquid air invariably causes a deflection of the ballistic galvanometer, -
even when the primary magnetising current remaifis perfectly con.

stant in value, thus showing a sudden and very larg
pormeabnhty of the unanneaied iron. Whilst th
liquid air it retains this increased pormeab:ht y. If
“out its permeability again diminishes, but not with
This is partly accounted for by tho fact that tho ir
immense rapldlty when it goes into the liquid air,
again much more slowly when it is brought out. )
however, remains, which has been rcpcatcdly ob
cooling of this unannealed iron to a low tomperature
its permeabxlxty, as far as'we know, no matter what
~ magnetising forco employed One dlﬂ‘:culty experi¢
. with unanncaled iron is the fact that in taking it
mognetising forccs, and by the process. rcqmrcd to
| :

increase iif tho
ivon .is in the
rought suddenly
equal rapidity,
bn is cooled with
bat it heats up -
ho definite fact,
served, that tho
always increases
bver may be the
need in dealing
up to the high
remove residual
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mngncusm by tho apphcnt on of an altey mtmg cnnonk ‘the iron is go
“altered in magnetic: q“tmhtl‘ex that it-is impossjble to rjcpmt two scts
of obscrvations under precicely similar cxroum‘.tmxccsL With regard
to the unannealed iron, it may be noted that if an ordinavy magnet-
isation carve is taken up to very bigh nmgnch%itlon forces, and tho
iron then demagnetised by|the apphoatum of :an alte nfmng current
gradually rcducod ~the first nm"nctla:\hon curve| can never bo
repeated cxactl) again on- ‘qpplnnff lncrcrmuﬂF nmgno(hahon forces,
but a carve is Ohldln(‘d which lies slightly msldo the first curve, and
which indicates that the: vcrmmblhty has bcon reduced. - The sub.
sequent repetition of- this process will give a serics f curves which
_occupy different positions, | but which do not procxsel‘ repeat any of
_ them. Herice itisinipossib 1 to repeat at a constant temperature with
- this unannealed iron exactly any magnetisation or per neabnhty corvo.
In the casc of tho annedlcd iron it is quite different. ‘A magnet-
isation curve can be obhmcd after having carcfullj de- mf\msonsod
the ivon, if this xxnunctw}tnon is pressed up to ncalt)y its limit and
tho iron then de- lnagnohscd by the apphcﬂlon of [an alternating
and deeayi ing magnetising force, a sccond m'\qnctm\n n curve can be
obtained on again nppl)mp an ascending’ mlgnctm g force, but it
“will not coincide exactly with the first curve. Thé annealed iron
" can, however, be brought back into its ongnuh condition by dipping
it a few times into liquid air.  Under these cdndmon.‘, we have been
“able to repeat as frequently as required the‘ obuenJ\tlons with the
anncaled iron taken at the different tempcmturos. Itj the case of tho
unannealed ivon tho changcs produced in it by imnjersing it in the
liquid air and by magnetising and dcmacrnch.m)g it} are such as to
render it almost nnposslblc to obtain rcsulls capr!c of precisoe
repeti’ ioh, with respect to the h)storosls loss and permcability for
~varying magnetising forces. '

Experiments with Hardened Iron.
A third sct of experiments ware taken with a ring poil of the same
dimensions as the ring coil made of soft annealed tpausformer iron
first described.  This third coil was constructed of tho same samplo
of Sankey's ¢ransformer sheet iron as the above|described soft
annealed ring, but it was treatcd subseque ntly to its formation in
the followmg manncr o o
A short piece of iron gas- plpo was made red hot in a forge; tho
ring coil, having been constructed, was droppcd into the red-hot pipe,
and tho ends of thls pipo loosely plugged up with slag wool ; the red.
hot pipo was thien covored ever with cinders, and the mass allowul to
cool. Under tlu‘;o conditions the ring coil was annedled in an atmo-

sphere of carboni¢ o\tdc and i in contdct wuth hot carbon; tho sheet
| ‘ :




\

©_Temperature measured
_meter Py.

" The results of the measuvements with this steel-core

Fl mmg 'md J Dewn

“iron wm, thcrcfm'e. undcr. these clrcumsmnréc
will ho referred to as the lﬂmdcncd iron’ nng
into a transformer in the

at different temperatures a‘
results of these observations are shown in the 'lablo
‘dolineated graphically in thie curves in fig. 2, m-uked
The results show in a

-easel hardened,
lln\in
above-described manuer, i long series of
observations were taken \shh this coil to dctummo i

‘remarkable m'mncr that

Onte

and
been formed

& petmcaluhty

nd with diffcrent lmgnetmng forces. The

' below, and aro
Hardened ITron.
iron so

the
treated undergoes a very considorable increase in mttxgnctic. perme-

ability when it is cooled to the temperature of liquid

magnetising forces t‘llof‘lermeablhty at - thp lowes

reached may be increased as much as “five times.
~ therefore, this iron presents in an exaggor
qualities found in the unanncaled ivon,

'I‘ablo_V.-——Yarjs(tion of Magnetic Pormeability with /

Ilardengd Iton.

in platinum degrees by st

air; for certain
t temperature

In this -respeet,
rated degree the same

‘emporature of

ndard thermo-

]dwpe’ﬁ'menls with Steel.

We have also examined the behaviour of a ring coi
pmuofm te wire.’
pvmofom, steel behaves in the same manner as th

Permeability.
Temperature, - ot - - e S
H o266, | M= 402 o 1 =1116 = 1277
e - T =t
0o° "56:0 . 1065 4173 1000
- 20 570 S 10905 476°0 10875
~ 10 580 1140 - 5065 109 0
- 6O 590 1198 510°0 110°5
- 80 625 132°5 5750 111-0
-100 65°5 1500 6100 1120
~120 692 - 1693 6150 - 120
—~110 753 S192°5 6500 S112°3
=160 - 89'H 236°0 "7 1140
- 130 107 °5 333°0 762°0° 1195
- 200 132-0 5030 823'0 1240

| made of stocl

“We have found in this case the curious result that

o anncaled soft

ironj its pormeability is dccroased as the ttmpom\mo is lowered.

in Table VI, andigmplncwlly in tho carves in fig. 2, 1

-ing are shown
iarked steel.

——
PR
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Table V'I.»VAriat—iory of 'v Po’fnié@bility Wit}jl Tcmpemtnre

P Piltnofort,e Stéci. :

El

E‘éturea; ' 9’)

o

Temperature measored in Platinum dcg‘rcbs’ by standard thermo-

~meter, Py ' ‘

- Permeability.

r~ sy |
: » E Magnetising Magnetising |
- Temperature. - force, 7"50. . force, 20'39.

—- 0 860 3610
- 20 840 3325 |
— 40 810 2995

— 60 790 . 271b

~ B0 770 - 246
~100 . - | 40 - 2200 |
—120 75 193-0 g
— 140 685 - 1743 |
160 67:0 1630 |
--180 660 1530 |

-~200 - 643 1440

We propose to continue the examination of the anomal

~ 50 presented by iron in different states of hardofling by

the same way tho changes of permeability in tho case o
rings of the samo dimensions formed in tho.one caso of
iron, and in another.case of the same quality of iron ha
the remaining cascs using stecl of known composition at

ous behaviour
examining in
f several iron
scft annealed -
dened,and in
ifferent states °

of temper. We desire to add ‘that in the cordact of this research we

have been under great obligations to Mr. J. E. }’etave‘l
us very efficient assistance in taking the exceedingly te
galvanometer observations, and in reducing them when

D Y
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for rendering
dious ballistic
taken.
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" On the Dielestris Constants of certain Fr ozen-

nts ot -certain Frozen ‘E*;'e'ctrolytcs_ at
" By J. A.

of  Electrical

«On the Dﬁielecti‘ivc"()(inét

‘and above the Temperature of Liquid  Air
FLEMING, M.A.,"D.ﬁc,,‘ F.R.S., -Professor
Engincering in University College, London, and JAMES
Dewar, M.A., LL.D, F.RS, Fullerian Professor of Che-
mistry in the Royal Institution, Londoh. = Received )‘laj' R

|
—Read June 3, 1397, )
In a prolirﬁinm'y note (Ll'thc “ Dielectric (_Jops‘t‘ajklt_ of Ice and

Alcohol at very Low '1‘empe}raturcs " wo have described the method

employed by us in dete’r'mirLi'ng the dielectric| constants of ice and

e temperature of liquid

- frozen ethylic alcohol at ,thl

* culty which presented itself in our initial ex!‘)érimen s was that of

the construction of a suitable clectrical condenser for se with frozen
liquids as dieleetrics. The %onccntr‘ic-tubc pattorn of condenser used
by us in.the firat oxperiments on ice gave |troubl . by becoming
deformed under the exp’anéfvo force of the water on freezing, and
the subsequent great contraction of the ice on Aloolling o the tempera-
. of liquid air tended to breqik the ‘contact bety reen the metal plates
and the diclectric. 1t was, in addition, difficult to clejm out. .

In undertaking, therefore, a more. careful study of the diclectric
constants of various frozen. electrolytes at an'jd abov¢ the tempera-
ture of liquid air, the first cxperimental proi;)lem which arose was
that of the construction of a form of condenser which could be em-
ployed with the selected frozon clectrolyto as diclegtric, and which
should comply with the following conditicns -~ o

‘1. To allow any required and actual expansion of the dielectric o
freezing without deforming the condenser. -

-7 2. To permit the subscquent great contraction of the dielectric
substance on cooling to the temperature of liquid air, without break-
ing contact between the dielectric and the metal plates.

'3. Mo be sufficiently compact to be placed in & larg,Je vacuum tube
of liquid air. ‘ : B g

4. To be rigid and have high insulation and be able to be taken
apart and put together again quickly and accurately. .

" After trying several arrangements, we were at last|able to design’
a condenser fulfilling the above conditions in a very porfoct way,
and which has given in its latest form littlo or no tropble in work. ‘
* This condenser, which wé call a cone-condenser, is constructed as
follows :— Lo . B v -
It consists of two hollow cones turned out of hard brass (sec fig.
" 1), the outer cone being 149 em. in length inéide. 5:1 cm. in diameter

. "See.?Roy. Soe. }Proc.,' vol. 61, p. -2, Al"ebr’uary, }897; J Dewar and J. A..: '

-
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Ctioter 20 tlmes in-a secon by"mea,ns of a tuning = «
: I)mmrz the- pa.st summet-we-have' repca,ted some of. thef-x determin




to be the substauce under examination, is connected, as shown in
the diagram, so that it can be placed in parallel with either of the
shunted condensers forming the third and fourth arms of the bridge.
The process of measurement is then as follows: -—'Iho experi-
mental condenser is placed in parallel, by the switch S, say, with
the third arm of the bridge, and the shunt resistances are first
adjusted, so that the telephone glves a minimum of sound. The capa-
city of one sliding condenser, C,, ig then varied until complete silence
in the telephone in the bridge is obtained. The experimental con-
dlenser is next shifted over into parallel with the fourth arm, and the
capacity of the same sliding condenser is again adjusted to produde
silence in the telephone. The change in capacity thus made in the
sliding condenser corresponding. to the change in position of the
experimental condenser is denoted by s. The experimental coux
denser then has its air dielectric replaced by a liquid of known
diclectric constant D,, and the same process of change of its position’
effected. Let the variation of the adjustable sliding condenser then
be denoted by Se. Finally the experimental condenser has its air.
dielectrice replaced by a llquld or frozen hqmd of unknown dielectric
—— B )
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'.?eonstzmt D, ‘and the process of - change and ad_}ustment a thlrd tmw-__
"repeated Let- the. variation of the sliding’ condenser in"this thivd
casé be 8. Tt is-then very easy to show that the: followmg 1elat10nv
holds good betwecn Dy, D S S, and 5 vn — (R S

D,~1 3_1
Sn"“" = S—‘S

or D =Dl (b—s)+1
: . - S.,,——-s

In order to apply this method . we employed * absolute othylié.

alechol ‘as the standard diclectric substance of known dielectric
constant; and took as its dielectric constant at 15° C. the'value 258
" (according to Nernst), a number closely in agreement with all tho
best results by other observers.

The actual capacity of the experimental condenser thh air as.

~dielectric'was very small; not—being—more-than about 000001 of a

microfarad. Hence in the above founula Dy =258 . .
- “Phe value of s was determined to be 1'33 and 138 in. ‘wo expex i-

. ments, and the mean 1:36 was taken as the value of =
The followmg liquids were then examined by placiug them in thc
. expeumental condenser and keeping them at ordinary tcmpexatnreg, 3
- viz., 16° C. to 20° C. v 27

. Solution of Potassic Hydrate in water, 5 per cent. solution.
Solution of Rubidic Hydrate in water, 5 per cent. solution.
. Amyl alcohol. ) :
. Ethylic ether.
. Ethylxc ether, pure and dly
. Ethylic alcohol.

The change in capnmty of the sliding condenser when ethylie
aleohol erla,ced the air in-the experimental condenser was 16:7."
Hence 8y = 167 and D, = 25 8,-also s = 1:36.

D.—1 24‘8_
S,—s ~— 1534

C“-:C‘»PQ&!L»—J

* Thercfore = 1-613.
The following table shows the observed values of s in the several cases
when the above liguids were placed in the experimental condenser, and

the corresponding calculated value of the dielectric constant D Wherok
=1613x(S—s)+1.
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Tabc I—Determinations of the Dielectric Constants of cex‘tmn
Liquids at: Ordinary Temperuturcs (15° C) hy Nernot's Metho
hcquemy =320;

: ’ ~ . B - D.elecmc constanb
Substandce, 8. " 8=s 1'613'(5}—3\)‘. S =mDes :
Ethylic aleohol (taken 167 1534 248 - 258 .
" as the standard «of S (assnmed value)
comparison) R : :
Amylaleobol ....... 1049 913 147 10 7 :
o . (calculatcd)
Ethylic ether........ ©398. 262 - 423 523
S o (calculnted),
Pure dry etliyli¢ ether 370  2:84 378 AT
RS alcu]atéd)

Herce hy Nernst’s method, assuming the dieléctric constant of
cthylic alcohol to be 258, we htl@h@giunyl alcohol to be 157 and -
pure ethylic ether to be 4:78.

Nernst himself fonnd amyl alcohol to be 16:0 and ethylic ether to
be 425 at about this temperature. Hence our values.are in fair’
agreement with his. - :

’In the next place we cooled the expenmental condenser down to
the temperature —185° C. in liquid air, after filling' it with one.of
the above six diclectric liquids, and we repeated. all the nbove-k
described operations again. The results are collected in Table II.

Table II. -—I)etermnmtlons of the Dielectric Constants of certain
Frozen Liquids at the Temperature of Liquid Air by Nernst’s -
Method. l‘xequen(‘y = 320.

Calculated

. 1613 x, dielectric
Substance. 5. S—s. (S—-v).. constant = D,

Ethylie aleohol .... 268 132 213 313
Amyl aleohol .. ... . 234 098 1'58 CO258
Ethylic ether ...... 216 0-80 120 Coo22y
5 per cent. solution ) : :

of Rubidic Hydrate 294 1-58 2:55 355
5 per cent. golution : .

of Potassic Hydrate 515 379 5+12 712

The above values for the organic bodies are in close: agrecment
with the results we obtained for the same substances by the galvano- .
meter and switch method formerly used by us, as may be seen by a
reference to Table IIT.,
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“Table TIL. -—Compal ison of the Dcternunatxons of cor tnm valeotrm

‘Constants made by drﬁ'ewnt Metlmds tho lempcmtulo of
Inquxd An'.
By gulmnomctor : ] Ner nst & bl‘ldgu
) and switch miethod. 'mpthod with telephone.
" Fréquency = 120, *. . Frequency = 320.
] Snbhtnnco ", Dielectri¢ vonstant. . -Dielectric ‘constant..
: Eth)hc aleohiol., Sl 311 S33
-~ Amylaleohol.’, ., voui, sowat 204 B L 2:58
.- Ethylic ether...coove u 2:31 . 200
5 per cent. solutmn (f\queouq) :
of Potassic Hydrate...[.. 1230 T2
5 per cent. soluition (,upxmnl;) ‘ . - ‘
of Rubxdw Hydrate ...... S1'6 . 350

The results collected’ in the above 'lablc TII, show that the t\\u :
methods give practically identical valucs for the two alcohols and
the cther, but very different value for the two.frozen dilute hydrates

An-examination was then made of several other substances, and:
for this purpose another condenser was- constructed, which consisted
of a platinum crucible: about 4 cm. in diameter and 5 -cm. high.
This crueible was fitted-with am cbonite tid; thrnur-'h which passed a
glass test-tube, in the interior of which was placed our platmum
thermometer. Round the outside of the test-tube, p]atmum wire
was closely wound, so as to form the opposed surface of a condenser -
in relation to the platinam crucible as the other surface. This
platinum condenser could then be filled ‘with any electrolyte or -
orgaric liquid and frozen in liquid air. -

Owing to the very small actual capacity of this last expemm(‘ntal
condeusel and espeeially that of the variable part of it in comparison
with the eapacity of the leads and connections, no very great accuracy
of measurement was looked for,or attained. The results, however,
were sufficient to check the general [accuracy of ‘the. experiment with
similar substances by the palvanometer method.  This platinum
condenser was calibrated and uged with Llre—I\cu,Lst,_bndge, exactly
as in the previous experiment. :

With the experimental condenser empty the clmnge in capacity of
the variable sliding condenser in the bridgée arm was 1:50 on chang-
ing over the position of the éxperimontal condenser. Hence s = 1t 50..

When filled with ethylic alcohol (IY, = 25°8) the (hange of capacity A
of the sliding condenser was 6:20. We have, therefore, & 0 = 6 20, D.
= 258, s = 150.

Therefore Do—1_ 248 _ 527,

Se—s +70
i The experimental- condenser was then filled with some - liquid,
elthgr at ordinary temperature or frozen at & low-temperatire, and
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the bmdwc mmsummcnt mndo and the. readmg 8 or the change of
mpncxty of the . sliding conderiser -observed, . ag before, when thie
experimental condenser had its position, changed:: :
. The following Table IV glves the surhmary of . the 1'ecmlti obfmneﬂ 5
"~ with several suhstunces at various tempexatu res. PEN e

(st, Lgc., qt rar‘/i_.

Table IV ——ISI("\suwment of the Diel ccirlc Constants of va )me-w
hul)stanccs at dlﬁcrcnt 'lcmpcmtnres by Nmmts \Iethod Fx Ge
50, ])‘ R ;

Sy :
Caleulateéd . Temperatvre ©
dieleetrie: - platinum

queney = 320§ =13

Substance, 5. 8-s. 5 "; (8~35). constant == 1), degrees:
Ethylic ether.. 21 06 >16 - 4:16 +15°
Glyeerine ..... 1215 10:65 562 5725 - 430 ,
Solution of am- ¢ 45 30 158 168 - 4—]23?(?)

* monia (sp. gl{ S6. Al 216 226, —137 -
= 0830).... U135 12 6370 610 ~119°

L w2 OH 26 36 —49
Distilled wqu{u,o 05 500 510 P

OTPUCICC . {3 128 670 - 630 -+l
Oxide of copper] g5 945 129 19 —@

osuspension 2o 00 13 597 607 . —41

in water, ... ’ .

The valne found for the dielectric constant of water at"41° s
rather low, bat, as above mentioned, the smallness of the capacity of. .
the experimental condenser prevented the resalts from being morve
than good indications of the order of the dielectric constant.

We have, in addition, repeated and extended experiments made
with the cone condenser on various cleetrolytes and dielectries.

In the first place, we have carefully examined the effect of change =
of temperatare on the dimensions of the cone condenser per s2 to
ascertain if the dimensional change produced by cooling it in lguid
air eould sensibly affect the value of the dielectric constant of an
eJectrolyte forming the dielectric between the cones, apart from the
change which temperature produces in the dx(’lectrxc quality of -the
dielectric itself. ’

The gilt cone eondenser was dccordingly "connected with the
tuning-fork interrupter as formerly described,* and the galvano-
meter seale deflection when the condenser was charged with 97-2 volts
was found to be 385 cm. to the left and 3:88 em. to the right, hence
the mean galvanometer deflection was 3:87 em. of the scale.. This
corrected to 100 volts becomes 3'98, and deducting 0'4 em. for ¥he
capacity of the leads, gives 3'58 as the number representing the

* dee Fleming and Dewar, “Roy. Soe. Proc.,’ vol. 61, 1897, p, 299,



vclectncsml c'\pacxty of the done condemer as: tlmn m'mnrred A
-standard condenser belonging to the Davy-Farnday’] lubarator v and~ o
having & capamty of oné-tliousandth of a microfarad, was then ‘subs

stitnted for the cone condenser, and: gave right and left deﬁecthns of
19:1 and . 19:G-em., respectively ‘when' charged with 97 volts.. Lhis -
corrected for- capacity of Téads (=04cm.) and reduced to 100 volts

o vbecomes 19-53: - Hence, since the électrical capautms are pmpm tmml S
1o tue ga,lvanometer deﬂechon, the ‘electrical capacxt; ‘of our cone

3:58. -
coridenser is 1953 % 0 001 of a micr ofarad,-or 0000183 of o mlmo- Y

- - farad.

! apact £ t—eeﬁe condenser was then again measured

_with ‘air-at 20° C. as dielectrie, and the g'tlkuomebel .deflection -

observed. The outer cone was’then cooled to —185° C. by quickly .
applying to it a large quantity of liquid air whilst the inner cone -
remained at about 20° C., and the galvanometer deflection again -
observed. This deflection was taken again when the inner cone had

fallen in temperatnre to —75° and finally when both inner wnd outer|
cones were at —183° C.” The following numbers giving the galvano-
meter deflections are tlien proportion: 1 to the eloctricnl C'lp'\cny of‘

.the condenser betweenthecomes——————— °

Table V.—Examination of the Effect of Cooling on the Electrical’
Capacity of the Conc Condenser.
Galvanometer scale defleetion ‘
in em. or eléctrical
capaeity of the cone condenser
in arbitrary units,
the dielectric being gaseous air. . Remarks,

+22 em. ..vae... Bothinner and outer cones both =
. at 20° C.
482em. ........ Outer coneat —185° C.
Inner cone at 20° C., about.
feoSem. aie. .. Oater cone at —185° C.
Inner cone at —75° C.
419 em:. ........ Outer and inner cones hoth at

—185°.C,

Hence it is clear that mere change of temperature of the metal
work of the cone condenser does not affect its electrical capacity b_y
more than 1, or perhaps 2, per cent., and any larger changes in
capacity found .on cooling must be due to a real change-in the’
dielectric constant of any diclectric substituted for the air between
the cones, and not to mere dirgxéusional changes of -the coudensel:
itself produced by the cooling.

Another matter to which our attcntlon was drrected \ms the’




qnebhon whether there was any scnsnblo or serious lag in the ten
pemturc of the resistance thermometer behind the tempemtm‘e of the ™
-dieleetrie.” Our usual ‘custom had been to immerse the condenser E

- of Orgamc Bodu's, ¢§ oy at ver J ]'.

w T empev-atures‘. S

when jircpared. for use in quuld air, and coot .down the-whole ‘mass
" to —185° C.;-and, then raising it out of the liquid air to take tem=

“perature and capacity readings as it' warmed up. -The  resistance"
thermometer was placed in the inner ‘conc-in a thin test-tubé; and..
fived in- with fusible metal in the umcx"r_on_c.b We therefore tried

one experiment with pure ‘glycerine ‘as diclectrie, in which the

¢lectrical measurements were made as. the condenser was. slowly
cooled, instead of being made as it slowly heated up.  The process
of cooling from -—=38° pt. to —201° pt. was allowed to occupy- one
The values thus found: for the dielectric
constant for glycerine for this range of temperatare were practically
in agreement ‘with those, found when the condenser capacity. was
measured as it warmed up instead of cooled down.

liour and forty minutes.

T |
1. Diclectric Constant of Pure Glycerine,

Corrected ga,l\anometel defiection when the oondcnsu had air as:
dielectric = 3'92 em. for 100 volbs. Y

Mean

Temperature  galvanometer
in plutinum detlection
degrees, in centimetres.,

—380 285
—426 207
— 460 300
—558 317
—648 303
—958 270
—1195 220

—201-0 11-05

Dielectric

constant.
505
o2
533
565
538
345
319
282

.'

v

Observations.
Condenser charged with 1434
volts, Time = 3.5 ro

Time = 4.15 v.y1.

.Condenser charged with 17 0 volts:

Time = 4.30 v.u. ;
Condenser charged with 92- 4. volts.
Time = 4:45 p.y

The above values of the dielectric constant of glycerine are in
very fair agreement with the values obtained by us durmg rising

temperature®

We have also extended our former observations made with this

-cone condenser and the galvanometric method to. certain other

frozen electrolytes, and measured their dlelwtrlc constants at low

temperatures.

The results and substances are as follows :—

* “Roy. Soc, Proc.,” vol. 61, p. 824.
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e +IL Dzelech e Canstant of D?‘J f*onccmvatezl bulplmr ¢ Aeid (I{ 04),‘

" The correoted galvanometer deﬁectlon with, airias dxelectrlc Wk
3 92 cm. for 10V volts "The sthch frcquency was 1205 o

Mean .

Temperature galvanomeler * -

in pr tintim - defleétion . - - Dielectric ) i AT :
degrees...”” in-centimetres.” constant. o Obgervations. .. .0 o]

L —=20009 - 146 386 Condenser charged with 942 volts..
—186:0 - 148 390 R " S ;

. —181'8 25 " 382 " Condenser charged with 162 volts:. -
~1507 27 413 g5e " R S
—129-8 295 433 Condenser charged with 16:9 volts:
—110:0 . G‘O 725 Condensel'chmgcd withi17 0volts. e

©

III Dzelcctmc Constant of Dry Conceulrate'l Nitrie Arzd (VOJIE)

Correcte(l galvanometer deflection with air as dielectric = 390.cm.
for 100 volts.

Mean

- Temperuture galvanometer .
in platinum’ ~ - deflection Dielectric )

degrees. in centimetres.” - constant. : Observations, :
—-201-7 905 236 Condenser charged with94-2 vo]ts.
—1827 927 246 .
—1658 925 2:42

—-1182 940 - 243

1297 10-:00 262

Before carrying out thesc experiments with the concentrated nitric:
and sulphuric acids the condenser had been carefully re-gilt and =
glass steady-pin substituted for the ebonite. one.

1V. Dielectric Constant vf Sudiwm Fluoride (NaF). a
(10 per cent, solution.)

Corrected galvanometer deflection with air as diclectric = 404 ¢m.
for 100 volts. :
Mean . "

Temperature galvanometer
in platinum  detlection Dielectrie

degrees.  in centimetres. constant. Observations. = )
—199:3 93 233 Condenser charged with 94-2 volts.
—174:2 93 235 '
—149-2 10-35 255
—1350 14-35 367

.—1250 196 505 .

S5 44 707 Condenser charged with 152 volts.
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“*. The elce olvical resistaniec of the condenser at =200 pt. with h-o:'e e
sodlc fluoride as dielectric was 2000 megohms. S
V ]lwleclnc Cmutlml of Hydrosodic flum‘zrlv (\JPHF)
" (1G per cent. solution.y o ’

Corrected galvnnomct(r deflection with air as dielectric = 3 42 em. .
for 100 volts.

Mean -

Tt‘mpomtun\ galvanometer’ i
in platinum detlection Dieleetrie

degrees. in centimetres, constant. Observations,

—2018 Q&7 225

—1860 887 2-25

—169:0 ®O05 0 230

—17%8 90 231

—1488 a7 249 B

— 1422 109 2074 : '

—131'5 154 102

- V1. Diclectric Constant (:/ SudiumPeroxide (Na 0, )

(5 per cent. solution.) = ° S
Corrected galvanometer deflection with air as dielectric = 441 em.
. for 100 volts.
Mean
Temperatare galvanometer
in platinum deflection Diclectrie
degrees. in centimetres. constant, Obhservations.
—1980 +5 71 Condenser charged with 1434 volts.
~18+5 . 55 87 '

VIL. Dielectric Constant of Solution of Hydroxyl (H,0).

(29 per cent. solution by volume.) .

Mean . .
Tempemturc galvanometer . . .
in platinum deftection Dielectric
degrees.  in centimetres. constant. Observations. .
—203"5 1R -2 ’38 Condenser charged with 09 2 wolts

Some experiments were then made by eloctxol)smg freely certam
clectrolytes and freezing them with liquid air in the act of electro-
lysxs The dielectric constants were then subsequently determmed
in the frozen state s :
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o X;IIIf‘.;Di'ple‘clfiC'C'aﬁshnts of Fm::e.ﬁ'Eléctroly!é‘s,’wElect'rolwrzcl Freely i
e T . the act of Freezing. EREREER e
o Corrected  galvanometer -deflection with air as dielectric = 342 cm, 4

et k for 100 volts. S L

" Mean N <

'Tempémtt%\ galvanoineter e
T platinum - deflection . Dielectric ;
‘ «degrees.”  in centimetres. “.constant.  ° . Observations.

(a) & per cent. aqueous solution. of potassic
hydrate. electrolysed with 02 ampere
and 8 volts. "Evolved gas = 51 c.c.

—2000 R 714 Condenser charged with 1434 volts. -
T Electrical resistance of condenser .
5000 megobhms when frozen,

‘(l/) Witer electrolyséd with 10 ampere.

—105-2 §%0 247 Condenser charged with 98 volts:
' Electrical resistance »f condenser
5000 megohms when frozen.

(c) Water clectrolysed with 21 amperes.
—1950 = &65 . 242 Condenser charged with 989 \:oits.

It is evident that the action of electrolysis prior to, and daring
freezing has no sensible effect on the subsequently measured di-
electric coustant even though the sm-fac%,gﬁ}he cone condenser
are strongly polarised in the act of freezing the liquid dielectric.

We have then paid some attention to the possible cause of the
high diclectric values of some substances at very low temperatures. It
is clear from the abgve deseribed experiments, with the Nernst bridge
that for organic bodies such as ethylic a]cohuﬁ amyl alcobol; ethylic
cther, and glycerine we obtain practically the sam¢ diclectric values
at the low temperature, both when they are measured by the galvano-

‘metric method with a switch frequency of 120, and when measured
* by Nernst’s method with a frequency of 230, or about threc times as
great.. . .

On the other hand for certain other bodies such as the frozen dilute
hydrates of potassium and rubidiam, and the oxide of copper
suspended in ice, the dielectric value at the low temperatures is
much diminished by increasing the frequency. : i

., . Subsequently to the completion of the experiments described in this
7  paper the suggestion has beer made by R. Abegg™* that the high di-
clectric values at low temperatures are due to polarization of the

* ‘Wied. dnn.,’ vol. 62,7, 249, . -



of Organic Bodies, §c., at very Low Temperatur

clectrodes of -the condenser, and that the capacity ‘measured ‘is a

polarisation. eapacity and nob a true diclectric capacity; .and be P

supports this contention by pointing ont that whenever we have -
obtained a.large- dielectric value at the low “temperature it has..
always been measured with an electromotive foree- of 1434 volts,
which is less than the ordinary full reverse electromotive force ‘of
polarization, : ’ TR
There are, however, reasons for considering that this contention is
not a valid one. In the first place we have always in all the
measurements begun operations by testing the dielectric capacity of-
our condenser * with an electromotive force of one ' Clark cell
(= 1434 volts) in order to see roughly whether the dicleetric value
was large or small. If it was a _smail value we then ‘gradually in-

ereased the eleétromotive foree antil o good readable galvanometer .

Jdeflection was obtained. We never found that with an electromotive
force of 143% volts, the dielectric constant of any substance was
greater than with a much higher voltage.

In the unext place, in many cases we changed from a working.
electromative force of about 20 volts to one of 1-33+ volts, and we
never found any marked discontinmity in the calculated value of the
dielectric constant at that point. - If our previous papers on this
~ubject are examined the following instances may be found.

Table VII.—Measurement of various Dielectric Coustants with
different Electromotive Forces.

Voltage with
whizh con- -

Tempera-  Diclectric, stant was
Substance. ture. constant. measured. - Reference.
oo — 894 276 19-8 1 *Roy. Soc. Proc.,’
IR et = ST2 290 1+ ~f  vol. 61, p. 318.
—1242 1531 - 20°3 L. . ‘
oo LN NG A P e
Sodic chloride, § —11%5 212 202 : -
10 p. c. solution. . | —1140 223 1t }Ib“’-’ p. 307.
Potassic chromate, [ —112-4 169 20:0 cr o aae
30 p. . solution. . { —1000 223 14 }Ib“l" p. 387.
Cupric carbonate, [ —124-7 165 82 1,
10 p.c. suspension { —120-8 218 14 } Ibid., p. 390. i
Baric  hydrate, —1780 239 15 . -
5 p.c. snspension{ —1742 255 14 }I”“lw p. 372.
Bismuth oxide, —129-2 199 178 - -
10 p.c. suspension { 245 14 }Iln._d.,rp. 376.

—127:3

Au esamination of the above instances will ‘show that if thé A
electromotive force is changed from about 20 volts to 14 volts, it does




Profs. J. Dewar and J.'A. Fleming. Dielectrio Const
» _'not make a greater difference in- dielectric "constant than can bo
properly aseribod to the accompanying charge in. temperature.. "~ =

- [Again the following measurements were made ab about the same ..

voltage :— : T ey
Dielectrie- .. Charging - -

~_ Substance.” - . Temperature. constant. . voltage. -
* . Potassic Bicarbonate ... =166 . 2:80 19'8} <
'Sodic Bicarbonate .. ...  —166-7 - 4870 198 f- =
Terric Chloride........ —133'8 ' 4237 198
Sodic Chloride......... —=129-2, 1455 e
Cupric Carbonaté ...... —=1327 . 342, 182 :
* Cupric Sulphate....... —133-2 1640 19:7.0- .7
_ Lithie Hydrate v —198-0 323 ’ '19’8} L
* Baric Hydrate ........ —196'8 S 200100 195 f

Itis {mlikely that polarisation accounts for the differences between
the dielectric constants of the above substances, taken pair and pair,
when measured at nearly identical temperatures, and very nearly
the same voltages.—November-8 3897} ——- E :

In ordér to scttle the matter finally we propose, however, to re-
measure a number of those substances which have shown high dielectric

. values at the low temperature when measured by the galvanometric
method at a frequency of 120 but using in all cases an electromotive .
force of 100 volts. :

If under the larger electromotive force.the diclectric values of
some electrolytes still remain large, it will be difficult to ascribe this,
large value to polarization.

The faets, however, admit of another interpretation. It is clear
that the dieleegric constants of some substances at low temperatures
are vastly more susceptible to change of.clectromotive force fre-.
quency than is the case with others, and that the electric strain pro-
duged by agiven electric stress varies in some cases-enormously with
the time of imposition of the stress but very little in others. .

Another argument against the view that these high dielectric
valucs are due to polarisation, as ordinarily understood, is as follows :
The results of most numerous. experiments on water show that the-
dielectric constant at or near 0° C, is a number not far from 80.
This value is obtained whether the electromotive force reversals are.
infinitely slow or whether they are very large. The resulis of the
measurement of thé electrical refractive index of water even with
ether waves only 4 mm. in lenglh, and, therefore, having a fre- .
quency of about 75 x 10, as given recently by Lampa,* indicate
a number not far from 95 as the refractive index and hence give
a dielectric value of 90. There can be no question of polarisa-
tion of electrodes in this last case. On the other hand an increase

% ‘ Wien, Ber.,” Part 2a, p. 587, 1896 ; also . 1049, 1807,




i hequeucy whxch hardly affects the vn.lue of the dwlectnc cols
stant of water is sufficient to. groatly decrease ‘that - of . ethylv
aleohol, and” af the same frequency- the dielectric  constant: ‘o
ethylic aleohol was found by Lampa to have fallen to a value“of ‘5.
Hence : ethylic alcohol is more sensitive to chﬂ.nge of frequency thaa .
water. . Theve is; therefore, no % pmorz ‘reason ‘why we might not
“expect to find the same.thing evén im a much greater degree in; .

cortain .other bodies at . lower tcmpewtums, viz,," a  true - hxgh‘ :

dielectric value for & certain freinency, but great sensitiveness.to
increase of frequency in such fashion that increase of fréquency. -
greatly reduces the dielectric’ value.. At the present stage of: the.
_enguiry it seems undesirable to endeavour to regard the facts wholly
from the pomt of view of one hypothesis as_ to the nature of clec-
‘trolysis.

We have again to mention with plmsuzc the assistance we con-
tinue to receive from Me. J. E. Petave (,I m the observational pa.rt of

thme investigations.

. Y ‘ -
Note addc(l'Decémbcr 8, 1897. Received Deceinber 9, 1894

Since the above paper was printed we have repeated some. of our’

former experiments with the 5 per cent; solution of rubidic hydrate .=

and the b per cent. solution of potassic hydrate, using the original
method in which a condenser having the frozen eleetrolybe as
dielectric is charged and discharged through a galvanometer, but
employing much higher charging voltages. The object of these
experiments was to apply a further test as to the validity of
the contention put forward by R. Abegg, that we have obtained high
dielectric values for certain of these frozen electrolytes in con-
sequence of haviug invariably used dn electromotive force of 1434
volts in the experiments with these Ijltl(:}ﬂﬂl substances. -In. order
to be able to work with larger electromotive forces we arranged. three
calvanometers of the Holden d’Arsonyal type otherwise exa.cﬂy‘
similar, exeept in having different sensibilities and resistances. One
was the 500-chm galvanometer used in all our previous condenser
experiments, another was a 100-ohm coil galvanometer, and a-third.
“was a 4-ohm coil galvanometer. ‘These were used at the same dis-
tance (125 em.) from the scale as formerly. Au approximate test -
for the relative sousibility of these galvanometexs was. -made by
placing a' Clark standard cell in series with each galv&uometer
throngh 100,000 ohms and noting thejscale deflection produced.” As

the internal resistance of the galvunometers was at most only }. per

cent. of the total resistance these scale deflections may be considered
* to be applommately produced by the same current. - The scale-deflec=
tions in cenhmetres were— S




o

N 2()4 Pl‘ofs. J Dewm and J A Flemmg lhclectrw Constduts ;

For the 500-ohm g’alvanomctm'. vie 67 3-em. -
» . 100-ohm s oo 6T,
2 4-ohm - ' oo vy 055,

Hence, the sensibilities are in the ratios of these deflections, and the -
deflections of the 100-ohm’galvanometer must be multiplied by.5 5
"and those of the 4-ohm’ galvanometer by 678, to reduce’ their scale
readings to equivalent.deflections in terms ot the uOO’-Ohln gﬂ]‘. rano.
meter. k

The 500-0hm galvanometer was then used with ‘the condcnser and

vibrator, as described in one of our previous papers.* The con:
denser having gasecus air as dielectric, the -scale deflection for a
—frequency-of 120-and-an-eleetromotive force of 97 volts was '3'2 em.
when corrected for capacity of leads: .
The condenser then. had its diclectric space filled with the 5 per
cent, solution of rubidic hydrate, and was frozen in liquid air.  The
dielectric constant was next measured, using an electromotive force of
178 volts and the 500-ohm galvanometer. The value of the dielec-

tric constant found, when corrected for tho capacity of the leads, was

656. The mean corrected scale deflection was 385 cm. for 178
volts.” This, reduced to .its cqul\'nlent, for 97 volts, is 210 cm. and’
210/3-2 = 65°6. B s

In the next place the same experiment was repeated employing ’

the 100-chm galvanomecter and an electromotive force of 79 volts.
Applying the necessary corrections to the observed scale deflection
of 235 cm., and reducing to the equivalent deflection on the 500-olim

galvanometer, gave 160 em. as the value of the reduced deflection. -

Hence 160/32 = 50 is the dielectric constant. The rather con-
siderable difference between these values (656 and 50) is not a matter
for surprise, having regard to the extreme stcepness of the dielectric
curve of the rabidic hydrate solution at about the temperature of
liquid air.  As we were mcul) desirous of determining whether o
considerable increase of electromotive force wouid greatly diminish
the large dielectric value, we did not trouble to put in operation the
rather elaborate platinum thermometerarrangements for determining
the exact temperature of the dielectric. A reference to the dielectric-
temperature curve of rubidium hydratet willshow that even ondor two
degrees of temperature change in the neighbourlivod of —185°C., or
—200° pt. makesa very considerable alteration in the dielectric valie.
The result, however, ascertalned is that changing the electromotive-
force from 1434 volts'to 17°8 or 79 volts does not bring down the
dielectric constant from a large value to a small one. )
In the same way the 5 per cent. solution of potassic hydrate was
tested. ' o
¥ ‘Roy. Soc. Proc.,’ vol. 61, p. 300, 1897.
+ Zbid., p. 378,

'0




of Organic Bodies, &e., at very Low’ Temperature

‘ Usiﬁg the 500-0hm gzi]mndmeter and ‘an ‘electror’hotiivé:fdx‘*ce of

088 volts: we found ‘154 as the diclectric constant of the frozen

clectrolyte at thetemperature of liquid -air. bmploymg the 4-olim
) (ral\unomet(fr and 795 volts we found 175 as the dielectric constant.

Al the above observations were taken at the tempomture of

" liquid air and with an clectromotive force frequency.of 120, It is,” -

~therefore, qmte clear that -as far as these two frozén olecn‘o]ytes re -

concerned, raising the charging voltage to a value far ahove that ‘of
the average électromotive force of polarisation does not bri ing down
rhese abnormal values of the dieléctric constant. . On the other o
liand, a relatively small decrease in the témperature or. increaséii
the frequency ab low temperaturcs suffices to reduce the dielectric :

vilue of these frozen hydiates very considerably.* We may, theres =
fore,-say that the. contention put.forward by R. Abegg that the high .
dielectric values we haye found for certain substances at the liquid.
air temperature are really polarisation capacities, does not seem to be -
horne out by the results of fm'thcr experiment, and for the follo“ ing
reasons t— - :

(i) Becuuse a very great increase in the charging dectromotu‘e
force does mnot in any cor)espondmg degree reduce the
.1bnormully high diclectrié_values of certain frozen clegtro-

N Iytés to much smaller values.

{ii) Because when in the course of observations to construct a
temperature dieleetric curve, the working clectromotive .
force has been e¢hanged from a value below the counter-
clectromotive force of polarisation fo a value far above it,
there is no break or discontinuity in the curve of dielectric
value, ‘ :

(iii) Because the great difference between quite similar electro-
Iytes, such as the 10 per cent. solution of potassic and sodic
carbonates, in respect of dielectric constant at egually low
tumpu‘aturcs and under cqunl c]mrglnr\- clectromotive forces
is left uxxc\plmned

(iv) Because in the casc of many substances, <;uch as frozen
ammonic, hydrate, ice, and oxide of copper in suspension in
ice, at very low temperatures, we find high dielectric values
even ‘though employing alternating currents of fairly high -
frequency (350 »).

* Tl cffeet of incrensed frequency of electromotive forco reversals in decreasing
the dielectrie constant is evidently dependent upon the temperature as welias on the
physical state of the body. Inthe casoof water anincrease in the frequency from.
zero to 10° hurdly sffects tho dielectric constant at all. In the case of ice at 0°C,

. tho same increase in frcquency reduces the dielectric constant from 80 to betw een
“and 8. In the case of ice at —50°C., as we have shown above, an increase in:
frequency from 120 to 350-reduces the dielectric constant from about 60 to about -

3:6.  (December 21, 1897.) e
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266 Dzelectrw Constants at very I 0l l emperaturew s

(v) Becanse the hlgh dielectric values of water and alcohol” and
other bodies at ordinary temperatures remain, even when, -

the' observations are taken. with alternating -electrowmiotive
forces of exceedmg]y high fruquency and under conditions
when there are mno electrodes to polarise, as ‘when :the

. electric refractive index is measured with electromagnetic
radiation.

" We consider that the results of observations so far made are best
expressed by merely considering the dielectric constant to be a™

function of the frequency and the temperature, and- represented
therefore by a diclectric surface, which surface ha.s for some substances’

a region of abhormal dielectric ordinate. :
 Inall casés so far examined by us, lowering the tcmpemtm‘e suffi-
clently acts’in the same manner in reducing the dielectric constant

~

as sufficiently increasing the frequency, and both actions réduce the -

abnormally large dielectric values of 'some substances to values more

. approximately equal to the squaré of the optical refractive index of
the body.

"~ The question then to be -considered is the physical reason for the

- hlgh dielectric values for particular substances for ceftain ranges of

“electromotive force frequency and: temperature. Whether this
abnormal electric. displacement is considered to be the Tesult of a

molecular strain superimposed on a true electric strain, or whether
it is the beginnings of that molecular deformzmon which finally cnds -

in chemical decomposition, remains to be scen.’ Having regard to

. the enormously high clectrical resistivity which we have shown theso
frozen dielectries to possess, it does not appear to us likely that
polarisation in the sense of a deposition of ions on the electrodes can
be invoked to explain the differcnces we have shown exist.
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“in tlns nerye at 'L Lempemtme of 67 L bemg slowe d bo 6 metres per:.
- second. - A ‘comparison ofthe fourth and ‘fifth- columns’ shows the .
- “retardation in the arodic.as comp'u'ed w1th the accele,ratxon in the

cathodic . extrapolar: region. - Finally - the time relations and the

relative E.M, I of the prolonged effect present in the instances given

in the second and- fouxth colymns ‘may be .compared with’ thosé "of *.*
_the initial change present in all the examples. It will be seen that
the change producing the prolonged tail of the photographic 1e(,ord :
is onc. which -differs_from that prodncmg the initial spike in the
_following important particulars: it dexe’lops slowly, taking from

1006 to 001 second to cu]m\m'nte, its maximum E.M.F. is only one- .
tenth of that of the initial change, and it subsides slowly It is not -
present in the-instances given in columns I, IIT, and V., ’ s
In & more extended communication the authors hopé to bring
forward other features of the. response of nérve, particulaly the
cliaracters exhibited by the records of the changes produced by a
- series of stimuli'and of those-produced during reflex discharge of the:
central nervous system. -

*On the Magnetic Susceptibility of Liquid Oxygew.” By J.
A, Fueming, MLA, D.Sc., F.R.S.,, Professor of Electrical
Engincering in* University College, Lioundon, and JAMES
Dewar, M.A., LL.D., F.R.S, Fullerian Professor of
Chemistry mﬂm R: w}al Iustltutwn London, &e. Recuved .
May 9,—Read '\Iay 12, 1898.

In a previous communication * we" have described the initial
investigations made by us to détermine divectly the nmh‘eriml value
of the magnetic permeability of liquid oxygenyand we there indi-
cirted that we hoped before long to present to the Royal Society the
results of other experiments made by a different physical method
which we anticipated would enable us to state whether liquid oxygen
has & constant magnetic susceptibility, or whether, like a ferro-
mignetic substance, its mu,guetlc susceptibility nlters w hen sublected
to different nuwnglcifogiqes

“We have recently obtained results’ which, thoutrh limited to a
certain range of force, we think aﬁord fairly trust“oxt‘\y values of
the magnetic susceptibility of liquid oxygen under magnetising forces’
varying from 500 to 2500 C.G.S. units, and place ‘them therefore on
record. :

- * “Roy. Soc. Proe.,’ 1896, vol, 60, p. 283, “On the \Iuguctlc Permeubxhty of
Liguid Oxygen and quuld Air, o ] .
VOL. LXIL - v — R 2%




’I‘he thod nsed bv u‘a in H)eqo Imt cxpm*lm(;nta a{'pfuds on. the

G well knowi fact: th'\t if a body,” either paramaguetic - or” dxamup;nohc ‘
et pinced ina magnetm field of variable stvewgth, it is sublectetl toa -

:mechamc.tl force’ tending to. dlsp].lco it in- the dlrcctmn in*whicl tho .
field varies most rapidly.
I the stisceptibility "of ‘the body is sp small that- it does Tor
- semnbly distirb. the’ (distribntion of the ficld, the measurement of this’
‘mechanieat force may. be madd to furnish a lmo\vlcdrre “of .the abgo-
late" value of the magnetic susceptibikity. :
® The necessary conditicns are, iowever, that the \olunw (V) of the:
body must be of auch snmil m'mmtude re atlvely ta the form of the
1 st-sensibly different from that which
it would obt'lm if 1mmelscd in a uniform field, and also that the
magnetic susceptibility (k) of the substauce must be of small absolute
value. Under these circumstances, if J 1 the mechanical force
(reckoned in dynes) acting on the body, and H is-the streagth of

the field at its centre, then the forcein-the divection x is U'lVGIl by«

the equation

} —lVHdH

" The value % thus determined is a diffcrcncc valae, that i, ‘it is
cqual” to the difference between the susceptibility of the body and -
that of the medium in. which it is immersed. Honce if one and
the same body is placed. in the same divergent held bug alter rately
surrounded by different mediay tlre diffevence in the apparent suscep-

" tibilities of the body in the two cascs will give us the difference of
the true susceptibilities of the.medin. ~ The experimental method em-
ployed by us consisted, therefore, in deter mining the forces acting on
a small sphere of known susceptibility when '-su%pcnded tirst in air,
and next in liguid oxygen, and hence deducing the difference  f the

“susceptibility of liguid oxygen and air, and therefore the absolute . -

value of the susceptibility of liquid oxygen, knowing that of air.

The first step was the construction of an electro-magnet capable of
producing the required fiecld. From the above-named conditions of
“success it will be seen.that since the volime and susceptibility to be
measored are both small, it is essential that the magnetic field shall
not only be large-butmust vary very mpld]y, or else the forces to be
reasured will be small.

An electro- magnet giving the vequired field w as therefore destgned
as follows :— ¢

The exciting bobbin consists of a. smgle coil of doublo cottou-' ’
covered copper wire; No. 14 S.W.G. in size.

The coil is 30 em. long, 185 cm. in outside diameter, and the :
aperture in the 0011 95 cm. in (ha,mLLeL—The—tetaLwe*ght ‘of




tota.l length of Wire is ronvhly &Bout'?‘iOO feet

: -'lhe ﬁbtul nulhbér of

" tupps of ‘wire.on the bobbin is: 2474, The wire- i8 ‘capable of c’arry-'* -

“ing 12 or 14.ampercs for. considerable perlods of time-'without -

" darigerons heating.. ‘The toml_\reqmtfmco of ‘the wire is. very nearly

5% ohmas at 20°°Cy

This - bobhm of wire is. enclosed in a ey]mdel of mﬂd steel— ’

of the same he1ght s “the bobbin;  the walls . 'of ?v}uch are. . :

2:5 ¢m. thxek This (,ylllldel' has movable- cireular end plates of
steel 2°5 em. in thickness fitting it, and in these plates are circular

holes 9 em. in diameter. = A sofh %eel core was a.lso pronded B

V, vacaum vessel ; B, ball woighed ; W, wire windings of magnets 8, C stcc
shell and niagnet core. B

37 cm. in length and 9 em. in diameter, and having steel studs
serewed intojit so that the core could- be held in ~ he position
shown in the diagram. The end-surface of the inner core was

75 cm. below the upper surface of the wire coil.  The’ %teel used' o

is high permeability magnet steel.



’On pnsm\p; ‘a current Mxrough the mmrneb cmlq 8 m‘xgneﬁa ﬁd’?
< ig creafed in. fhe spaco just “above the _upper end:of ‘the inner;
‘ rqtecl core, whiel is \ery divergent, and which is not on]y strong
but varies very rapidly in'an 'nml dirveetion. - - i .
This magnet was placed underncath a shelf on whwlg stood a very’
. sensitive short-beam: chemical balance. eapable of chhm" to.one-
tenth of a milligram.. From one pzm ‘depended- a fine wire passing
. throngh a hole in the balance case and shelf, and served to wqpond_
a ball just within the field of the magnet.
1t the hall' was counterpoised by Wexghth and the mngrn(‘t then :

excited, the ball was subjected to dn upward or downward force -

which cither decreased or increased its 'xmvuont weight, according
as.it was diamagnetic.or paramagnetic. 1f W is the gainor Joss in
weight on exciting the ‘magnet; V the volume of the ball, H the
strength of the field at its centre, and dH/dr the rate of change of
the field in a vertical direction, then the equation

ORIW = K VH "”

gives us the’ mimf—ﬂmﬁu sueoophbx]uf_y (k) in

air of the body weighed.

In order to apply the method we require to know the value of the
ficld H at different parts along the vertical axis 'of the magnet and
also the value of the field for various exciting currents. .

A careful preliminary investigation on’ this point was therefore
made.  Constant currents varying from 1 to 12 or 1+ amperes were
passed througli the magnet coils and by means of a small se(:ondmy
coil attached to a calibrated ballistic galvanometer the-field strepgth
at various points in the vertical- central axis of the magnet was®
measured.  These measurements extended from close contact with

the magnet core to a point about 10"em. above the end surface of'

the recessed polar end of the inner steel core.

The distance in centimetres of any point from the (,Dd polar sur-
face of the inner steel core is denoted hy w, "this nréasurement
Leing made as exactly as possible alorng the central vertical axis of
the magnet. The strength of the.field at this point in C.(;.8. units
is denoted by Hiand the space rate of change in the z duectxou by -
dH/dw. LA

The following tables-give the e\cxtm(r currents (K) in amperey
measured by a We%om’tmmctm No.33134, and the values of @ and H. .
~ The value of dH/d« at any point can be at once determined from -

- the carve of H in terms of 2. ) R




-—Mngnetlmtwn Curvus of, Tubular : Electromagnef the’
Induction Donmt) or erld bcm<r mea.sm'ed at*a 'omt & centl

i~ - Kxeiting R [ E, ’ Inductwn dcnsxty (H) at vanous dxstunccs
o b current'by 1 True eurrent . @ from the pole
S Weston in ainperes. - ; :
1 aammeter, T T AT e o LD
No. 3134. : =0"15 emy ; =32 7’b em, | z =523 em.,
! | ) i
{ 15 . 153715 4374 T - .
S 14 14141 4200, T I —
i 139 14-040 . —_— 3269 —
v 13 13127 4054 3194 :
X 12 S 127094 3848 - - 3070 I 200‘>~'
V] Io1ZE 3648 © 2888 1897 -
10 f 100075 3407 2712 - 1782757 :
9 0e82 3104 2543 1682 ¢ 4
'8 . 8059 - 3014 2310 155 +
| 7 ! 7.059 - 764" 2153 14185
| 6 i 610200 2504 - 1957 1273
! 5 ; 5-015 i 2220 1740 . 1189
: 4 : 3°968 - 1884 1 1459 L0553
' 3 20994 1481 . 3161 749
: 2

i 1-958 992 . g76T l 4915

The mdmtlon density or field along the axial ]me was a]so
measured for two congtant excitations corresponding to currents. of
42:094 and 6020 amperes at various distances along the axial line,
~and the results are given in Table II. -

The results in Tables T and TI were then sct ou cawfullj in a
carve, and from these curves an mtcrpoldtxon tnble constmcted
showing the axial field at various points on the axis for different
exciting currents, and these values are given in Table III.

IHaving calibrated the magnet, the following objects -wore provxdcd
to be uscd as bodies to weigh in the field, viz.:—

(1) A silver ball, (2) a rather smaller copper ball, (3) several _

hollow glass balls cont'umnlr a llttle mercury, and .(4) u bismuath.
* ball. - E

In order to test the method and obtain confidence in the results we-
mude a number of preliminary measurements on the maguetic suscep-
tibility of water, solutions of manganese sulp_hatc and ferrous snlphate
of known densities.

These experiments were m'xdc by weighing the mlver ba.ll or hollow .
glass ball when immersed in these liquids contamed in a beaker i
placed in the field cavity of the’ magnet. e

Five weighings Were always made— . » e

(1) The wemht of Lhe ball inair, mu,rrnet net e\cxtcd

(2) Thc appat -




mes] AF]emmg ana J. De*véu’- '

(3) ’l‘he appavent wcwht of: thc ball in water maguet not excited.

(4) The apparent welght of - the ball in the solutxon used, magnet,
L .not excited. 8 .

(%) The. apparent ‘weight of the ball in the liquid, the magnet
being excited with & known current, and the position of the

B "~ - ball in the field accurately known.

o

* From these wexghmvi we obtain all the required information, For
from (1) and (3) we obtain: the volume of the ball, and from (1),
(2), and (3) the magnetic susceptlbxhtv of the ball, and. from (4).and
(5) the magnetic susceptibility of the liquid. .

—'F}TéTphm‘e—rr‘;mi—srs—a—mtmuimtauce was suspended b} a ]ong
‘ fine platinum or gold wire from one - pan of the balunce. A small
beaker filled with water or the salts solulion under test was placed

over the pole of tlfis magnet and the sphere suspended in it.
In some cases when using strong® exciting currents we found it"

Table II —lnductxon Densities (H) of Field'of Tubular Electro-
magnet at various distances o along the Axial Line.

Fileld = Hin CGS units.

“Distance
from pole face
= Jrem.,

For 6020 amperes. For12:004 amperes, |

2485

015 5 3853 .
i 058 24755 3525 i
i 101 2404 3711 i
i S 1044 23075 . 3582
1-87° 21965 | 3419 i
2-30 2068 3225
2:73 1935 - - © 3016
3:16 1794 2830
3-50- 1666 . 2624
402 1557 2453
. 445 14555 2201
158 1346 2128
531 ‘ 1253 1960
574 [ £ 13 - S 1820 .-
C 617 : 1052 7 16686
G- €0 : 9655 - . -~ 1521
7-03 f 867 1385
VA N 70 1260 . R
789 ; 680 1099 :
832 i 596 a55 .-
875 : - 5093 805 :
910 - 425 681
9-61 3565 564
) 1004 . 2945 462
1047 ©o231.4 . 368
1091 1899 289
11-33 14271 228
. 11°76 1142 - f - 175 - '




1eld »i/hfbﬂar :

) I.)\'utn!)k:t* from polfz face "Ratips of induction ,ﬂensit_g:oi‘

PLurrent | -on axial hne, 27 field H to field ‘corresponding to
¥ } BT 9. -
| 6:00or 12°0 truc amperes.
Westdn | SR : : : ¥
ampreter, |

Neo313% L0153 e, 2- '0 em, 525 emi . 0-l¥em. . 2-%0.cm. 5:5°25 em,
: - " .
0 O .
402 03950
742 L5923
520 67185
1128 DIFTNC
1274 < 1 1 0000
1422 11066
1556 "z . 12031
1°2045  1-2005 0
B irk 8402 0-8363
1752 £ KNG53 0. 8350
1800 [ERMETRL 0-0504
1052 . 1 -GuO 10000 XK
2080 10400 170488 7 1:0494
2168 10959 10957 16039
2210 14177 1°1188 11153
2254 11391 1

‘14200 © 1°1872

|
i

Lecessary 1o pack round the beaker of liquid with crushed ice in
crder 1o keep the temperature of the water.or solution frowm being
aised by rudiation of heat from the magnet coils.  Any rise of tem-
:Widt\]lt in the liquid under test, by causing variation in density,
introdoces w ditfenlty in obtaifiing exact and comparable weighings
o thie ball. » )
Tire position of the ball in the magnetic field was very carefully .
adiusted, su that the centre of the ball was as hearly as possible ou
“axial line of the magunet.  The distance of the centre of the ball
from the end of tlie magnet core wis also measured with as much
ceuracy as possible when the balance was lifted off its sapports, and

“ver the Tulavee index was in the zero position.

The distunce from the pole face measured in Lentunetres is called
the distance frem the pole in the following tables. Corresponding to
tlis distance (2) we krow from the preliminary experiments and the- -
results given in Tables I, I, and III the strength of the magnetic .
field (H) and its axial rate of variation dH /dz. e

The dimensions and weights of the balls used jere as followa.
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. . o Menin co- - =

S - AU S Fxr et ne oL efficient of
W | Weight | Dia. T Yelume Volume £ 7 cypieal -
'mlu}:e ofV S in meter | Density.! 1% 0 T c;gtunsmn"

- “grams. | inem. . o (A o " between

S s Jmem | 16°C. |=18°C) o0 na
. . —182°0, |
i - - ‘ T PR

1 8ilver cvvivues 132 010: 0! 290 10334+ 12775 | 12654 | 00000518

Copper .......| 37610 ; 200 9:92 | 4°226 ‘190 | 0-0000427

Bismuth......| 62-220 ; 2°27 9836 6-326 287 00000320
Glass ball con. |x, [ | S
taining meér- : . B !
cury, 1.1 18663 232 - 6539 513 | 0°C000200 . !
Glass ball cone ; o
taining mer- ! e . i
cury, No. 2.. 3 '4CQ i '40 - 1-462 4356 » ,
Glass ball con- . i
taining mer-| . . : S !
cury, No. 3..| 32500 | 2:68 —  '10-343 | 10340 " i
Glaas ball con-’ ‘ | ~ ! ) ]
taining mer- ; ; E i [
cury, No. 4..y 93 l 103 — . - 0388 586 - " ‘

In each case a- ;aeas&rement—ua%—mad&ef the magnetic suscepti-
bility in air of the ball used, by w elghmtr it in a kunown magnetic,
.field and observing the loss or gain in weight.
In this manner the following determinations werc made:—

The Magnetic Susrﬂptibility of the Silver Ball.

Weight of silver ball in air at 15° €. =

132:010 grams: -

Weight of silver ball in water at 2° C. = 119235 grams. -
YVolume of silver ball at 15” C. = 12:775 c.c.
I In. ‘ L ’ Iv.
. I
Loss in weight in gramsof silver :
ball when weighed in field _ } . R
= W. it iiiieeiiiene,., 070287 0-028¢ , 00142 0-0132
Exciting currents of magnet in ) {
e T R P 12 12 6 6
Magnetlc field in C.G.S. units | i C
. T e 320 2820 1708 2200
ded vurlntxon = dHjdx-.... .. ’ 426 459 - | 308 258
Distance of centre of ball from l
poleinem..o.ovieirasiive.| 1496 318 = 318 183
, Calculated apparent suscepti- :
[ bility = 210~ .....oieen s 1056 168, 1-97- 178
The absolute magnetlc .sl‘sceptlbxhty of air is 0:024 x 100, ..

The mean apparent susceptlblhty of SlhﬂLm_&Jl_IS_ﬂl.e!efOIB flpm




“the nbove ﬁrrm-eq oqnal to - lf 75 X1
~173x 10~ e 7
L Bwquez el glves —-1 74X 1’0‘“ as hxs observed value for silver. .o

. S .

I'he Vaﬁzehc Suacvpmbzlct/ oj thc ]h.smulh Ball
W exght of bismuth bnll‘&n air at la° C: = 0 990 | gvams

Yolume of bismuth ball at 10 C = 6326 ce. - 0
Lo I. o I .. I
i , & | .
Loss in weight in grams of bismuth . S
¢ bali when weighed in field = w0/, 0°085 0:067 ) 0030
< Kxciting current of magnet in ams - )
S UPETUS ci e easa st e eane 115 . 12 i - 6
CMagnetic field oo setaenraeean 2383 i 2185 | 1353
i quld varistion. ..., . 15 372 : 236
' Distance of centre of bull from pulc R .
e F 1 DU 486 486 . 486
(u\ nlated umnu‘cnt susceptibility = R :
i Aot e e -134 7 -13-3 =146

R

The absolute magnetic susc'cp_tibility,of'air is’0024x 107 The
mnean apparent susceptibility of bismath in air is, therefore, from the.
above figures equal to —13:77 x107% and the absolute suscephbxhty :
= —1375x10~ 3

Recent values fmmd by cthier observers are —134x10~ > P.. :
Curie),nand —133x107¢ (L. Lombardi). Hence our ‘own is In .
secordunce with these.’ o ‘\ .

< SR o S
The Mdgnetic 8 zma;ptibilz't,yv of the Cn.péiei‘ Ball.’

Weight of copper ball in air at 15° . = 37610 gi‘ams'.;,
Volume of copper ball incairat 15° C. = 4226 c.c.
. ) .

- L i II. II1. LIV

Gain . in weight —n—grams of I : v
copper ball wu field oo vy ooy s, I 0-009 0005 00055 " 00035

Exciting currents of magnet iy i :
Loamperes ..., . 6 37 6. 3
Magnetie ficldo,oovaiienaa ] L1220 700 518 298
Field varintion . B TR 227 132 103 . 11
L Distance of (umrc «i bull trom ) . o
pole inem. ..... T - 1 546 87 872

Calculated apparent  suscepti- . B
bxluty L LT I A +12:5 | +129 +28




: traces of ‘iron. “We¢ constructed a curve by which lt\ suscepti blhty
“iu vavious fields could be deduced from thé above observations, but
the only reason we employed it was because it secmed d(,au"tble 1o
determine the absolute e,usceptxblllty of the liquid oxygen with bodies
as far as possible different.in susceptlblluy ‘Hencé we. selected
silyer,-bismuth, and the abovo sllghtly ferl'oumgnetm copper biull for
the purpose.

The Magunetic SuscephbthtJ of various G’las: Bulls partly ﬂllml witl

- ’l[uc‘urz/
[ [ T ]
_ e i “No. 4 bull !
Nootball, T Nooz bl No, 8 bait - (renrly ful
‘ ‘ } nurunr_\)_
é Gain or Joss in: ’ ,,,,_L'Lhi,s_lml‘_pmyulhﬂl
wiight in grams | J be quite neutral | ) i )
of bull when =0°001 iy inthe strovgest L —0-0044 : —0-C007
i weighed in field | field we could | i
! . t produce J ‘
- Exeiting  ¢urrent ) . - 1 i @
i of magnet in ’ o
WILPCTes ... 6 - ! 12 = 12
I Maguetic fie 1. ceee 1330 — 3180 ! 2418
“Field variation . .. 231 : - 474 | 391

¢ Distance of centre .
©of ball from pole T
of magiet inem. 4106 Y — 238 | 4115
Cauleulated appar. : ' ’
ent suseeptibil- ) . . L.
iy = Ao, -05 2610 —-0°277 ~1-23

We have, then, the fo]lowmg data for the glass balls :—

{
No: 1 ball, No. 2 ball, ] No. 3 ball. | No. 4 ball,

. Weight in grams. .. 18663 3 400 o 32-p00 595
Volume in c.e. at '
15 Connnin o . 6530 1-462 - 103127 05882

; Dmmmer in cm. 2-32 i 140 . 268 1-03
. Absolute wagneric T ¢ ; .

susceptibility in | S
[ovacmumL. T =048 x 1078 | — 01024 x 100 | — 025 x 10-81 — 1 +21 x 10-8
L. L . " )

As a further check on the mcthod we employ ul the above deter-
minations of the susceptibilities of the silver and glass ball, No. 3,

to obtain the value of the susceptibility of distilled water, ,T_he
measurcment& were as follows ™ e e .

+ <
* [

'I‘he copper ball pvovcd to be fermmagnotlc, owing,. no doubt to



“On. t/w 1IaJne

Mu_]ndu: SuscepnbllL[J o/' Watm

susceptibility of ball'= —1' /3 x 10""
volume of ball =12'775 c.¢:

y susceptibility of ball- = —02h X 10““‘
1 w’th gl““ bull, No. & {volume of ball = 10-3437 ¢.c. 3

1, with silver ball {

i L . IL.
] .
Gain or loss in “mgh( of- ball when } ; : e :
weighed in ficld and in water ..., —0-0146 | =0-0163 +0°0063
T gram loss loss increase
Exeiting currents.of magnet in am- [ -
peres . | 12 145 12
annom hcld 2802 -« 2848 3180
Field variation. . .. 456 465 i 474
Distanée of centre nf lmll fl\nn pole g ..
of magnet in em.. . 322 379 ©2:38 -
Apparent qucq)tlblhl\ (yf—bﬁ-ﬂ—m——————— - -
| water = 1076 vt —0878 1 —0-945 +0°333
) I i - .

The absolutes

—(1 t.i-ObS)lO"“-— — 085 x10-* ,
and —(173—004)1070 = —0'79 x 10~ from the experiments with
the- silver ball; and —(0°333 +0253)16-° = 059 x 10" from the,
experiments with the glass ball No. 3. The mean of these value!
gives —0'74x10"" as the absolute susceptibility of water. The -
following ave some of the values obtained for the magnetic suscepti-
hility of water by, older and by more recent observers,

- o Value of
Observer. h k 10-° for water.
Faraday ..o oonaio 072

k. Beequerel ..oviiiiies .o 067

) S 413 A 079
Townsend....... crernaesaes 077
Quincke . v.uu. ... eiianea... 081 :

DuBois ..ovvviieiiiiina. 084

Mean value = 0'77

Hence our value for water 0°74 = £k10~° is not far from the- mean :

of the above results. i i
Many other experiments were then made with various solutlons .

of salts of iron and manganese, which satisfied us that we could_"'

place reliance upon the results of this method . in measuring the -

magnetic susceptibility of a liquid, and we Mﬁded toz_v ,
experiments with liquid oxygen,
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The bulls were accordmtrly nll wmo'hcd in l\qmd ox’ygen contamed

" in a vacuum vossel placed over the po]e piece-of the magnet. This
.vacuum vessel contained mercury in its vacuum space and was of an
~ unusually’ excellent kind: -~ In it liquid oxygen could be preserved
for_periods of many hours without a trace of ebullition, and no-
dlﬁiculty was ‘experienced in. making the- weighings with great
“These" welghmﬂs of course served. also to determine the
The results are embodied in the

‘lCCut‘dCy

density of the liquid oxygen used.

following tables.
In each case the weighings ¢ give the apparent susceptibility of the
liquid oxygen, and these figures have-to be corrected by adding or

subtracting a number representing the absolute susceptibility of the

ball at the liquid oxygen temperature.

* Thus in the Gpse of the

silver ball the figure subtracted is two, as the nearest integer repre-

senting the susceptibility of silver at —182° €.

In the case of the

bismuth ball the figure subtracted is sixteen, in the case of the glass
balls it is zero or at most unify, andin the case of the copper ball
the correction is additive, depending on the value of the ficid.

Table V. ~Demrmmmon&oﬁtheﬂmm3uacephbmt) of quxd
) Oxygen.

v I With the Silver Ball.

Volume of ball = 12684 c.c. at temperature of liquid oxygen
Density of liquid oxygen = 1-1376.
Distance of centre of ball from pole of magnet = 537 cm.
Magnetic Susceptlbxht_y of silver ball = 173 x 107"

i
I Exciting “Lossin | Absolute
i current by Ficld Field weight of Apparent |susceptibility
| Weston . variation ball in susceptibility,! " of liquid
i ammeter, dUide. grams.,, | i107% oxygen,
| No.313k / ‘[ k106,
| ) ; | |
15 2218 408 I 3-7583 322 320
145 2174 0 400 |os62e2 | 323 321
12 1950 | 359 I 2°8845 319 -317
9 1646 | Buzes | 20365 317 315
6 Y242-coo22g 1203, ! 337. 335
1 928 | 1704 | 0¥55 | 336 334
g 723 ‘ 1327 . | 04283 343 341
: . |

Mean value of susceptibility of liguid oxygen

the silver ball = 326 x 107,

as determined with



- ()n ilze ﬂfagnelw Suscepizbzlzt - of -

II 'Wx th ihe menth Ball _ :
Nolume of ball 'mt tcmpemturc of liquid. oxygen = G 287 c.c,

Density of liqaid’ oxygen = 1’ 1397,

Distance of centre of ball from pole. == 4 860 em.
' ’\qunctlc suscephblhty of bismuth ball = 13-75x 10~ at 15° (6F
= 159% 10‘“ at —18"°

zqdi(l /Jv}/g'

n 39 H B
[
Fxciting % Loss in | Absolate: }
. Exeit : Losa iz |- o

current by - Field weight of | -° uscepti suacolpnbl(llxt,) i

Wost Field. |, . tion ball in bility, of liqui l

eston variation. o 1075, oxygen, |

ammeter, ¢grams. ) LlO"’ ]
12 2135 373 . 1655 325 309 s

5 13387 236 0703 344 28
i z

Mean value of qncoephhﬂﬁrof—hqtml—ovygen as- dctermlnud with
the bismuth ball = 319x 104,

Volume of ball at temperature of liquid oxygen = 4190 c.c.
Density of liquid oxygen = 1-140.
Ihigtance of centre of ball from pole == 546 cm.
Magnetic susceptibility (varies from 8x 107° to 15 x 10~ )

|
o . Absolute
Exciting ' Lossin Ry
current by - Trield weight of Apparent susce p'tlbl'llf,y
. Field. . B suﬂcepmbll\ty of liquid
Weston variution. ball in ~ :
ummeter ’ rrams k107 ox¥een, .
: | BT, ko=
| - -
6 "o1220 | 297 | o0-3721 a5 } 323
5 {1uso 201- - 02930 36 325
+ ! 911 169 -5 02696 318 i 329
3 : 709 1319 0-1282 321 ! 333
2 | 470 NT 4 00546 311 326
SR

Mean value of susceptibility of hqmd oxygen as detelmmcd with

the copper ball =

327 x 10-¢,

I




Distaice of centre of ball from pole. =

. J

rA Flemmg; andJ Dewax.

IV W th the Gla,sa Ball Ao. 1.

Volume of bal] at temperature of hqmd ozn.y gen, = () 515.c.¢.
Densnty of liquid oxygen =1 1391. ‘

= 4:96 cm,

Mgwnetlc susceptibility of ‘glmss ball == 048 x 10-¢.

"J:q,

NI

H o [ ) , i .
L | >
} Excil‘inhg i l Tield 'I:'os‘»%'tmf Apparent, :u:Englgflth)
eurrent by - gond, el weight © susceptibility.  of liquid
Weston l variation. ball in | A 10"’ N
o | . grums. | oxygerr,
ammeter. i g 7 1 Ic.l()*_". .
I |
l ; i |
| 7 1480 | 257 0-815° | 323 3225 .
| 6 1330 | 231 0671 320 L 3285
L 3 7 j 1349 0229 329 {8285

Mean value of susceptxbxht) of liquid oxygeu as detexmmed \\1th
the glass ball No 1= d ’b x 107"

TV With the Glass Dall No. 2.
Volume of ball at temperature of liquid oxygen = 1456 c.c.
Magnetic susceptibility of blel

0024 x 1078,

| ; | i , |
Dismn(’c Exciting i ! . Lossin Apparent ‘\‘bl_‘o»l"“? ]
H . [ . .. susceptibility
of ball | current | Fiel Field | weight suscepti- S
| : ietd. LR ol of liquid
from of | [variation.| ot ball . hility, oxyae
pole. - magnet, l J ©in grams. k1075, kl';g(‘)l;',];j
457 1 145 ‘, 2500 ¢ 4273 | 0°4919 |, 3101 " | . 310
4 145 i 2500 | 4275 04916 @ 3099 ! 310
| 13 2350 | 4oz 04333 309-1 309
o1 I 2240 | 383 03936 3091 309
|12 2240 | 383 03947 310°0 210
l 6 j 1422 ¢ 2365 0-1721 - 3448 345
6 1422 2365 . 01723 3452 345
704 | 12 1879 | 817 0 Pogaled 348
‘ 12 1379 317 0-2252 0 347°1 347
G 865 215 0 L)SS)L o323 324
| “ 1 ges L 0-089% | 6230 ' 32y
: ‘ i

Mean value of susceptibility of hqmd oxygen as d(,termmed with

the glass ball No. 2 = 325 x 107"




VLWt the Glass Ball Noo4. - -
Vo]ﬂm_e-of. ball 't fxf{nx;)ei~atui‘c of liquid oxggen = 0'5'858»(-:.0.‘ S
“Magnetic susceptibility of hall’ ="—123 x o0

| ST | I : !‘ A bsolute
) I ’ o Loss in. | Apparent | suscepti- |
. D1§Luucc' : ‘J_'.xmun‘g ' f Field woight of stlmlceﬁti- i bility of
of b“‘“l ;current of | Field. | o dation, | ball in | - bility, . : ~ liquid
é from pole.” magnet., grams. <[ k1075, | oxygen,
[ . I 1 . . L klo-e.
] \ < ST ] ! -
_genan 151 2302 43700 071912 306 . 305 |
Poas 0 g0 437 ' 041902 1 305 | 301
bz 2102 38+ 0TS 306 ) 30p
oo 1T 234 1 oo0e0628 | 336 "'335
b1z zio2 381 014777 | 3065 305 -
6 1387 - 284 0-0620 332 331 -
115 12 2418 391 Y D795 | 318 - 817
; 6 1532 238 1 00790 . 361 | 360

Moan value of susceptibility of liquid oxygen ﬂsvdetermiped with
glass ball No. 4+ = 320x 1076, o :

)

The_absolute susceptibility is derived -from the apparent suscepti-
hility by adding or subtracting the susceptibility of the ball used
aceording as it is paramagnetic or diamdgnetic. . o

I the case of the copper ball, owing probably to traces of iron, the
parnmagnetic susceptibility is rather large and varies with the field.
The proper additive eorrection was obtained by deawing a curve
und setting off the observed values of the copper ball susceptibility
‘as ordinates corresponding to the proper field strengths.

The mean value from all the six scts of observations comprising
thivty-six determinations with the silver, copper, bismuth, and four
‘wlass balls is to give a value of 324 x 10~ as the mean co-cfficient of
magnetie suseeptibility of lignid oxygen. From the - relation
w=1+4rk, the maguetic permeability can be deduced, and - if
Io= 324 % 107* we have 1 = 10041, as the value of the permeability
of liquid oxygen. o )

The value of « we. gave (see ‘Proc. Roy. Soc.,’ vol. 60, p-292)
as the result of Giiv forimet éxperiments by a totdlly different method
wag n= 100287, or nearly, 1-003. ‘ SO
" Hence these two methods agree in giving values of the magnetic
permeability of liquid oxygen differing only by about one part in a
thousand. R g 3 !

The results of the present work must, however, be taken {msggiviug”
a much more probable value of the magnetic susceptibility. "~ -

Orn examining. the above results it witl-be—scen—thut ther




: fgenoral tendoncy fox' thc suf;ceptxbxhty w1th ]m-gc ficlds of ﬂm order )
“of 2000 tn-be less “than the suqceptlbxllty for: fields ox the order
of .)()0 The average nuacephblhty in, fields “of from 2500 16 1900
4s more nearly 310 x lO.", and that m helds from 1100 to .)OU more:-
neat‘ly 330 x10~°. :

“The difference ‘only amoutts to about 10" por ccnt,. of the lowex
value, and it canngt be said: that the observ ntlom ave all of ‘exactly

equal weight.
The general xcqult is to show-that between the limits of H = 500 -

and H-= 2500 the average magnetic sisceptibility of llqmd oxygen
has a value which does not ditfer mueh from 324 x 107, but with a

small but decided tendeney to decrease in strong fields. ]
The determination of the variation of susceptibility in much
weaker ficlds is left undecided by these experiments, but by the
“employment of a torsion balance we }mlm to be able before long to
cive the ratios of the susceptibility in various fields mach weaker
than those employ ed in- the-foregeing experiments. ’

In connection with the determination of the absolute magnetic
susceptibility of liquid oxygen, our attention has been much directed
to the important matter of the determination of magnetic suscopti-
bilities of substances in general at very Tow temperatures.

Having regard to the ‘great loss in magnetic susceptibility
experienced by tlie ferromagnetic metals in heating beyond a certain
temperature, it has been frequently suggested that bodies of small
susceptibility might become strongly maguetic if covled to a
sufliciently low temperature. Faraday made many experiments on
this gquestion, using solid carbonic acid as a refrigerating agent, but
was not able to arrive at any conclusions.

A difficalty which presents itself in the use of liquid oxygen as
a refrigerating agent for this purpose is the strou«rly magnetic
quality of the hqmd itself.  All hodies except iron, nickel, and
cobalt, -and the strongly ferromagnetic bodies, become apparently
diamagnetic when placed in-liquid oxygen and in a non-uniform
magnetic field.* )

Moreover, for obvious reasons it is easy to weigh a diamagnetic or
apparently diamagnetic body in a non-uniform field because the forces
restoring the dlsturbed bUdy to its original position increase with

* An mtereqtmg experxmont was made with a ball of ebonite which illustrates
this fact, Ebonite is slightly magnetic in air, owing no doubt to iron impurity.
Ebonite is denser than liquid oxyger. = Accordingly, a small ball of ebonite
dropped into the liquid oxygen contained in the vacuym vessel of the pole of the
magnet sunk to the bottom of the vessel. On exciting the magnet the ebonite
became apparently strongly diamugnetic and was repelled by the pole. It floated
up in the liquid until it reached a level at which the diamagnetic Tepu'sion just
balanced the nppurent wmghL of lhe bnll in the hquxd OX\gLn - Instructive

‘lccmrcexrcnn. b 3 —TE




: -thc dlsplacemcnt. 'If howcver, an att&mpt is mude to determme the‘ 2
force acting upon - pnramngnehc body-in a non-umfox'm ﬁeld by a

i balance, the body. weighed is ih unstable equilibrium. .

. Ve have only’ reucnb]y overcome. these “difficulties. Ths‘ method -
Cwe llaw adopted for’ cooling the body nnder. test, is to suspend 1t
frecly pear the bottom® of & test-tube, whichis  placed in a vgenum
vessel, thetinterspaco between the two-being filled with liquid air. -
In this \\ny thie body ig cooled b) mdmtu)n to the tempenture of .
hqlud air,'and yet it is suspended in, and surrounded by, gaseous air,
. the magnetic susceptibility of which is excecdingly sma.]l comp&red
with that of liquid oxygen or liquid air. ‘

By limiting the vibrationh of the -balance thhm small llrmts hy S

the stops, or by gradually varyiug the field of the magriet with a
carbon rheostat,.until the field is just able to mové the object from a

standard position agaiist the fixed xcstmmmv force supplied by a . -

constant counter-balancing weight; we have been able to effect the-
- measurements of the apparent weight of the tested object at a given
distance from the pole, and in_a known field, even, _thongh the
cquilibrium is not stable. In this way . we Inve made prehmm'uy
cexperiments on the variation in the diamagnetic susceptibility of
bismuth, and of the JMWM m}mganoua sulphate
in the solid condition. -

We.made o pulmumxy experiment b_y weighing in and out of
the magnetic field: a small closed glass bulb, exhausted of its air
both whex{'iu ordinary air, at thé normal pressure and temperature,
and then suspended on . the dense gaseous air in the inner test-tube,

. whick is at a temperature of —182° C. lying at the bottom of the
inner test-tube, placed as ‘above described in a vacuum vessel. We
found the magnetic susceptibility of the dense air at —182° C, to~
he +028x 1075, in other words about 10 times the susceptibility
of air at the normal temperature and pressure. This number 0-23
is quite insignificant compared with numbers of the order of 100 or
300, Hence an object suspended in the above described manner, can
be reduced to the temperatare of liquid air without changing the
susceptibility of the surrounding medium by -an amount which is at
all comparable either with that of liquid oxygen, or with the value
of the susceptibility of bismuth, or of most paramagnetic bodies
such as the salts of iron, nickel, cobalb manganese, or of palladlum,
or any of the str ongly paramagnetic bodies.

" In this manner we have made a determination of the chanoe in
paramagnetic susceptibility of crystallised manganous sulphatc i
the form of powder.

We find thw§ the susceptibility of the salt at 25° C. is'to that. o

it —182° C. in the ratio of 105 to 349.0r 1 o 332,

These centigrade temp}:ratmes,z C. and —18"°C correspond to‘ e
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298 and 91 on. the absolute thermometric’ sca]e,wand it is obnouq

. thetefore that the paramagnetic susceptibility -of solid mﬂnganr,m\

" sulphate is ‘increased by coohng go that its value varies inversely as-
the’absolute temperature, and is increased threefolcl by cooling to the
tempwatuie of liguid oxygen.

It has been shown by P. Cune, that the above law holds rrnod {or
oxygen, palladium and other ‘paramaguetic bodies at high tempem- '
tures ; and E. Wiedemann (Pogg. Ann., vol. 126, p. 1, 1885) -and
Plessner (Wied. Ann., vol. 39, p. 336, 1890) lmve sho“n that- for
limited ranges of temperature, 16° to 60° it is true for pammagmtu
salts in the liquid and solid condition.

—Qm‘—expeumeats—shen—thatms law may ‘be valid over very wide

limits, and to very low temperatures. Wehope to fully examine this
matter short]y, ahd to make a full examination of pa,ra.mzwnetlc
i suscephblhty ‘at very low temperatures.

We have also made measurements of the magnetic susceptibility
of bismuth at the lignid oxygen temperature.

From the mean of three evpemments, we find that the diamag-
netic susceptibility of bismuth is increased by cooling, and th‘lt 1t
has the followmg values —_ -

Diamagnetic susceptlbxhty of blsmuth at 15° C. = 13- 1,‘
i " X} ‘—1820 C =15 9

thus showing an increase of 16 per cent. on the lQ‘“ er value.

. The diamagnetic susceptibility of bismuth istherefore not increased
inversely as the absolute temperature on cooling.

The above considerations suggest that the very large paramagnetic
-susceptibility of liquid oxygen, which is five or six times greater
than that of a saturated solution of ferric chloride, may jn part be
due to its low temperature.

Some experiments we have made on the susceptll)xhty of man-
ganous sulphate indicate that pammagnetlc susceptibility varies
directly as the density.

The density of liquid oxygen is 806 tinies that of gaseouns oxygen
at 0°C. and 760 mm.’and its absolute temperature is just oge-
third.

Hence if the Jaw. th'\t susceptibility varies as the density and
inversely as the absolute temperature holds good down to the tem-
perature of —182°C., and over the physicul change of state, we -
should expect the susceptibility of the liquid oxygen to be 2418
(= 806 x 3) times that of the gas.

The magnetic susceptibility of gaseous oxygen as determined by
Faraday, E. Becquerel, and others is 0113 x10-%. Now 2418 x0'13
x10-% = 314)(10“ :




The me'm value we Imve fonnd for: tiu, qnsceptlbxhty of hquul

-oxygen s ‘3"4x10*‘, and mrmy of our ‘values for it-are exactlv 8

Blex 1078

‘1t seems therefore poéslblc thab for pammagnet&c bodies over vnde

limits of ﬁem-nty and . temperature we may find that the magnehc -

-suqcoptxblhty varies dnectly as the densxty and mverse]y ag the ' -

absolute termperature.

We desire to add that our thanks are’ dneto Mr. J F Pptave
and Mr. J. T. Morﬂs, for their assistance in carefu”y carrying out
the tedions work of the ballistic observ ations, necessary to determine

the field of the electro-magnet we have used. ° /

“Aluminium as an Electrode n Cells for Divect and Alternate
Currents.”” - By E. WiLsox. Communicated by Dr. J..Hop-
_KINsON, F R S. Rcceu ed—ald—\—l—Le—R(%‘Ld May 26, 1898,

This paper deals thh the apparent great resistance which alumi-
nium offers to the passage of an electric carrent when used as an
anode in cells coltaining, for instance, snch an electrolyte as alum n-
water. The following are references to papers which deal in whole -~
or in part with this or other properties of aluminium when employeéd |
as an electrode in electric cells.

Wheatstone. ¢ Roy. Soc. Proc.” Read April 26, 1855. This is the
carliest paper I have found dealing with the metal alaminium in
voltaic cells, but Wheatstone does Jot appear to l’mve noticed the
apparent great resistance mentioned above.

Heeren. * Mittheil. des Gewerbevereins fiir Hannover,’ Jahrg.
1855, p. 342. Reference is made in this paper to Wheatstonels
experiments. ’ ‘ .

Lufi. * Lisbig’'s Annalen, 1857, vol. 102 p. 269. The author of . . -~
this paper points out that nine Bunsen elements were not able to
pass a current through a cell having aluminium as an electrode. . =
This is the first mention of this property I can find." :

Ducretet. ¢ Comptes” Rendus,” 1875, vol. 80, p. 280; also ¢ Jmun
de Phys., 1873, vol. 4, p. 84, Observed _great resigtance in diluté
sulphuric acid dne to alominiam plate. . * ‘ -

Bectz. ¢ Wied. Aun., 1877, vol. 2, p. 94. Supposes, oxygen to be
the cause of this apparent hlgh resistance. : ‘

Winketmann: * Wied Ann.,” 1883, vol, 20; p. 91. - '

Wright and C. Thaompson. Plnl Mag., 1885, Part 9 Semes h
vol. 19, pp. 27, 116, 203. Call attention to the non-comphance of
alummmm with thennochemxcfxl datq. Reference isvmade to the -, =+
work o£ Juhus Thomsen : ' R TCER Lo
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“ On the Conversion of hlectnc 'Oecxllg.ﬁo/ns into Continuous
Currents by means of a Vacuum Valve” . By J. A. FLEMING,
M.A, DSe, FRS, Professor” of (Llectncal hngmeenng in
Umversny College, London. " Recmvcd January 24 ——Read

m,l'ebruary 9, 1905. | '

An_electric oselllatlon being an albermmng current of véry hlgh
frequenty, cannot directly affect an ordinary movable eoil or movable
- needle galvanometer. - . - .
Appliances genarally used for det;ectmg electric waves or electric
oscillations are, therefore, in fact, alternating current instruments, and
must  depend for their action upon some property which is inde-
pendent of the direction of the turrent, such as the heating effect
" or magnetizing force. The coherer uset? in Hertzian wave research
is not metrical, since the action is merely catastrophic or: accidental, -
- and bears no very definite relation -to -the energy of the ostilla-
« tion which starts it. Even the demagnetising action of electric
oscillations, though more definite in oper;mon than the contact action
. at loose Jomts, is far from being all that is required for quantitative
* research. It is obvious it would be an advantage if we could utilise

the dxrect current mirror gal\ apometer for the detection and measure- .’

. ment of fecble electric oscillations, This can be done if we “can
discover-a medium with perfect unilateral (ondncnvnv '

Some time ago, I considered the use of the aluminium: (arbon’
electrolytic cell’ with this object. It is well known that a cell con-
taining a plate of aluminium .md«.nrbon, immersed in some electrolyte
which yields oxygen, such as dilute sulphuvic acid or an aqueous
solution of any caustic alkali, or salt yielding oxy gen, has a unilatera! .
" conductivity :within limits. -~ An electric current. under a certain
 electromotive force can pass through the cell from the ‘.allmn to the
aluminium, but ndt in the reverse direction. ‘

_ This actich has-boen much studied and is the ha.sn of many tmhnu‘nl

devices, such ad the \odon electric aalve.-

~ The electrochemical amon by which this umldwral conduttnlt\ s
produced involves, however, a time clement, and after much experi-

menting I found that it did not operate with high frequency currents.

My thoughts then ‘turned to an old ohservation made by me in 12889,

communicated to the Royal Society, amongst other facts, in & l’aper -

in’ 1889, and also exhibited expenmenta]l) at'the Royal Institution in
1890.* This was the discovery : Lhat if a cdrbon filament electric’

¢ See ‘Roy Soc. Proc. ; vol. 47, p. uz 1890 “ Olv'ﬁ'lednc Discharge between
. Electrodes at different Temperatures in Air and High Vacus,” by J. A. ltlemmg, ,
communicated Pecember Js, 18%9; sce llso Proceedings of ths Rov-l l‘mm ution,’

e
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low lamp contains a pair of carbon filaments or a single filament and
a metallic plate sealed into the bulb, the vacuous space ‘between
a unilateral conductivity of a pamculsr kind ' when the

carbon filament, or one of the two ﬁlament.s, is.made incandéscent. I
have quite lately returned to th Jn matter, and have found that this

sci”atimw tnto Continuous (,'urrentté.'"v - 477
( -

- unilateral oonduct,mty exista’ even with alternating currents of high
frequency and is independent of the frequency. _Hence, in a suitable
form, it seemed possible that sich a device mguld provide us with a
means of rectifying electric oscillations and making them measurable
on an ordinary galvanometer lhe following - experlments were,
therefore, tried :— - e

Into a glass bulb, made like an mcandescent lamp, are sealed in the -
ordinary way two carbon filaments, or there may be many filaments.
On the other hand, ene carbon filament may be used and a platinum

. wire may be sealed into the bulb terminating in a plate or cylinder of
platinum, aluminium or other metal surrounding the filament. - It is
preferable to use a metal plate - carried on a platinum wire sealed into
the glass bulb, the plate being bent intos cylinder which surrounds

both the legs of the carbon loop. The diagrams in fig. 1 show various
forms of the arrangement. Diagram « shows a bulb with a single carbon
filament surrounded by a metal cylinder, 4 shows one with two carbon
filaments, and ¢ a carbon filament and two insulated metal plates. The

. ends of the carbon filament which is rendered incandescent are marked”

" 4 and - and the terminal of the other electrode of the valve is

‘marked f.  The bulb must be highly exhausted to about the- pressure

usual in the case of carbon filament incandescent lamps, and the metal

cylinder or plate must be freed from occluded air, )

Suppuse that we emplu\ st h'a bulb cont: aining one carbon filament
surrounded by a metal cylinder (see a,'fig. 1).. The filament may be .
of any voltage, but 1 find it most convenjent to employ filaments of -
~such a length and section that they are brought- to bright incan-
descerice by an EM.F. of 12 volts. The voltage and section of the

~ filament should be so arranged that the temperature of the filament -

-~ corr enponds with an “efliciency,™ as a ldmp-mdke -would say, ef
<275 or 3 watts per_candle.” The filament is conveniently brought to

‘incandescence by a small insulated battery of secondary cells. A
circuit is then u»mpletul through the vacuous space in the bulb hetween
the cylinder and the filament by another wire which joing the external -
terminal -/ of the metal cylinder and that terminal of the carbon
filament which is in connection with the nega.tne pole of ‘the heating .
battery, Inm this last circuit is placed a sensitive mirror galvanometer
of the movable needle or movable (zoil type, and also a coil which may

vol. 13, Part LXXXIV, p. 45, Friday evening discourse on February 14, 1890,
* Problems on the Pnysice of an Electric Lamp,” when this unilateral conductivity
was experimentally shown, '
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be the secondary c:rcmt of an air core transformer in which electrie
oscillations are set up.” As is now well known, the vacuous space in
the bulb permits negative electricity to. move in it'from the hot
filament or cathode through the vacuous space to the cylinder or anode
and back through the galvanometer and coil, but not in the reverse

direction, as long as the cylinder is cool and the carbon filament not

at a temperature much above the melting point of platinum. To
illustrate the action of the hulh as an electncal valve, the follmnng
" experiments can be shown :— :

Electric oscillations are set up ina metal wire circuit b\'thc «hs(harge
. "of a Leyden jar, as usual. This circuit takes the form of a thic
. wire of one or more turns, bent into the form of a circle or square.
Some distance from this, we place another wire, of.several, say. eight

Fra. 1,

or ten turns, also bent into the form nf a circle, and cnnncft this last
wire into the circuit of a galvanometer and vacunm tmih made as de-

. scnbed sothatitisa circuit having unilateral conductivi itv. On e\ntmg .

the osmllatlons in the primary circuit by an ‘induction coil we have an
alternating high frequency magnetic ﬁeld produced, which -affects the
secondary circuit at a distance, The oscillations in this last are,
however, ablé to flow only in one direction. Hence, the galvanometer
18 acted upon by a series of int¢rmittent but unidirectional electro-
motive forces, and its needle or coil deflects. Since the field is a high
frequency field, we can show the screcning effect of a sheet of tin foil
or silver paper in a very simple and effective manner hy the effect it
p!‘oduces in cutting down the galvanometer -deflection when' the meta}

* sheet is interposed between the primary secondar) cireuits.  Also, if .

we move the secondary coil away from the primary coil or- turn the
two coils with their plancs at right angles to one another, then the
galvanometer deflection diminishes or falls to zero because the indue-
tion ‘is decreased Accordmgly, we -have in thls vacuum valve and

.
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associated mirror ga]vunome&er a means of detecting fecble alternating
electric currents or oscillations. Another method is to employ a
differential gal\'anometer and two vacuum valves. These must then'
be arranged as shown in fig. 2, one circuit G, of the differential galvano-
meter is in series with one valve V', and the other circuit G; with the other
valve V., but 80 joined up that currents flowing through the valves in
opposite directions pass round the two galvanometer wires in the
same direction as regards the needle and, therefore, their effects are
added together on the galvanometer needle. Fach valve must then
_have its own separate insulated battery to ‘ignite the filament. Also,
" it is necessary that the connection with the oscillatory circuit must be
made in both cases to the hot filament by that terminal which is in

‘ Fis. 2.

cotinection with the neg.m\e pole of the local batu_r\ usod to 1gmw
_the ilament (see fig. 2). :
. This arrangement of a dltfereutml gahanometer and two valves -
; trunsforms, of course, more of the alterm\t.mg oscillation into’ direct
“current than when one valve alone is used,* It prondea us with a
means of detecting electrical osclll.mons not merely in closed eircuits:
but in apen electrical circuits.
“\When: 80 using it, it is necessary to associate with the osclllauon
valve and galvanometer an oscillation transformer for _raising the
. voltage. The resistance of these valves, when in operation, may be -
- anything from a few hundred ohuis up to some megohms, depending
on the state of incandescence of the filament and upon the electro-
motive force employed to drive the current through the vacuous space,
as well as upon the size of the ﬁiamem. and the plaw. This resistance -

. vor,.m(xlv..1 o » L e 2N' _
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does not obey Ohm’s law, but the current increases to a maximum and
then slightly decreases as the voltage progressively increases. The
form of oscillation transformer employod with the device is as follows :
A small air-core induction coil has a primary cu‘clut ‘which consists of
52 turns of gutta-percha covered wire, wound in a helical groove cut
on an ebonite rod 0-5 inch in diameter and 6 inches in length: The'
primary circuit is made of a No. 20 or No. 22 8.W.G. copper wire,

*-The secondary circuit consists of 36,000 turns of fine silk-covered wire,

~ No. 36, wound in six coils, each having about 6000 turns, and all
joined in series. This sccondary circuit has one terminal connected to -
one commbon terminal of the galvanometer and the other ta the common
terminal df the two oscillation valves (sce fig. 4). The primary coil of
this oscillation transformer has one terminal connected to.earth and the

“other to a long insulated rod which acts as an aerial or electric wave
collector. To prevent the direct action of the transmitter upon the

~ secondary cail ‘by s)mple electromagnenc induction, it is best to wind

~ the secondary coil in two equal parts in opposite directions and to

* wind-the primary in a corresponding manner. : ;

If an electric wave sent out from a similarly earthed t ansmitter
falls upon the rod, then ‘an electrical oscillation is- set up in the

_receiving ‘circuit and therefore in the primary coil of the oscillation
transformer inserted in series with it. This oscillation is raised in

“voltage by the secondary coil of the transformer, and by reason of the
unilateral conductivity of a vacuum valve, pl:ued in series with the -

. coil, one part of the oscillation, viz., the positive or the negative

current, passes round the galvanometer coils and affects it.

- If we employ a sensitive dead eat galvanometer of the -type called

by cable engineers a *Speaking Galvanometer,” then intelligible

signals éan be sent by making small and large} déflections of the

. galvanometer correspondmg to the (]ot and dash of the Morse alphahet ;

. anyone who can “read mirror” can read off the signals as quickly as
they can be sent on an ordinary short submanne cable with this-
arrangement. - ‘
~ The arrangement, although not as sensitive as a coherer or mignetic
detector, is much more simple to use. Also it has one great advantage,
viz., that it enables us to examine the hehaviour of any particular form
of oscnllamon producer. By means of it we can detect changes in the
wave-making power or uniformity of operation of the’ transmitting
arrangement, ‘by the variation of the deflection of the galvanometer.
Thus, for instance, if a spark-ball transmitter is being' emplowd and
the deflection of the galvanometer in association with the receiving
aerial is steady, if we put the slightest touch of oil upon the spark-balls
" of the transmitter, their wavemaking power is increased and the
deflection of the galvanometer at once increases. Since the current -
through the galvanometer is the result of the groups of oscillations

i

S



1905] Oscdlatmm into ('Anunumu Currents. - 481

which are created in the receiving circunit, and since in the ordmary
transmitter these oscillation groups are separated by wide intervals of
silence, it is obyious that we can increase the scnsitivencss of the above
described arrangement hy employing a very rapid break or interruptor
with the induction coil. If, for instance, we employ a Wehnelt break with
the induction coil or a high speed mercury hreak or alternating currept
transformer, we get a far better result as indicated by the deflection
of the galvanometer than when emplovmg the ordmar) low frequency
spring or hammer break.

The 'point of scientific interest in connection with the devlce, howe\ er,

_is the question how far such unilateral conductivity as is possessed by

the vacuous space is complete. The electrical properties of these
vacunm valves have accordingly heen studied.

A ‘bulh containing a 12-volt carbon filament’ rendered brightly in-
candescent by a current of about 27 to 3:7 ampéres was employed.

" The filament. was sursounded by an alumininm eylinder. The length

of the carbon filament was 45 em., its diameter 0'5 mm., nnd surface
70 square mm. ’

“The aluminium cylinder had a diameter of 2 cms., a height of
2 cms., and a surface of 125 square cms.  The filament was shaped like
a horse-shoo, the distance between the legs heing 5 mm. This filament

- was rendered incandescent to various degrees by applying to its -
- terminals & 9, 10, and 11 volts -respectively. Another in<ulated
hattery of secondary cells was eraployed to send a current through the

vacuous space from the cylinder to the filament; connection being made
with ‘the negative terminal of the latter. The current through the

~ vacuous space and the potential difference of the cylinder and negative

end of the hot carbon filament were meaeured by a potentiometer.  The

" effective resistance of the vacuous space is then taken to be the ratio of

the g0 ohserved potenual dm'ereme (valve P.D.) to the current (val\e

current) through the vacuum.

The followmg table records the observations.  The column he:ulod

- P.D. gives the potential difference hetween the hot filament and tbe
_cylinder, that headed A gives the current through the vacuous space in

milliamperes, that heided R the resistance of the space in ohms, and
that headed K10* is 100,000 times the conductivity. v

The result is to show that the vacuous space does not pnssessa ‘
constant resistance, but its conductivity increases rapldly up to a

“maximum and then decreases as the valve potential difference pro-

gressively increases. 1f we plot the current values as ordinates and
potential difference of the valve electroder as ahscisse, we find that the
current curve quickly rises to a maximum value and then falls again

 slightly as the potential difference increases steadily. The condnctmty

curve also rises to a maximum and then decreases (sco fig. 3).
The facts so exhibitod are well known characwmuca of gascous
R : . 2N
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Table I.—Variation of Current through, and ,Oonduc_:ﬁvity'of, s
Vacuum Valve with varying Electromotive Force, the Electrodes
being an Incandescent Carbon Cathode and Cool Aluminium

Anode. ,

»

— e e ! !

Carbon filament at 11 volts, " Curbon filament at 10 volts,

.

3717 amp., 41°47 walts. * ! , - 844 amps., 834°43 watts. ’
* ‘ - o e e - Ao ‘.
‘ Facuum Space. . . o Vacusm Syue. ‘
? - |- S
: . t | , '
P.D. A R i K| PDY AL R. K10°. |
) _i, ) |
. i P ! o '
06 | 0024 | 25000 40 | 07 | 0014 | 50,000 30 '
54 ! 0264 .| 20,650 486 | 28 | 0078 | 38360 26 |
.88 | 4SO | 183830 | 545 82 | 0892 | 20920 4°76,
182 | 3680 | 4691 © 214 128 | 0'824 | 15,830 656,
$29 | 26790 ' 836 11871 I 162 i 1789 | 83816 | 10°70
-g9-1 2802 : 1088 ! €61 2041 | 65-352 8756 | 266
7K 28426 ' 1,306 766 : 233 ' 968 | .2407 | 41°4
490\ 2650 | 1719 580 359 "10°037.| 3,877 | 280
702" | 2687 | 2613 383 497 = 0704 | 5016 ' 200
10000 | 2436 | 4106 250 ; 716 = 892 | 8027 | 136 |
o | _ { inoo 08 8-331 | 12,010 832
Carbon Slament at 9 volts, 112 smps., 23°0 watta.
Vacuum Space.
. ' - e B
P.D. l ‘A. .| R K10%. | P.D. A, | R | KIOw
: | : . - - :
I - L R ‘ - .
05 | G005 |.100,000 10 [ 242 | 233 | 10,130 | 100
25 | Q089 . 50020 20 | 282 ! 2:437 11,650 | 86
52 | @128 40625 | 246 || 3¢6 | 2508 | 14,59 686
83 | 0324.| 2562)| 40 1 496 | 263 | 19,170 50
88 | 0-361 21380 ! 41 .| 685 | 2374 | 2464 40
. 126 | 070 15970 655 | 725 | 2253 | 32,180 30
164 | 1785 0,432 | 105 || 1020 , 2067 | 49350 20
20-4 | 2351 | - 8,677 (112 ; |
[ b : P ot

conduction in rarified gases.* It may be noted that there is in these
.¢current-voltage and voltage-conduction curves a general rescmblance to
 the magnetisation and permeability curves of iron. ' o
To examine further the nature of this conduction, the following:
experiments were made. If a vacuum bulb, as described, is joined up
in series with a galvanomete:r and an electrodynamometer and an
‘ aloprnatiné electromotive force applied to the circuit, the two instruments
will both be affected. The galvanometer is, however, affected only by
® Se0 . J;";l“hom‘aon, « Gonduction of Electricity through Gases,’ Chap. VIIL

* v %
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~_the resultant flux of elcetricity in one direction. It measures the
unidirectional current. The dynamometer is affected by the bilateral
flux of eloctricity and it measures the total or alternating current. If,
therefore, the vacuous space is totally non-conducting in one direction,

T Ry He s
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one half of the alternating current will be cut out. The galvanometer
will read the true mean (T.M.) value of the remanent unidirectional
current, and the dynamom_eter will read the root-mean-square (R.M.S.)
value. If the conductivity in one direction is not zero, then the
galvanometer will read the T.M. value of the difference of the positive
and negative currents, but the dynamometer will read the R.M.S. value
of their sum.*

In the last case, the current through the valve may be considered to
be a conbmuous current superimposced upon an alternating current,

If we call I the maximum value of the nearly sinoidal current in one

dxtectxon, and I' the maximum in the opposite direction, then we may

say that the dynamometer reading (1)) expressed in true current value

is equal to g (I +1') where ¢ is the awplitude factor, and also that the
" galvanometer reading (G) in true current value is equal to g/f (I I) :

wherc fis the form factor of the current.t Hence—-

r )G
fI+I DG T

(_, YT

The frﬁction /("2f 7 say f3, expressed asa percentage raay be called
. the rectifying power of the valve, for it expresses thé percentage which the

_.actual unilateral electric flow or continuous current through the valve-

“is of that contmuous current which. would flow if the umlateml éon-
ductlvnv were perfect.

Perfoct rectifying power, however, docs not exist. There is not an

infinite resistance to movement of negative electricity from the metal

. cylinder to the hot filament through the vacuum, a.lt.hough this
_ resistance is immensely greater than that which opposes the movement

of negative electricity in the opposite direction. "This point was
- .examined, as Tolows: A very sensitive electrodynamometer was
skl]fully constructed by my assistant, Mr. G. B. Dyke, the fixed coil
’lmvmg 2000 turns of No. 47 silk-covered copper wire and the movable

il 1000 turns. The suspension of the movable coil was by a fine flat
phosphor-bronze wire at top and bottom. The deflection was observed
by a mirror and scale. S

® 1f { is the instantancous value of a periodicaily varying current with maximum
value I and periodic time T, then the root- -mean-square value (R M. 8. nlue) of ¢

is defined to be (; j 1"d!)‘ and the true inean value ( l‘.M. value) of i is defined ’
° s 4 !

bo—'de»: ‘ _ '

T }o

+ The form factor f and amplitude factor g are the names given by the author
(wo ¢ Alternating Current Transformer,’ J. A. Fleming, vol. 1, p. 835, 3rd edit.) to
the ratio of the R.M.8. to the T.M. value of the ordipates of s single valued
pefiodic_curve, and ‘to the ratio of the R.M.8. valus of the ordinates to the
. _-mnimnm uh;o during the penod

. e L v C .
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This dynamometer was placed in series with a lhl ted movable conl

’ galvanometer of Holden-Pitkin pattern, and the two together placed in
series with a variable section of an inductionless coil through which an
alternatmg current was -passing. A vacuum valve as above described -
was in series also with the galvanometer and dynamometer. .  The
alternating current was derivéd from an alternator giving a nearly true
sinoidal electromotive force. 'I'be form factor of the "electromotive
— force curve of this alternator was determined and found to be 1:115,

- that for a true sine curve being 1-111.

The vacuwm valve sifted out the alternating current ﬂow and allowed
the currents in. one direction to pass, but nearly stopped those in the

" opposite direction. The indications of the electrodynamometer were pro-
. portional to the. root-mean-square (R.M.S.) value of the sum of the two
opposite currents, and that of the galvanometer to the true mean value
(T.M.) of their, difference. The galvanometer and dynamometer were
both calibrated by a potentiometer by means of continuous current, and

- curves constructed to convert their scale readings to milliampéres.
Then - with various alwrnatmg current electromotive forces, their
readmgs were taken when"in series with a vacuum valve and recorded
in the following tables. The letter D denotes_current in milliampéres
as read. by the so calibrated ‘dynamometer and G.that read by thé -
gal\ anometer. The ratio D/G is denoted by z, and the recttiymg
- ‘power, viz., 2ffa+fby B. .
The tahle shows that the value of .2 is not constant, but for each -
state of incandescence of the filament reaches a8 maximum whxch,"
_howev er, doos not greatly ditfer from the mean value for the range of
_currents’ uged. .If wé set out the mean values of [ in a curve (sece .

ﬁg 1), in terms of the power expended in heatmg the carbon filament,

we see that the rectification is less complete in proport.xon as the .

temperature of the carbon filament increases.” This is probably due
‘ to the fact that as the filament gets hotter, it heats the enclosing
" cylinder to a higher temperature and enables negame electncny '
- escape from the latter. _
«  Hence, I feel convinced that if the mctal c)lmder could be kept
qulw cool by water circulation the redmcatlon would reach 100 per cent.
. or be complete.
- An ideal and perfect rectifier for electric oscillations may, therefore,
be found by enclosing a hot carbon filument and a perfectly cold metal
anode in a very perfect vacuum. With a bulb. such as that used for
- the above experiments all -we can say is that the current passed
through the vacuum is from 80 to 90 per cent. continuous, 100 per cent. -
implying that the vacuum is perfectly non-conducting in one direc-
tion and permits'the flow of negative electricity only from the hot to
the cold electrode.\ The necessity for koeping the cathode cold is
experiment :—An alternating-current arc was
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Table 1I.—Ratio of Electrodynamometer (D) to Galvanometer (G)
Readings in Milliampéres. Form Factor of E.M.F. Curve =

REILEY )
Carbon filament at 11 volts, 3-77 amps., 417 watts.
D. G. DG wa Zf’--o-_f-ﬁ
. 0-85 057 1-49 0-86 )
1-33 0-85 1:56 - 0-83
1-87 1°16 161 082 |
- 2-30 1-40 1:64 081 L s
3-20 1-88 1:73 0-78
352 2:10 168 0°80
454 2-81 1-62 o2
Carbon ﬁlament at 10 \o‘lts 3 44 amps., 34-43 wath
050 034 1-47 0:86
1°3¢ 06 "1:56 083
o 2428 148 154 084 |
L2712 1-68 C1ee2 0082 )
218 1w 1-63 ¢ 081 f _fgags
- 802  1-87 1:62 T 082
. 853 - 217 1:63 0-81
 4-30 2:92 1-47 . 086 | - .
T 425 i‘k‘z 8. - -148. 0 ssgg;n.lj.
Carbon ﬁlament at 9 volts, 3- ll" amps ., 28° 0 watts.
0-40 0-31 - 1:29 - 0-93
0-73 0:50 . 1:46 ¢ 087
1-28 .08 154 - 0-84
1-65 1\15 . 143 - 088
1-82 - 1-26 144 0-87 -
1-78 K 126 1+41 088 | j“g%gg
© 1493 - .1+35, 1°43 088 | )
194 - 141 1'38 089 .
1-87 1.4 1°38 091 | - -
1-83 1-39 - 1-32 0-92 :
178 18T 1-26 o 94’;Tf"

formod between carbon rods, and an iron rod was placed 80 that its
end dipped into the arc. An ammeter was connected in between
either carbon and the iron rod, and indicated a continuous current of
negative electricity flowing through the ammeter from the iron rod -t
the carbon pole This current was, however, greatly increased by

: ma.lnng the lron rod of a piece of iron plpe closed at bhe end and .
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kept-cool by'a jet of water playing in the interior. In this manner
I have heen able to draw off a continuous current of 3 or 4 amipéres
from an alternating-current arc using 15 alternating-current ampéres.
Returning, then, to the vacuum valve, we may note that the curves
in fig. 3 show that the vacuous space possceser a maximum conduc-
‘tivity corresponding to a potential difference of about 20 volts between
the electrodes, for the particular valve used. The interpretation of
thi= fact may, perhaps, be as follows:—In the incandescent carbon
there is a continual production of electrons or negative ions by atomic
_ dissociation. Correspomhng to every temperature there is 4 certain
electronic tension_or percentage of free electrons, If the carbon is

1
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“made the negative electrode in a b:gh vacuum these nega.t,nc iohs are
“expelled from it, but they cannot be expelled at a greater rate than
" they are produced. Therefore, there is a maximum value for the
" outgoing current ‘and a maximum vilue for the ratio of current to
electromotive force, that is for the conductivity. i ’
- This fact, therefore, fixes a limit to ‘the utility. 'of the dev:ce The
: current through the vacuous’ space is, to a very largc ‘extent, in-
dependent of the electromotive force creating it, and is at no stage
proportional to it, or at least ouly within a narrow range of electm_
motive force near to the maximum conductivity. '
Whilst, therefore, the device is useful as a slmple means of dewctmg
- electric oscillations, it has not that uniformity of conduct,mt.y which
- would make it useful as a strictly metrical deyice for measuring them,
_ It can, however, perform the useful service of showing us how far any
device for producing electric oscillations. or eloctric waves produces a
uniform or very m‘egular ‘train_ of electric osclllstlons, and what
“changes conduce to an improvement or reductxon in the eﬂiclency of

the mmsmlmng devme. o
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“On an Instrument for the Measurement of -the Length of Long
Electric Waves, and also Small Inductances and Capacities.”

By J. A. FLemiNG, M.A,, D.Se,, F. R.S., Professor of Electrical -

"+ Engineering in Univ ersity College, London ‘Received January
"6,-—-Read February 9, 1905.

"The measurement of the length of the wa\qa used in connccuon
‘with Hertzian wave telegraphy is an important practical miatter.

Since the wavelength of the radiated wave is determined by the

frequency of the electric oscillations in the radiator, the determination
of this frequency is all that is required. The principle of resonance is
generally called into assistance to effect this measurement. It may be
done by the employment of either an open or a closed resonant circuit.
Instruments for this purpose have been devised in which some cireuit
having capacity (C) as well as inductance (L) in series w ith each other,
has one or both these factors altered until the electrical time-period of the
. circuit agrees with that of the wave making circuit. Since this agrec
‘ment depends upon the equality of the product JCL for the two

* circuits, the author proposes to call this quantity /UL the oscillation
" .constant of the circnit and the number of oscillationk in 2z seconds or
- 2xn, where n.is’the frequency, the oscillation nmumber. Then it is a
~ property of simple oscillatory circuits that the prod‘xct of the oscillation

number and oscillation constant is unity. Some means has, therefore, .
* to be employed to indicate when the adjustment of the two factors of

‘the adjustable circuit has brought its oscillation constant into agreement
with that of the transmitter circuit. In a wave-meter devised by
J. Donitz,* which is of the closed circuit form, a condenser of variable

- capacity has its terminals short-circuited by an inductance coil, dnd

this coil is acted upon inductively by some part of the transmitter
circuit so that oscillations are set up in it. A variation of the capacny
is made until the root-mean-square value of the current in its circuit is

hot wire ammeter. : ‘
There are, however, some objettiom to this form of wave-meter, and

especially to the use of a hot wire ammeter. The root-mean- -square

value of the oscillation depends not only. upon the maximum value .and
“logarithmic decrement of the oscillations, but upon the number of

groups of oscillations per second. ilence, if the discharger of the

_transmitter- is an ordinary spark discharger, the variation of the

oscillations due to variation in the break speed or spark-ball surfaces

~ and, therefore of the root-mean-square value of the current get up in

.8 Sce J. Danits, “ On Wave Meters and their erl," s Klecktrotochnische Zeit-
w'hnft, vol. 24, p. 920. 1903, Norv. 8;. also ‘Tho Eleotncmn. vol. 62, p. 407,
Jan, 1. 1904, - .

B max1mum. This is done b.\ the emplu) ment of a sensmve form_of~ -
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the wave-meter clrcmt will ‘be, considerable. There is, therefore, some
* difficulty in finding the position of ad]ustment. sharply.
Another point calls for attention. It is well known, from the theory
of syntonised circuits, that if two circuits hiaving capacity and inductance
are brought into induetive relation to each other, the resulting complex -
circuit. has two time-periods of oscillation. Even if the two circuits
when xeparate and far removed have their ume-penodl adjusted to
equality, the resulting time-period when they are brought into inductive
relation to cach other differs from the common value. There are, in
fact, two frequencxes in the coupled circuit, one greater and the other
less than the common period. These, however, tend to equality and .
to indentity with the free independent period of each circuit separaual)
in proportion as the mutual induction between ‘the coupled circuits is
- reduced.*  The object, therefore, held in view in designing the
inst:ument here described was to construct one which, whilst having a
fairly large inductance of its own; should be capable of being associated
- with the tircuit to be tested, and set in action by it, by means oi a
mutual inductance as small as possible.
This has been achieved by making the part of the circuit of the
instrument which is acted upon inductively by the circuit to be tested
only a small- part of the circiit on which its whole inductance depends.
We are thus able to keep the sclf-inductance large and the mutual’
inductance small, and therefore prevent any great reaction of the
secondary current upon the circuit which is being tested. ’
A closed circuit wave-meter has been devised on these hnes by the -
: author, employing a neon vacuum tube detector, which enables the
measurement of the oscillation-constant of the transmitter circuit to
be made with great aceuracy and quickness, and is also useful for
,mcasunug small inductances and capacities. '

Itis gonstmctcd in one form, as follows:—An ebonite tube about

100 ¢ms; long, has cut upon its outer surface a screw groove having
1'6 turns per centimetre and a length of 60 cms. is cut. In this groove

‘is wound a bare copper wire, S8, No. 14 S.W.G. size (sce fig. 1),
oue ¢nd of the wire is attached to a metal pin p; which forms a bearing
supporting the tube, and the other end of the wire is insulated, -To-
this latter ‘end of the ebonite tube is atmched a brass tube I 60 cms.

* Sco A. Oberbeck, “ Ueber den Verlauf der l'.lectmchen Schwingungen bei den
Tesla’schen Versuchen,” * Wied. Annalen der Physik,’ vol. 85, p. 627, 1395.

+ The use of a neon vacuum tube as a 'sensitive indicator of s high-frequency
electric fleld was mentioned first in a paper read by the author to the British
Association at Cambridge, September, 190i.. The author is indebted to" Sir
'William Ramsay for two tubcs of this gas, Sir James Dewar has shown that
such neon vacuum tubes can be readily preparsd from atmospheric sir by the
employment of absorbent charcoal at very low temperatures. 1t wonld be an
advantage if the manufacture of these neon tubes could be pllced on & commercial
. basis, in view of their utility for the purposes here describad. _ '

1
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\ in length and 8 tms. outside diameter. Over this brass tube is placed

an ebonite tube ez the sides of which are 5 mm. in thickness and its
length 80 cms. This ebonite tube fits tightly on the brass tube. The

- brass tube is closed at the end remote from the’ inductance coil by a

plate and a'pin p; which forms a héaring for the whole apparatus,

~ Over the larger ebonite tube is slipped a metal cylinder or outer jacket -

J which can slide easily on the ebonite tube. This jacket carvies a rod

LS T v ¢ 7 &7 'l"’l

SR RS LA S 1
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' .ending" in a half-collar of metal K resting on the inductance spiral (see:-

_fig. 2). An ebonite handle H enables the jacket to be moved to and fro.

It will be seen, therefore, that the arrangement constitutes a condenser

- formed of the inner ‘and outer brass tubes separated b) an ebomte

dielectric, the capaclty of which can be varied by movmg the outer -
]acket away from the inner. Also ths condenser is in series with an

‘Fia. 2.

inductance coil, the inductance of which is reduced or increased by the -
same movement which reduces or increases the capacity. - The
oscillation constant of the arrangcment is, therefore, variable between -
certain limits, and its.variation with the displacement of the bandle H
follows a stmxght. line law. . '

"-{ - . .'fa' i:f:,r;' PR . co ThaT e . “",:‘A;'l ;\..'m’r;:‘ ..1



The pins p, p. (see fig. 1) which form, respectively, one of the
terminations of the inductance and capacity, are connected together by
a stout. copper bar Ly, Ls, Ls, Ly, so completing the electric circnit, the
capacity and inductance of which can be varied. In order to detect
the condition in which the oscillations have a maximum value in this
circuit, a vacuum tube V is employed (see fig. 1), which may preferahly
be a vacuum tubd contmmng neon, or failing that, a tube containing
rarified carbonic dioxide may be used, the glass being uranium. This *

_vacuum tube should be constructed with two bulbs and with a narrow

tubular portion’ like a spectroscope tube. It may be attached to the

- Jouter brass jacket as in fig. 1, or it may be attached to a bar connected

‘with the inner brass tube, the vacuum tube heing. hung over the outer

jacket. “Also a scale is provided showing the position of the sliding

jacket and which, therefore, can be graduated to show the oscillation
constant of the arrangement for various positions of the jacket.
Supposing then that we desire to determine the freqnency of the

‘oscillations in any wire such as a Marconi aerial wire used in Hertzian-
‘wave telegraphy, part of this wire is laid alongside the copper har and

the oscillations in it induce others in the circuit of the wave-metet. The

. oscillation constant is then varied by moving the outer jacket by means
" of the insulated handle H until the vacuum tube V glows rmost bnghtlv

If proper adjustments are made of the position of the vacnum tube, it

* will be found that the tube does not shine at all until the outer jacket

J is within a few millimetres of the position in which the oscillation -
constant of the instrument agrees with that of the circuit being tested.
By taking two or threg readings with the jacket, a little too far one
way ‘and a little too far the other way and approaching the rigbt
position from hoth sides and taking the mean scale reading, it is -
Possible to obtain the oscillation constant with great accuracy. If the

- capicity is measured in microfarads and the inductance in centimetres,

L

then it will be found that the oscillition constant required is generally
some number lying between 1 and 20. The instrument already con-
structed by the author on this pattern is adapted for the determmatlon
of oscillation constants lying between 0:16 and 75, '
In the case of Hertzian-wave telegraphy conducted on \Iarcom
principles, the wave-length employed, reckoned in feet, is equal to

195°8 times the oscillation constant of the transmitter circuit, or

reékoned' in metres, to 59-73 times the oscillation constant. Hence,
the above described instrument is capable of measuring wave lengths
from 30 to-1500 feet, and might easily be constructed to measure

wave-lengths of any greater length.*
By a slight modification, the instrument can be constructed more

' smlply as follows: A single ebonite tube is employed which may be

.8 Fab)-uary 11, 1905.—The suthor has since constructed ons to measure electrio

w"el up to 2400 feet in len;tb
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a metre or a metre and a-half in length and 10 ems. outside diameter,
the thickness of the walls being about 5 mm. - On this tube is wound
as before an inductance coil of 100 or 200 turns of No. 14 S.W.G,
bare copper wire. Also the tube is provided with an outer jacket or
brass outer tube J.(see fig. 3). This is conveniently formed out of
the sheet of thin hrass bolted round the tube, and one end of the
- inductance coil SS is attached to this jacket, the other end of the cail
being attached to a brass ring d, earrying an ebonite handle H. . In the .
“interior of this ebonite tube, at one end, there is an inner hrass tubé 1
which can slide easily in and out of the ebonite tube.r. This brass

F1a. 8.
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“tube has a pin p ﬁxed at one end, by which it is Att,ached to a copper -
bar Ly, Lg, Ls, L, ending in a curved crutch or collar K on which the
inductance spiral rests (see fig. 4). The other arrangements arc as in
" the Instrument already described. :
~The only differences between the forms shown in fig. 1 and hg 4
. are that in fig. 1 the outer metal jacket is movable and the i inner one

"'is fixed, whereas in the second form, the outer jacket is fixed with
“-respect to the inductance coil, and the two together are drawn away
from the inner brass tube, thus reducmg the capacity and inductance
at the game time. . The instrument is very convenient for the measure-
“ment of small inductances. Thus, for instance, suppose it is desired
to measure the inductance of a wire for high frequency currents, the
wire having an inductance of not more than a few hundred centi-
metres, that is to say, something of the order of a microhenry, this’

" . inductance may be measured by the instrument in the following

manner :—An insulated wire AB (sce fig. 5) is laid alongside the
copper bar La Ly, and the cireuit of the wire is completed by a con- -
: denaer C of known capacny and a spark gap S Osclllatlons are then
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set up in this condenser and wire by means of an induction |coil as
usual, and the handle 1 is shifted until the vacnum tube V glows or
glows maost bnlhnuth We then know that the oscillation constant of |
the instrument in tha position agrees with that of the cirenit so
‘formed. - When that is the case, the oscillation constant of the wave-
meter can he read off in the scale attached to it, and we, therefore, -
know the oscillation constant (call it O) of the circuit formed by the
condenser and the wire. Hence, if C is the capacity of the condenser
in that cirenit and L is the inductance of the wirg of the circuit, then
O = (CL. If, then, we increase the inductance L by adding in series
vmh it a wire: of which the inductance i« desired (call it L), we can

]
_then shift the handle H until we get a fresh agreement and find a
. second value Q' for the osullatxon constant of the circuit. Then we
hd\e . o

= \",C (L + I")‘ -

Hence - . L - 0?-0%

As an illustration the following test me: wurement was made. A
_ copper wire, the diameter () of which was 0128 or 0-32 em. was bent
into a nearly complete circle 70 ¢ms. in diameter.  The inductance of
thls wire can be calculated from ‘the formnln

- 4= l) = R’

L = HrI) klog 22T -2 4..))-1-0““

In the above case D=T0 cms, “and d=032 cm., and R'is the -
resistance of the wire to oscillations having a frequency n. The value -
of L’ is then 2400 cms. ' This wire was joined in series with ariother
wire laid alongside the bar L., L, of the measuring instrument and a
_ condenser having a capacity of 0:00146 microfarad joined up in series
~ with the circuit and a spark gap. The instrument was then used to
determine che oscillation constant O’ of the circuit with the circular
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wire included, and the oscnllauon consu\ut O when the’ circular wire
. was not included. It was found t,hat O =35and O = 30. Wherce:

. 1295-9.
o L' = 000116 2226 cl\s.,
- a value in f&lrly ‘close agreement with the calculated \alue, conexdermg '
_ that the inductance-is less than 2:5 microhenrys.
In this manner it is possible to determine the inductance of a foot
“or two of coiled copper wire for high frequency currents’ with fair
accuraq The oscnllauon constant of an mstrument ‘of the Ahow form
 for various positions of the outer ' jacket or inner jacket, according to
the form used, can best be determined directly by means of a standard
wave'meter, such as that descrilied by the Author in a paper to the
British Association at Cambridge, September, 1904.*

In this last mentioned -arrangement, a long ebonite tabe is mmncl
~‘over. umforml) with a fine silk-covered copper wire in elosely adjacent
" turns and in one layer.. The capacity and inductance per unit of .
length, (- and I) of this long helix must then be determined by kuown
‘methods, and from this measurement we can determine the velout\ of
propagation of an electric. wave along the helix, for it is cqual to- the -
- yeciprocal of the square root of the’ prodnct of the capacity and
inductance per unit of length of the helix. If we'form an oscillatory
. circuit (see fig. 5), consisting of a condenser, C, a variable mductame,
L, and a spark gap, S, the variuble inductance mdudmg a length
of stralgbt wire AB, which can be placed parallel with, and close
"to, -the copper bar of the ‘form' .of wave-meter doscribed in this

paper, then we can bring- /its oscillation  constant, into agreement

with the oscillation -constant of the circuit formed ‘of the variable
“inductance and condenser.. In order to determine the value of this:
oscillation constant we (onmct the long helix above described to one
terminal of the condenser of the osulldtmg circuit aboye descnbed

-~ one spark hall being to earth. The n.rr.mgement must be as shown in

fig. 5. The long helix of insulated wire HH js then proyldcd with a
sliding : metal saddle D, which can be connected to ‘the earth E, and "’

" “this saddle is moved along- the “helix until a posmon is found such

~ that by -means of & neon. or other sensitive vacuum tube V, we can
detect a node of potential half-way between the, saddle and the point
of attachment of the helix to the osullzmng circuit, thq saddle itself
being connected to the earth will alse be a node-of potential. Hence
 the distance between the saddle and the end- of the helix attached to
the oscillating circuit is equa.l to one wave- length of the wave travelhng
along the helix. ' ) =
& Sce J A Flemmg, “On the Propagthon of E lectrw lee: slong Spiral. Wu-es,

- andonsn Appliance for Measuring the Length of W.vel nned in erelen 'lcle-
. graphy,” o ‘I’lnl;. Mag.,’ Ootober, 1\905.
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: If Wis the velocity of the wave along the belix and A'is the wave-
_length of ‘the stationary wave, as measured on the helix, and » the

frequency of the oscillations, then W=nX. If C is the capacity and .

L the inductance in the oscillatory circuit formoed with the- condenser

of unknown capacity and variable inductance, then the frequency in

this circuit is n = 1/2r |/ CL. .
Also if ¢ and I are the capacity and inductance per unit of length of

the long helix, we have W = 1/ J/cl. Therefore

. 1 A TS W
- . \,/J on \/C[‘ ’ or \/CL §; Jd.
o - . Fie.8
: ‘ N v . ‘ '\;l
g T e Yl 09
. ' LN M \\\\m\\\\ s I \\‘\
E - C H H
L A 8

Hence, since. A can be measured, a.nd ‘the oscﬂlauon consta.nt of the
1. hohx per unit of length /el is knowr, we have the oscxllamon constant

- of the'exciting circuit, and theréfore of. the closed circuit wave-meter in
. ariy position when it is adjusted to agree with that circuit. Otherwise, if

~ we have the means at hand, the oscillation constant of the instrument can

. be determined for various positions of the slider by slmply measuring
" the capacity (C) of the condenserand.iniductance (L) of tha helix which
.are effective in that posmon, aid calculating the value of +/CL for

ot

o - . . . — . . W .

- various positions of the outer or inner jacket, according to the form of ==

instrument used.” The instrument can have itd scale: marked tozhow
directly either oscillation constants (O) or l‘reqnencles (r), or aérial

waye lengths (A) in metres or feét. The instrumént is not only useful .

for quantitative workin ‘connection w1th Hertman-wave telegraphy, but,
VO!»LXXW.‘ TERE . oo ~20 :




" js very usefu! in tbe laboratory for the determination of the coefficients
of coupling and mutual inductances of oscillation transformers.

If there bo two circuits inductively connected, forming an air core
transformer or oscillatior transformer, and if these circuits have
respoctively “coefficients of self-induction L and N, and a coefficient
of mutual induction M, then we can determine I, and N and M, if
- these are not too large, by the instrument, and also the * coefficient
of coupling ” of the transformer, viz., M/v/ LN,

For this purpose we connect the two circuits of the transformer in
two ways. 1lst, so that a current sent through the circuit flows round
in the same direction in the two coils; and 2nd, so that it flows
in the opposite direction in the two coils.. In the first position, the
veﬂ'ect,lve inductance of the whole system is L), where L; =L +2M +N,
and in the second position it is Ly, where Ly=L - 2M+N. Hence,
Li+L2 = 2L +N), and L; - Ly, =.4M.  Accordingly, we make four

-inductance measurgments with the instrument. 1st, that of the pnmary
. coil alone, the secondary being open ; 2nd, that of the secondary alone,

- the primary being open; 3rd, that of the primary and secondary

together joined up to assist ; and 4th, that of the primary and secondary
together, joined up to oppose.
. Twice the sum of the first two measurements should agree with the
- gecond, and one quarter of the difference of the last two gives the
- mutual inductance. Having therefore L, M, and N, we can calculate
the coupling, M/ VLN.

In making measurement of this kind with high frequency currents it
is necessary to bear in mind that we cannot obtain the true separate
~induetance of the primary coil simply by measuring it with the
_ secondary coil over it, even if that secondary coil has its terminals

open. There is a quite sensible dielectric current which passes from
~turn to turn of the secondary coil when over the primary, even if that

socondary coil is open, and this dielectric current has the effect, in
accordance - with well- known pnnclples, of rcducmg the effective
_inductance of the primary circuit. = Nevertheless, in the ahove measure-
ment it is proper to.take as L the inductarice of - the primary mesasured

~—1n_contiguity to the open secondary, and as the value of N the in-

"~ ductanca of the secondary measured in contiguity to the open primary. -
"~ As an example of such a measurement the following figures may be -

given. A certain air-core transformer had a primary consisting of -

‘one turn of thick stranded copper wire, and a socondary of eight turns

.of thinner stranded wire. Measuring. as above described, the following -
‘ -values in centimetres were found by the appliance here described :—

L =695cms, =~ N = 45,700 cms..
In= L+2M+N = 53,000 cms.
Ly= L-3M+N = 40,120 ,,
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Hence : 4. = i (Ll = Lg) = 3,220 cms.,
and : © j(In+Ly) = 46,560

whilst from the independent measurements of L and N as abovewe
have,
' L+ N = 46,385 cms.

Ilence, the agreement hetween the last two sums is fairly cloae
Also the coupling M/ VLN is found to be eqifdl to 067,

It is usual to call the * coupling " of a pnmary and w.ondary coil
“close " if it exceeds in value 05, and “loese ” when it is less
than 0°5. ' .

“alm
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- The wave or frequenu meter enables us to exhibit in the form Qfan '

‘attractive leeture experiment the well-known fact that the closmg of
the secondary circuit of an indaction coil or transformet reduces the
effective inductance of the primary coil. Also singe it. _enables us to
determine the frequency (n) of a high Irequency current, and it enables
. us to determine alsb the value of the high frequency resistance R’ of

a round sectioned copper wire of which the diameter d and steady or

ordma.r_y resistance R is kno“ n, since

T ’

}R‘j: QO\';'R

it becomes, therefore, a useful addition to laboratory appliances.

In Hertzian-wave telegraphy the varying power of waves of vanous -

lengths to travel over land or sea surfaces is well known, and it is,
therefore, a practical necessity to be able to measure the wave-lengt,hs’
of the wave sent out. The wave-meter ‘enables us to conduct a kind’
of : spectroscopy on a glgmmc scale when we are operating with electric
waves hundreds of feet in length iustead of fractions of an inch.

~ We can by means of it discover, for instance, that a wave 300 feet

in length travels well over a sea surface, but will not go across a city.

" On’ the other hand, the author has been able to communicate well
across London by means of electric waves 1000 feet in wave-

length

(.Vote added, February 14, 1905.—The ;}»0\ e-describéd instrumenf '

emhles us to show that, in the case of an aérial wire or antenna, as -
used in wireless telegraphy, inductively coupled to a condenser
exciting circuit, even if the two circuits, open and closed, have .

sepﬂrabcl) the same electrical time period, yet, when coupled, there"

aré two: waves radiated of different waxelengt.hs and frequencies,

dlﬂ'enng alsa in period from the free separate time period of each. -

cireuit. This result, predicted by theory, is confirmed by experiment.
A name is roqulred by which to designate the .instruments here
2 o2




ring. furm s placed within' an_ iro
ted tu w mmuwtu tune of about”2-C.G.S. 1nits, its pexmmblhty'l
. (.ureful demagnetisation was. found to increase * the:
i }wnm-nlnhlv at the 10\\ forces at the expense of pmmcilnht\' at the higher _
foreds. Further’ experiments have been made with the same material in ,'
N thought thatif the '\‘mlloj' when
) vthe value ag-which - the magnetic quahb) is
 iegnised on vooling, was simults edusly sub jected. to a magnetising force and

“ring format high' temperitares, [t 3

atire passes - throug!

hiclded from tié influence of the muLh s inagnetisny, the pemwabllu) lnl"ht.
b nereased: furtbier” This lias \m(‘n found to be the case. ’

{. ke zlu/uu/. J//!// 71914
Mess<rs:

My avtention has been” called 1d a paper \1y

H. Peder and R.L [nllP\ on s Thhe Anriealing of Steel in an
’ Alternating Magietic Field” . These aathors Tave ohtained.high values of the-
cpermeability (see the “Physical Review. 2nd Scries, April, 1913, vol 1, No. 4).]

Juan earlier papert experiments

sere deseribed in eonneétion with two

~umh st xIlu\' rig which Iave been used i the present oxperiments.
In Table 1 the ]n*wm experimentd are niabered in the order inwhich

they Weve e, and thewcirves ane numbered in correspondence ‘with them,

s Ne. 1, .

The specinien, which bt Lo heated several Unies above the temperatuye
ki h magnetic quadity i lost, was \\nmnl with- au ashestos-covered wive
and placed i asmadl frons B the whole being heated in a gas futnace to
the netrnbinnhood - oF S000,C0 Alout twe hours were required to heat the
spevimen: T wis allowend To ool mside: the magnetie shield previously used
and deseribed (e et and at the sane time it was su\;jecmd to.a steady
wagnetising force of 12 CGR0 units. About. tive Tiours were required 1o
cocl it to atmospherie lr'Il\Ilt‘l‘.y([Hl'U: When at atmosphieric temperature the
specien was taken . ouy and tested for wagnetie permeability,  The tigures’
wereobtained whilst cradually veducing the force and are given in Talile T,

*:t Royy Soe, Proe,” A, vol 90, po 170 (1914,
+ * Phys Boe, Proc,’ vol. Part 4, p. 253, June 15, 1‘)11
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Magnetic induction “in 10>
“to al)o‘ival0,0Uﬁ, The ring was tten strippet apil pecwonnd with. enttin-
covered primary anl seeatidary \\in«lin:i the secondary winding: being hext-’
to the stumpings, and this operation gave rise to ‘eonsiderable mechanical

disturbanee. Experiment 2 shows that the maxiown permeability has

dropped o 8350, and ‘the initial permeability is small, - On demagnetising’
PP 3 ) delnagd .
iously observed is |,x~")ll¢i(re~<['

the ‘specimen (Experiment ) the cliect pre
nawely. the initial permeability is inereased and the maximum reducid.

On aimin polarising the specimen with a force of 616 amd leaving it fir
- four (ln)"ﬂ the ring was subjected for abont half au hour to a high ﬂl;l'”h’l(i!li:_
R laving o maximum of 24 C.G S anits at SO eomplete périn«ls per

second. -This cansed the plates to vibrate aud give the ‘haracteristic -
.So'und._ oAftgr an, interval of two days Experiment: 4 was then made. It



‘magnetisii By

the riitio 705 ya!

“Pabls ‘II.;'—Hystcijcsis; ‘

Permea- - Hrgs per Residual

: . . et : Coereive .
© o Hmax. - Bwax o ability, eyele per 3 fomagnetism
. . S cubie cm, foree, Wy By
o228 360 . 1655 - 553 00646
i TOATL. 2800 7 5040 ¢ 0218 07306
¢ 07260 o G080 1. BE20 705 - 0404
: 2T 10460 . 8780 1750 © 048
“Roy." Soc. Proe.) 1354 6050 - 4470 1030 060

A ol 8o, . 548 ’ : AP N
08) - : y

S Ring N2,

“Phis spesimen had boen cooled several times to the_témperature of Jiquid |
air,amd it was nientioned in the ealier papert thut such treatment had
the “effect of“inercasing permeahility” when i a - demagnetised . condition,
It has hvhn\m[ somewliat differeutly from Rin& No. T, that is to sy, vshenr
“. the. specimen has been polarised in the shiehl theé maximum penmabillby
s not: sutfered so marked a (h.muv as might h.\\ been expected from. the -
carlier o\pmum'nh CATtera preliminary dest. Ql xperifiient 5), as it “was -
originiilly left after the cooling -experiments, -the ving was divested of its
winding and mised 1o a temperature of about 800 .. It was - then allowed
to cool in the shicld without ;uiy appliel maunetic force.  On_ re-winding it
the purm\;nl»imy was found to be stightly smaller (Experiment 6). The ring
was then wound with an asbestos-covered coil and allowed to cool from )
abigg, 5007 C2dn the shicld, with a steady foree of 147 Ci.8. "applied
constantly, o Experitient 3 was then made. ~ As in the case of Ring No. 1,

: © % YRoy. N, Prov,” A, val. 80, [ 348 (1508), _
+ ¢ Phys. Soe. Proc.,’ vol 23, Part 4, p. 256, June 15, 1911




-huve heon 0\130010(]
atm- has bisen umh, fur \sh-rht pmsnh

lunt/ A\lV 8 :

iy order to compare the Ity almw tlt“(.lll)(‘ll w. nh llmw nhumwd 1\ S

. )t»l'ga\blxnerlt in v‘the{ shigl

- chosen and as’the'polari

1o, effect of a larger one. . Ring No. 3 s ag’ polirts i

um‘ls in’the shield:and" Experitnent. 11 wn:a thien

~wag thougl M, well to try
to'a-foree. of- 174 S
Cthade; . The maximum pertae: abitiy i this specinien has the v alue G900 i

: uﬂmusl 5900 in the Qn\lh}ﬂ c\;wrmwnt~ Dienngnetising the q»m‘nnun {riom
§ bat

has inereased the permeability at the dower fore

nog beuuus!) aiffeeted. 108 maximum value. Cirve 127 s interesting,” ak 1y

-shows Lhal the moderate maximum permeability of 1:‘)0() wives rise to higher

~ pelmmluhtxm at thie lm'ru vithues of the magnetic’ induction,

Ilnh i Am\mn,,

\n e\pemnem has been um«lv to diseaver whether the specitic resistanee of
st.l,lln} i affeeted 'when it has been subjected toeold treatment in the shield,

A negative ros\kjt.

and-has. ylels

Conelwsion,

lhe ex Briments -,hu\\ that the permeability of stalloy in ring form caw
!

Lo increased ;.,l"C.lﬂ\ by heat tyeatment; that is by allowing the material to

caol Ulrolwh the temperature at which it beconies a- magnetisable substance

“during the time that it is shiclded froni the influence of the eartl’s nincnmn
“ md subjected toa magnetising force.” Values of the permeahility. lmrhm‘ than’
0,0001;&»0 been obtained. A claracteristic feature of the curver ofs pormo.x-
bility and magnetic induetion i3 that the higher the maximum pernieability
the lower is the permeability at the higher values - of the induetion. The



“thank my: Ialmnwl) uttcnd.mb Mr
wmh Ld o g

"”‘)I/

Hy_ Prof. -Am'm,n e lllhlEl:,.Svc. R.._

 (Reevived April 21—~ Read May 7, 1914))

lmnu-t the “last fow Tvears of, his" life” Prof, Simon Neweomb was keeily
“interested in the puﬂrlmn of ['(‘llwdlﬂtl(‘\ and devised o new method for’
ther Tivestigativn. . This meéthod s explainéd, and 1o someextent applied;
in o paper.entitled .\ Seareh for l‘ln[‘luullnns in. the Sun’s Thermal

Radiation: throtigh . their Influence - on Terrestrial - Tempierature.”  The
‘im‘pv_n'mn.u- of the: question Justifies a critical exdmination. of, the velation- . -
ship of the lder methods to that of Newceoml, and thongh - [ do not agree
with bis vontention . that his process

ves as wore than can be obtained

from Fourieris -analy. dx, it bas the advantage. of great “simplieity in- its

numerical cwork, and should ]nu\n wseful in a certain, though Lam afraid,
very limited fiekl,

Lot Aty represent a-funetion of o variable which we may take to, be the

time, and let the averwge value of the function be zevo. Newcomb examings
: P

the sum of the series

i /(rmuwrwm WALt T U T
where ’1,‘!3, ete., e duunte values of the variable sehichare mken to lie
at equal distances from each other, i the funiction be periodic. si as’ to
repeat itself “after an interval 7, the produdts are all squares and - each
term x positive, I, on" the- other hand, the periodic time be 27, cach
product will be negative and the sum itself therefore negative. It is easy
to see that if-7 be varied continuously the sunuof the series passes throughy
maxima and minima, and the maxima will indicate the periodic time, or any
of its multiples, ) . )

VOL. XC.—A. L2



y [4, Juqnctzt' [’: oper ru’s oj Iron. ¥ -'1'7'9:

: ‘eem m( o

a.nL the ‘emission. of

Hm Lirge, qwuhu L,th‘({'i plmluw(l by traces ()I Alxt 'rent; ases
uniwnue that (b m,w be ab importatit m(,lm" e =
“FPhe- o

elw trons feon huL carbon’, is “an uumulmtn eunge nend

xpe rlmuxte (,ﬂhllot b hieldeither: to }ﬂ‘

ceof chmmqal action

“hetween: thel darbion and - the snmnmlhug,gmes: or fo invalidate ‘those

theories which 1'(~giml this, Gffeet ns'n ]n'l »‘hi(‘,urlbl‘u[)l‘l‘hy of the hot solid,”

e }llumvlu I'mlulnrw uf Imu i b/m,lr[ul from r}u' Erath's
v o ‘Itumvh\m

By Faze

Commnvited by Prof. X Fleming Receved January 10,-~

Leead February

The priary: olgect of the experiménta deseribed in this paper i< to exarmine
Hie nigatieti] properfies of ron under siall magnetic. forees: when shielded -
from thes citdspiauneti=ine Inprevious paper® experiments werd desceribed

Ceowdich these maenetio s propenties were. exvimingd at low foreesand

18 doaps abiadned at s i .khlx‘\ of the mgmetic nluition as
Fow e 000370 Fle speeiinen. which was ol thie sawe materind as nsed in
Ui present expetiments, wasoxposed” (o the tlaence o the earth's
et ated i e this nthuence whiel has gow been removed as far as

possibile ‘

The specanen s o e P amd s Dt ap o an asud depgih of 398 .

o an atln o rens knowrt ax Slloy,” containge B per

s The tnrernal wnd exteroal diameters of each stamping are
25 e respectiveby anel the thickness varies-from 054 to b4 e
The secvnbuy windme s next to The stampings and has 177 turns of copper
wite 0N nn dioneter salited by eoton impregnated with patattn
Pl ey o menetising winding s 10 tarhs of copper strip 19 man.
wiie b o o thiek covered with tnsulating tape,
The whiiebioas Beadeap woa lenath of 47 aneof stampings of transformer
)

v v ek The imeernal el external diaeters of each stampine

are S Al 406 e respectivelys AU each end ate dises ol soft iron H06 ene
dieter whneh tgether with- two sqare end plates make up an dveradl
length of 56 e The shield s tirmly clamped by fonr bolts passitie throngh

P Ry Soc Proel” Ayl s py s (Tios



ln Tahle l \nll be fmmd lnr
the maguetic induetivn Banit-i i some eases the pvnneﬂhlm
to the wiven forée 1. Jw Table 11 will e found (}‘l‘t‘, fhgires obtain
higher forces.” In Talle: ‘Hl \\':i]lb e’
‘h_yaLoth laops. N S s et

at the

Preliminary: e‘(ponments m re. lumh wh\m on’ wass i ~ie‘l»h<,-
* shield in the v state, “thit iy to sy us-1 ol flmu thu ik
ina demagnemml state, ‘the mu\lmnm nimgnetic foree impre
specimen being 059 C.(LN.unit. AL thiis stige ity

. H]S\ILI[IOH of the secandary winding was: dvfovuv«-. ‘and this thrc\v i eriticls

08

ed wpon - the

upon the experiinents: it is nec essury to e ntion. \hb h-wum‘ the prev s o

mawetic history ‘of the &pvclmt'n is important, and - the “Redidts will e
alluded to” later. " The specimen was teswotun], and “the Mp«rmn-ms made

’ xh.vnnftnr may be placéd in the follawing wrder. : .
Experiment 1 : Specimen out-of: shielil "and ('\p\N'd to, Lho m!lm e of the
varth's magmetisin, . Hyatéresis loops obtained. :
Experiment ‘.’:-S‘ln- simen i =hivhd, ]l\ storesis lnu}w shtained .lfl(‘l um’hrl
demagnetisation fram aforce of 04,
Experiments 3, 4,5,6 ;" Sper inien in shield Aml '«hn\\urr Inm hwh p*um,\«
hility was pnn{umul

Experimments 6.7 8- ‘qwmwn in shield aml \hn\\m'rtho Ollnmt onpe THted-

hility of allowing it to n-»‘t ina highly magnetised state

Experineants 0,10, 11, 12 ¢ Speciinen - in ghielid anil showing” the effevt =it
adlowing it to rest ina lvss highly agnetised state, - < IR

Experiments 13, 14 1516, 17 \]wumnn in shield nml alm\\mw (hc oifut
of allowing it to rest in a demdgretised: condition, LT
 Experiments 18, 149 20 Specimen in shiield.” ](v_\:sle‘lq‘:~i> lodpsobtained
after & modetfite rest in deinagnetised- condition, o

i rcxp-ﬂ('t,nc‘ n\permwnu \vh ¢ :m numhvre(l ;

< adil

“diservered, that the

p, corr papnmhm{ g

il 1hr-,1zﬁ$nll$ obtained “from . the,



I ron wh.an Slnelrl('cl from tlw K arth.s 11[(1(/71«1&3”: s

» . ; [ 1_ummln i(J
Experiments 1,2 lwtnxn pluclmz the Hpe
wasmade after d«arxx.\mnmwnmn from a force 03 ay 52 complete periods: per

seeond.  Fov each of the forees m(-n!,mnod in-Table T a hysteresis- loop was”

nbtained; the details-of whicli are given-in I Fabsle TH When' in- the shield
Jand | Experiment 2

- the specimin was «luum,;;m'l,l.rwvl frow a forcée of 0
kS Co L e s o A =
soloops were again. dbtained for the same forces asin

was nnde.  Hys

Experiment 1~ The purmenhxhtv curves 1,72, are plotted i fiw. 1, und

vorrespomnd. o ,\puruuvntu I‘ 2 n“qn-(tm»l\ For comparison, the curve

of-permeahility. obtuwgicd in the prnlmm paper (‘/;iz' cit) i alsy - plotted.

Thix curve s somnewhat ]li}_fhl‘ Sthant i Experiment 1, and in this connee-
tion had: been made  from a

tion it should T noted that . the demaghiet
tinely T)l"ln- foree than 0°39. . Near the origin it iliflers in shape- from
those abtained in Experiments 1, 2 : ' )
Experimenes 54 5062 on the fraduetion of high periie ability : Up to thix
pount it <hould Teoneed that the highest Inl(l' ever applied “to the

jpeciien has been 750 “and, at Hw r'im-\* of J\]vvlllupm 2 the specimen

was left negnetised as the result-of w foree 90935 and: eight days vlapsed

befare farther experiments were tisule, - At the end = of thix time a

agetisine foree ol 08, due to a contimous current, was .q)lwtl reversed

Cfew times, and Fenovid, - Suel o fores s 0°8 applied 1o ltlt‘llll”ln'[l‘w{'

Spechiers-Jis i ordinary maghetie teseing, adegvadding or polarising effeet,
that s the piacnetiv induction corvesponding to a givenssmaller force is then
Fawer ot wistld bive heen Bt the irons beens i a demagndtised fate
irrsinally I thee shield however, thiv reverse s ahe case, the spRCimen
Peving besne paevionshy exposed o the carth's magnetism, anid not <l;1v-
peeted ton s Tngh e foree as 080T chanpanson of the ticures nhlmml

Experiments 2and 3 Table I <hows thiel inerease. in-the perines bility

tht,
lew totees. N\ compatison of eunves 2, 5, in g boshows the «.nh \M«'u
!

Aot i the inerease s pereablity cansed bycarefnlly demagnetising

w polaised specimen
Fapernont 6 was et miele to investimte the effect on perseabibiny a

Bichier forces=than those wiven s Tabhe Lo Te is practically a contiima-

ton of Experiient & and thae tigures ave given i Table TL Inctig, 2 the

curve 6 stews the resudtsobGioned, and, for the purpose of comparison,
thee salies of the permreadality olagied in the. earlior piper. (loes iy A
TSN }wumxllullii\"u{ STO0 cotrespanding o a uiaghetic m\ln\[mu ol

S000 s ihieated, whereas the ol 1\}»1-|nmm\ on the mhlml\h‘«l but

CRoy Soes Proc Alvol 830 pot (lm)sa). ) T

el in the: *lhlt‘]d h\pemuentl
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Froo 1o L " v

is withont d("lkm suetising- the specimen. and i

lho nmllL \hlmh lm\\ ure ni\

if I e [‘hv hlw(_llilk‘l\ Was ag:un po]m'L d\l»_\" wWwforee of 1R

comlition” for_ubont 18 hours, Experiment-8 was then waile

e Loy, Soe..Prae., vol. 62, p. 36



Troravken Shielded: fron the E‘ar[/i";s' Mugiictism, 183"

atid continued 1o the higher forees ag hefore, and” the figures’are given i
T:Hrh;‘ | 5 S
the varly Sages, dnd Crrve 8, fig. 2, shows the later stages

ueve N, iz 1, shows how dreatly the permeability is rédnced in
It will

‘v;"w'r‘ll it for a magnetic duetion of 5500w permeability of 5900 is

ehtamied, and Cthis ik even wreater than that shown, by Experiment 6!
Curves 8,8, eross one another at an induction of abont’ 35000 and coincide
when the fnduetion is about 10,0000 The simikrity of Carve 8-in fig. 1
with that taken from the earlier paper’ is -inﬁ‘rmlill«_;. I the one-case we
frove thie speciien. (‘.Ll'i‘l‘lvl“y d:-nm;mrlis(ul and Texposed  to- the earth’s
taznetisn, in theother the spevimen is pbhiri’suxl and shielded. It ix worthy

o nate that whensin® the polarised comdition of Experiments 7, 8, careful
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the spectinen toands tosdezrede dself et SERHEIS

v stabde
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Py

vttt e b Tor perieeds of S0 ISE S hours sond 13 days respe -
ST Phe < cdeorading process 1= a work in the carbier ~tages, but
Cler AN hes sest the speciieen Gxomore stable. The contfunation of
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! . lh‘ l(wt of. 13 days has pros
/ 10 oﬂm t fu tlm }u\.wx fmm-s o :

4 ’1)17(’1‘[1(3

Wy 26, 1914,~~A\ i'sL of sy \N‘( }ﬁ in i demaghetisel
- further diminition, in !wllll(’:llu]ll_\ thinti ‘nhn‘-..-. the rest’

VU Pt sie

provioux paper (oeoei) when e stalloy speciinen. wis exposed to
N isgie Nlll tt, dppl‘.swd ‘that Lhﬂ hu-muwlf itidex e rmsul from
hed the
i 'H The present experiments show that after demmgnetisation in

ary value ntrl 726, When the maguetic mdlutmn rei

the shichd. the value- of - the index ri.\h\' 1o maxiasm i the
ool acmagnetic mduetion . of 3 s then dimings h«w T
T Stite

. @
_;»1«'1nnm'n\ experiments nadeswhien the specimen wi nindthe

bear out the same remark. . The shape of the Toops s well \\n\th) of studs

The boops i i 5 ane selifed froms those tahien in Experiments BN el 10

Fio.

ared 10wl o seen thiat as the didec tion is redieed the shagiecis wltersd. The
ehotacter of oop Lo dustunce, when the dnaxininie mduetion s« S8, i

more: Like that of the Toop with which ane s faniliar i ovdiiary testine

bt ot has sades whach for e short (h’umu dre p A tieally puoerad el <tvageh:
liness This is the becinnine of g ;Izjum teed alten Hron in shague Loop 20

Bee Ooshow s thils carened tooa furthier H,u;v Iun[- 5 oiremnarkable i that

fots sides e prcctically twoparallel straight llm- and the index his nealy



s that the

fagnetzam y 187

w'hen Shwlde'd’ j1 oin. t}ze L'rw th 54

p(med ltx nmwuum va]uc Rufemnco shcmhl be mude to an. mbereﬁt;mg‘
“subjeet by l)l. WM. 'ﬂlomﬁou, The: -Steinmets: eqmmon
per v)vie per,’ mxb‘ ‘centimetre are equal to «B8, v.lmre
aiand B ad tonstants and B is” the ‘magnetic induction. ~The values of -
a and’ 8 e v Table' 41L.  As m what* wuuhl be the values of the
: m(ln\ Al the experiinents u)u[d b Lumed further umot. l>r= saidat preserit.
1y shouilil be uwnu«mm taken .from the

n.en w ultq the- axisof H.. It is well known that at
nm"m-h;: instability is sich that tupping the
“When the furce is
orh. this irmrﬁhility'iu some

" paper’ on-:

thm. Lh(‘ wmo\vo foree has hm-n

point where 1

this ]mmt, on t,hv l'ul\'u {,
indhietion.

Cspecimen Hmw« a chmyqo'm ‘the magnet

varied. fromia pmmvu or m'«'m\o i uuum To

GSER asierts Citself and would, it a men turve, were not :lhmn indicate o
sommeshat stialler choreivie foree. - - f E :

Afew Toops five been ohtuined as weontinuation of K \lwmm‘ulc 18 and 19
AU the Faghor fordes when thi specimen was ‘i a demagnetised condition and

alter arest incthat“eondition of one” and 2 half days. The particulars are

givenan Talle T Experiment 20, - By ‘couparing them with the figures
Shtained i e earlier paper’ it will” bescen. for " instance, that for
I’n.u_'“"vliv eluetion of ?\’;’()(7; the orus pvr’ry('»lq per ‘eubie’ centimetré ape less
swhoenimcthe shield o theeratio 1:}()0/16«\’.\‘,;1|hl thy })I‘l‘”l\fﬂ.]‘li“l.\' 15 vredter in
e vation 0TS0 e dlereive fwﬁ'u"‘”.. dud the residual magnetiv

inihuction Boane less,

The expertments throw tieht upon t}n- c.nl\ tages of thie tll\lllhll\ earve,

whitch shows the relation ln!\\u«n the coereive fmw and. the intensity of
nswtietsation it resembles the carye (Vnmucnnlf the funetions H-and B of
e fe nhaterids,

onclision.

The experiinents show that the carth’s magnetism may seriously atfect the
e tisabilite of iron, - Comparing the results”obtained Jin these experi-
ments when stallov merving forin is magnetised “and then caretully demag--
neetisd whilst shivlded from the carth's nagnetisin, with the results of
sl experinents nade on - the same material in o caretully demaguetised
comditton bt exposed to thefeart s wagnetisin, the ratio of the permeabilities
aid

Lo maanmin of P78 when the magnetic indaetion thas @ valne
e o of Hu;.lll e permeabilitios i< 124, A maximum permeability
o 5900 was whtanied™ when, the speeiten wits shielded and magnetised by
previens toree of ISOEGER nnits, and this is P28 thnes the n i

paertealality cBtined from the de et tised and v\}»mwl spedinien, lh(-v
— S The Blien iri:\n.’ May 6, 15'13, P '_‘I [
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' (h-\sxp»mou of ‘enérgy hy um"nemc lmswmah fnr a, gw el nmguatw induction

d thin when it is

is less ‘when the stalloy is"in- the: shield and déiagnio
tirst dumwnetxscd and” then mpnqu o the  earth's l‘n\;r;.fnetisll};. "IA'!m,
Steinmetz -index, after-rising to » nm\unum of -about 3 far - force of
about 0008 C.G
about this point. the “hysteresis 19
'bwomm" pmuxmlh' straight p.\mllcl Imcs

unit;, begins: t.n dithinish us “the foree is reduced, and a

[Note added l[mrh 10 1914 \s was mkmlimml, dnving the veading of
the paper,“the high pe rmeability . has persisted Since the speciien. was

" taken out of the shield on:February 17, 1974, ,l‘i)ép«“r‘imm[s which are just

completed show that. it still exists;]

The above experinients were made inthe Sir William Sjensens Fleetrical

Engineering Laboratory, Universityof Tondon, King's College, © 1 wish to

acknowledue the istance T havie received from Mr, . H.-Smith amd
Mr BoC Bur Me' AU D Keigwin very kindly feswomd the Apeciuen
for e, and Prof. Huntiigton very kindly fentome the shields B huive
also to thank Messrs: Sankey and Rgns, of Bilston, for |-rv<vn1\'n: e awath

the stampings for the purpese of resedrch.

ps b(‘(*m to c‘cpeuem-t' a change in shape,
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J. pe BAILLEHACHE. — SUR L'ORGANISATION

projet, 1a a I'état embryonnaire. Dans quelques
centres seulement, ou d’ailleurs elle existe déja,
- I'organisation continuera, sans plus, & subsister.
Donc, on n'aura en somme rien créé. Rappelons
seulement que U'Allemagne a des Universités ou
des Ecoles techniques dotées de ressources de
plusieurs millions, qu’elle n’a jamais 1ésiné en
matiére de créations universitaires. A ce point
de vue, le modéle est & imiter. Jajoute que, avec
un budget plus élastique, des ressources plus
assurées, nos écoles techniques pourraient lar-
gement distribuer aux étudiants peu fortunés
Penseignement gratuit, alors qu’aujourd’hui on
n’admet guére que des étudiants payants et les
droits de laboratoire sont forcément trés élevés,
car ils constituent le plus clair des ressources.
Rappelons encore que la démocratie américaine
est entrée depuis longtemps dans cette voie ila
moitié des Ecoles techniques supérieures amé-
ricaines sont gratuites (Omer Buyse).

Je m’excuse d’avoir été silong. Je me résume;

des éléves et de I'argent, c’est tout ce qu’il faut

_assurer a I'enseignement supérieur. Avec cela il

ne faillira pas 2 sa mission et rendra au pays
les services que celui-ci a le droit d’en-attendre.
Des mesures énergiques sont nécessaires pour
cela. Mais nous sommes & ’époque des mesures
énergiques. Et si on trouvait ces mesures révo-
lationnaires, je me bornerais & invoquer encore
soit M. Liard, soit Cournot1, soit M. Lavisse?, qui
ne sont pas des révolutionnaires, soit encore les
dépositions Joseph Bertrand, Berthelot, Maneu-
vrier, Buquet (enquéte Ribot.)

Quand on a signalé le mal, on ne peut se refu-
ser 4 administrer le reméde.

L. Zoretti,
Professeur & I'Université de Caen,
Directeur de FInstitut technique de Normandie.

1. Des Institutions d'Insiruction publique en France, 1864, .

p. 185.
2, Questions d’enseignement national, 4885, p. 240.

LES IDEES DU PROFESSEUR FLEMING

SUR I/ORGANISATION DE LA RECHERCHE SCIENTIFIQUE

A la séance du 9 février de la Royal Society of |

Arts, 3 Londres, I'’éminent professeur Fleming
a lu une étude du plus haut intérét sur l'organi-
sation de la Recherche scientifique en Angle-
terre. X

Ce sujet, toujours palpitant, est devenu de la
plus brélante actualité depuis que la-guerre a
démontré jusqu’a quel pointnos ennemis avaient
sumetirela science en coupe réglée i leur profit.

Hanté sans doute par le souvenir des beaux
résultats obtenus en Allemagne par le systéme
du Massenarbeit, le professeur Fleming propose
l’institutian d’un systétme du méme genre en
Angleterre, mais avec des modifications destinées
4 Paméliorer.

Ce Massenarbeit d’outre-Rhin ressemble un
peu & Pexploitation. des terrains auriféres du
Klondyke ou du Transvaal. Un propriétaireachéte
un champ, puis il le divise en parcelles qu’il dis-
tribue & ses ouvriers ; chaque ouvrier fouille en
tout sens son claim de fagon a en sortir le plus
possible.L’ensemble du rendement appartient au
propriétaire; heureux celui qui récolte la pépite
convoitée!

Or aujourd’hui nombreux sont les echercheurs
infatigables, mais la plupart des recherchessont
vaines, faute d’avoir été guidées, coordonnées.

C’est vers ce but que tend l'organisation préco-
nisée par M. Fleming.

I

L’auteur, aprés avoir rappelé 'importance de
r

| la science et son peu de place en Angleterre,

montre la nécessité urgente, tant au point de vue

[ de P'eeuvre actuelle de la défensenationale quede

I'avenir du pays, d’augmenter le bagage scienti-

| fique de I’Angleterre, et de le mettre sous la
| forme ot les applications surgiront le plus faci-
| lement.

I1 observe que la plupart du’temps les décou-
vertes du passé sont dues au travail et a I'initia-
tive personnels ; elles ont été faites par des ama-
teurs, dans le bon sens du mot, ¢’est-a-dire par
des hommes travaillantseuls et selon leursidées,
et souvent sans rapports les uns avec les autres.
Ce travail individuel est bien dans le caractére
anglais; il a ses avantages, mais aussi ses incon-
vénients : il permet & des pionniers d’ouvrir de
nouveaux champs de travail, mais il n’est pasfavo-
rable & leur exploitation compléte et systémati-

| que.

Le progrés & réaliser doit consister dansI’orga-
nisation de la recherche, en faisant de la multi=
tude des travailleurs scientifiques indépendants
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une armée ou chacun aura sa place et son role
déterminé. Il faut une coopération ordonnée et
disciplinée. On évitera ainsi les travaux en dou-
ble, les pertes de temps ; on utilisera compléte-
ment tous les génies, méme ceux d’une vuleur
secondaire, qui sont précieux par leur persévé-
rance au travail. '

Pour décider les grandes lignes des recherches
a entreprendre, des études préliminaires sont
nécessaires; la Royal Soziety, de par sa situation
et la largeur bien connue de ses vues, est toute
indiquée pour prendre la téte de ce mouvement.

La plupart des Sociétés scieniifiques ne_sont
plus guére, hélas, que les éditeurs de volumes
composés de comptes rendus hétéroclites de tra-
vaux divers, dont certains sont déja des lieux-
communs et ne peuvent donner lieu qu’a des dis-
cussions oiseuses. Il y a toutefois d’heureuses
exceptions, et 12 British Association a déja sou-
vent organisé des discussions sur des sujeis pré-
parés d’avance et du plus haut intérét.

La Société Faraday a adopté depuis peu le
méme plan, en provoquant I’envoi des opinions
d’un certain nombre de personnalités compéten-
tes sur un sujet donné, pour servir de bases a la
discussion de ce sujet en séance, discussion qui,
préparée ainsi, ne peut manquer d’étre féconde.

La fonction principale de ces différentes socié-
tés devrait étre l'excitation a la recherche nou-
velle, et I'étude des moyens les meilleurs pour y

‘parvenir.

Au début de chaque session, le bureau devrait

tracer un plan de travail et diviser les sujets d’é-

_tude selon le nombre de séances, demander a
des chercheurs qualifiés des communications in-
troductives, en distribuerlargement des extraits,
les faire suivre de courtes contributions dues &
des spécialistes autorisés, de facon a concentrer
Paitention et la discussion sur les points essen-
tiels.

Mais il faut faire davantage: formuler jusque
dans le détail des suggestions précises sur les
travaux futurs a entreprendre, et les porter & la
connaissance de tous ceux qui soni capables et
désireux de s’y atieler.

Ce sujet est traité dansun Livre Blane, publié
en juillet dernier parle Ministére de I'Instruction
publique anglais, et intitulé : « Vues générales
pour Uorganisation et le développement des Re.
cherches scientifiques et industrielles ». 11 semble
préconiser I'établissement de deux comités : une
Commission du’ Conseil Privé, qui assumerait le
contrdle des dépenses votées par le Parlement
pour la recherche scientifique et industrielle, et
un Conseil consultaiif, composé de savants et
d’industriels compétents. Celui-ci s’occuperait :

1° de proposer I'institution de recherches spéci-
fiques, 2° de I'établissement d’institutions spé-
ciales, pour I'’étude des problémes concernant
des industries particuliéres;3°del’établissement
et de I'attribution de bourses d’études i des étu-
diants ou & des chercheurs en vue de ces recher-
ches particuliéres.

Il est évident que ces Conseils consultatifs
devront comprendre des hommes d’expérience
au point de vue de la technique et des applica-
tions scientifiques, a coté des savants théoriciens.

Pour pouvoir traiter de toutes les questions,
actuellement olt chacun se spécialise, le Livre
Blanc prévoit Porganisation d’un grand nombre
de sous-commissions spéciales, renforcées d’ex-
perts dans la branche particuliére de la science
ou de 'industrie qui est visée,

Pour éviter de tomber dans la bureaucratie, et
pour que la nouvelle organisation ne devienne
pas un simple Département d’Etat, il serait bon
que les Bureaux consultutifs soient élus par les
Sociétés savantes et industrielles elles-mémes,
car parmiles membres de ces diverses associa-
tions, on trouvera les compétences diverses qui
sontindispensables.

Dans chaque Bureau, on placerait un fonetion-
naire du Ministére de I'Instruction Publique
pour administrer les fonds publics provenant de
subventions ou de dons divers, mais qui s’occu-
perait de cela seulement, ne s’immiscant en au-
cune facon dans les délibérations qui resteraient
réservées aux savants.

Au reste, chacune des grandes Sociétésscien-
tifiques de Grande Bretagne devrait déja — si ce
n’est pas fait — nommer un comité de recherches
recruté parmi ses membres les plus connus ou
les mieux doués. Il faudrait faire voter tous les
membres, et rendre ce bureau renouvenable par
fractions au bout d’un certain temps pour en raf-
fraichir I'esprit. La Royal Society pourrait
prendre la direction supréme de l'ensemble de
ces bureaux destinés & I'organisation de la re-
cherche scientifique, désignant les besoins gé-
nérauxdans chaque domaine et les directions des
recherches les plus nécessaire dans.des comptes
rendus succints. Le premier compte rendu ne
contiendrait sans doute que des indications de
lacunes, en laboratoires, appareils, chercheurs;
mais les suivants entreraient dans une discus-
sion plus détaillée des problémes attendant une
solution et des recherches a entreprendre. Un
archiviste ou secrétaire, nommé par chaque bu~
reau parmi les savants sachant tenir une plume,
condenserait les opinions importantes de facon
ane pas réunir des avis au hasard, mais 2 quin-
tescencier I'avis général des experts dans une
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méme branche. Ces comptes rendus, bien faits,
auraient une valeur énorme comme documents
pour les réformes 4 introduire en pratique.

Les Bureaux consultatifs devrait étre subven-
tionnés, afin quela recherche scientifique puisse
devenir une profession libérale comme ‘une
autre. Il ne suffit pas de chercher partout des
travailleurs, il fautleurpermetire de gagner hon-
nétement leur vie... Un homme deviendra un
« chercheur scientifique », comme il devient
médecin ou avocat, et pourra donner ainsi tout
son savoir, et non pas seulement pendant les
vacances ou A temps perdu, comme le font ac-
tuellement certains savants qui professent dans
les établissements d’éducation. '

Des « bourses de recherches » de ce genre ont
¢té fondées pendant ’Exposition de 1851 et ont
donné de bons résultats ; leursubvention devrait
étre de 3.750 & 5.000 fr. par an-

Donc, pour les recherches scientifiques, créa~
tion de bureaux consultatifs rencuvelables sur
vue du travail produit; division du travail distri-
bué & des sous-commissions d’études et & des
chercheurs professionnels.

On a coutume d’accuser les maisons anglaises
dontla fabrication comporte des détails scienti-
ques de ne pas s’étre assuré, comme les maisons
allemandes, les avis d’experts en la matiére. Les
savants, questionnés, ont répondu que cela te-
nait 2 'imprévoyance ignorante des fabricants j
ceux-~ci jettent a leur tour la pierre aux savanis
et les accusent de manquer d’esprit pratique. I
y a sans doute de I'un et de l'autre,

Les questions de prix de revient, de trans-
poris, de main-d’ceuvre, d’approvisionnements,
viennent compliquer singuliérement la recher-
che scientifique au moment de son d’application
a Pindustrie, et tel succés de science pure peut
devenir un fiasco en science appliquée, de par
ces causes secondaires, qui sont & considérer
aussi avee attention.

Le secret professionnel aussi est de premiére
importance, de méme que la propriété d’une dé-
couverte. Siunsavant au service provisoire d’un
industriel fait une découverte d'un gros rapport,
4 qui appartiendra-t-elle? A Dindustriel qui
prépare la voie, a fait venir le savant et lui a mis
tous les atouts dans la main ? ou au savant dont
V'intelligence a résolu le probléme ? Et si le sa-
vant fait mine de ne rien trouver et emporte
d’importants secrets qui peuvent lui étre achetés
4 prix d’or par une maison rivale?

M. T. Humberstone a traité de quelques-unes
de ces difficultés dans une brochure éditée par
le Ministére de I'Intruction publique anglais, ou
il rappelle la solution de la question préconisée

" aux Etats-Unis par feuleProfesseur Robert Ken-

nedy Duncan sous le pom d’association de re-
cherches industrielles, ot elle a donné de bons
résultats. Les Universités choisissent parmi
leurs éléves gradués des « membres chercheurs».
D’un autre coOté, les fabricants sont invités.
a s'adresser aux universités pour la solution
des problémes qui les intéressent. De part
et d’auire, on signe un contrat, un véritable
contrat commercial, mentionnant la rémunéra-
tion du chercheur, et sa gratification en cas de
réussite. Celui-ci s’engage au secret, et a faire
breveter la découverte possible par le fabricant.
De la sorte ious les intéréte sont sauvegar-
dés : le fabricant a 4 sa portée les ressources du
laboratoire universitaire; I'inventeur posséde un
stimulant et un salaire; Puniversité méme béné-
ficie des découvertes de science pure qui peu-
vent dtre faites en chemin. Le chercheur acquiert
progressivement de 'expérience et par consé~
quent de la valeur. C’est une variété nouvelle
d’ingénieur-conseil, le savant-conseil. '

On a souvent agité la question d’une récom- '
pense pécuniaire que I'Etat devrait accorder a
ceux qui font progresser lascience. Gect est juste
en théorie, mais inapplicable en pratique, car
nul ne connait la valeur d’'une découverte scien-
tifique, dont on ne se rend méme compie que -
bien des années plus tard... trop souvent apreés
que la tombe s’est refermée sur ’inventeur.

Pour illustrer cet aphorisme, M. Fleming cite
le cas de Faraday, dont la découverte de l'induc-
tion magnéto-électrique en 4831 parut sans
grande valeur alors et dontl'applicationa créédes
richesses énormes. Il cite aussi le livre de Clerk
Maxwell : « Théorie dynamique du Champ élec-
tromagnétique », considéré a son apparition
comme une ceuvre de science un peu exaltée, et
quiprovoqua vingt ans aprés les travaux de Hertz .
sur les ondes éleciriques, et nous donna trente
cing ans plus tard la télégraphie sans a1

Comment payer des choses pareilles, les plus
belles, celles qui dépassent ’entendement hu-
main de leur époque?

La seule possibilité consiste, non & payer les
découvertes, mais i les faciliter en provoquant
des collaborations, des associations d'études,
des sociétés, des unions professionrelles de sa-
vants, assises sur les bases solides et bien com-
prises d’un systéme qui les renouvelle et les -
astreigne A une production intensive et régu-
lisre. i

Le systéme des Bureauz consuliatifs et celui
des Membres-chercheurs peuvent étre combinés.
profitablement pour en créer un troisiéme, meil-
leur encore, qui cumulerait 'encouragement et
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la récompense, la science pure et la science
appliquée, la nouveauté et 'iniérét.

A la suite d’une démarche faite en mai 1915
par la Royal Society et la Chemical Society au
Ministére de I'Instruction publique anglais, le
Parlement a voté un crédit annuel de 625.000 fr.
pour la recherche; c’est évidemment quelque
chose, mais ce n’est pas encore assez.

I

M. Fleming étudie en second lieu les moyens

- nécessaires a la recherche scientifique, soit les

matiéres et les appareils. Jadis, ils cotitaient peu

de chose ; mais, actuellement, il n’en est plus de

méme : la recherche scientifique moderne néces-
site, en général, un matériel cotteux, -

Au commencement de la guerre, on eut la
douloureuse surprise deconstaterque, pourtoute
la verrerie, la porcelaine, I'outillage de labora-
toire, I’Angleterre était tributaire de ’Allemagne
oude’Autriche. Méme disette de produits phar-
maceutiques, de colorants, de réactifs... Les
sciences physiques n’étaient pasplus heureuses;
I’électricité surtout manquait des éléments les
plusindispensables : pas de fours électriques i
résistance, pas de pompes pneumatiques pour
vide élevé, pas de fils métalliques spéciaux pour
bobines de résistances, pas de charbons pour
lampes a are, ete...

La prévoyanece scientifique allemande éclate
particuliérement au sujet du tungsténe, indis-
pensable a présent pour la fabrication des lam-
pes & incandescence dans lesquelles il a détréné
le filament de carbone, et aussi pour les aimants
etles'machines-outils ot 'acier au tungsténe est
nécessaire. Dés qu’ils se sont rendu compte de
Pimportance de ce nouveau métal, les Allemands
ont voulu l'accaparer, achetant méme toute la
production des Indes anglaises, qui a elles seu-
les fournissent un cinquiéme de la production
mondiale. Ils achetaient le minerai brut et I'ex-
pédiaient en Allemagne pour étre traité, et les
Anglais se contentaient de racheter le tungsténe
métallique ou lés instruments mémes ot il est
employé.De la sorte, lorsque la guerre éclata, les
Allemands, non producteurs,avaient un stock de
métal, et les Anglais, producteurs, n’étaient pas
capables d’en traiter une tonne! .

Ceeci n’est qu'un exemple entre mille, dit
M. Fleming, « pour montrer l'imprévoyance
anglaise opposée ala prévoyance allemande ». Il
ne faudrait pas en conclure que les Anglais

‘soient incapables; seulement ils trouvaient plus
commode d’acheter que de fabriquer, 4 cause des
difficultés du travail et des complications des
lois fiscales,

M. Fleming note d’ailleurs avec plaisir les
progrés faits depuis quelque temps, et qui déno-
tent en effet un grand effort accompli. Rien que
pour l'industrie verriére, par exemple, ravivée par
un Comité de Recherches fondé par Ulnstitut de
Chimie sous la direction de feu le professeur
Meldola, onze formules ont été établies et distri-
buées gratuitement aux verreries d’Angleterre,
qui suppléent dés i présent aux besoins du pays,
méme en verres optiques ou pharmaceutiques
inattaquables, tubes pour rayons cathodiques,
ouautres spécialités. Certaines verreries de labo-
ratoire, particuliérement compliquées, ne sont
pas encore obtenues, mais cela viendra sans
doute, comme on I'a réalisé pour la porcelaine
chimique que 'on faisait aussi autrefois venir
d’Allemagne. ’

Voila pour le présent, mais il faut aussi envi-
sager I'avenir. Aprés la guerre, I'Angleterre va-
t-elle de nouveau s’engourdir et redevenir tribu-
taire de I’Allemagne ? ’

Pour éviter de semblables errements, il faut
créer pour ’Angleterre son indépendance scien-
tifique absolue : ¢’est pourquoi il faut créer un

Bureau des Travaux scientifiques.

Que les agences, les comités, les institutions,
que tous ceux qui veulent contribuer & donner
aux usines les informations scientifiques néces-
saires se groupent, se fondent en une organisa-
tion unique, dont la fonction soit justement de
distribuerles renseignements au sujetdesmodes
de fabrication, des prix de revient, des brevets;
en général, de tout ce qui touche aux recherches
scientifiques.

Il faudraitsubventionner, au début, ce Bureau,
mais il ne tarderait pas 4 se suffire & lui-méme,
ne serait-ce que par le recouvrement des cotisa-
tions payées parles fabricants abonnés. De méme
que Pon s’abonne & une agence d’informations
politiques ou financiéres, ons’abonnerait a cette
agence d’informations scientifiques qui trans-
metirait les derniéres nouvelles intéressant la
fabrication, la science pure ou appliquée, I'outil-
lage d’usineet de laboratoire, etc... Un atelier et
un laboratoire d’'essais seraient & la disposition
des membres, pour permettre des expériences
d’application, de matériel, et pour faciliter aux
fabricants ou & d’autres abonnés les décisions a
prendre, en leur montrant quel est 'objet, la
matiére ou l'instrument dont ils ont besoin.

On trouve un commencement  d’exécution
de ce programme dans les informations publiées
par Ulnstitute of Chemistry, sur les réactifs d’ana-
lyse, préparées par un Comité spécial nommé
par P'Institut et la Sociéié des chimistes analys-
tes. Une Association anglaise de matériel de
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laboratoire s’est fondée aussi par I'union de
plusieurs firmes, .

Il vaut mieux eependant réunir les intelligen-
ces que de les laisser travailler par groupements
séparés; il y ala un effort national & faire pour

~sauvegarder I'indépendance scientifique del'em-
pire. L’éminent professeur supplie les législa-
teurs d’étudier toutes les mesures a prendre pour
non seulement aider 4 la création de cette indé-
pendance, mais aussi pour éviter qu’elle ne soit
tuée tot aprés la cessation de la guerre, par la
concurrence que ne manqueront pas de faire les
Allemands.

11 faudra pour cela élaborer un systéme de lois
commerciales destinées & protéger la recherche
scientifique en Angleterre et chez ses alliés.

II1

Le dernier point étudié par M. Fleming est
la formation du contingent destiné i diriger les
recherches scientifiques.

Le sommet de I'esprit inventif, le génie, est
une chose qui ne se commande pas, qui ne
s’achéte pas. Cela est évident, mais on peut tou-
jours le protéger, I'aider.

1L faut que le pays comprenne que les hommes
si rares, doués d’une grande capacité scientifi-
que.et invenlive, sont une richesse nationale in-
calculable! Cette science, ce génie, ne doivent
pas étre dissipés dans la lutte pour le pain quo-
tidien ; on doit faciliter au contraire a leurs pos-
sesseurs la vie maiérielle, afin d’utiliser toutes
leurs facultés vers le but cherché. On doit pou-
voir aussi développer chez de jeunes sujets les
tendances au génie inventif, ens’y prenant d’une
fagon convenable.

Le systéme d’enseignement actuel est déplo-~
rable; les examens donnent des primes & la mé-
moire seule, et tuent Poriginalité qui est d’une
grande valeur;et, malgré toutes les critiques sur
ce sujet, la routine reste la méme. L’éducation
parfaite a pourtant pour but:

1° De former le caractére et la volonté et de
créer le jugement;

2° De donner les connaissances générales né-

cessaires pour accomplir certaines choses;

30 De développer l'initiative, et le pouvoir de
comprendre les problémes nouveaux.

Or, les méthodes actuelles d'enseignement se
bornent le plus souvent  fournir des matiéres
toutes digérées. '

Une éducation compléte doit d’ailleurs com-
prendre une partde science et de ses applications
au bien-éire général; et pourtant la plupart des
maitres ignorent tout de la science et ne cher-
chent méme pas & en rien apprendre; ils s’en

désintéressent. Dans les écoles, trop de place es+
accordée i la littérature et a la grammaire de
deux langues mortes et peu on pas du tout aux
phénomeénes physiques de la vie de chaque jour.

A cet état de choses doit étre attribuée 'indif-
férence dont font montre les dirigeants de toutes
les carriéres libérales pour ce qui toucheala
science.

Et pourtant, note M. Fleming, ce sont les dé-
couvertes'scientifiques qui fondent les industries
nationales ou les détruisent, précipitant dans la
misére ou enrichissant de nombreuses popula-
tions. II cite & 'appui de sa thése la disparition
bienconnuedelindustrie dela garance enFrance
et de I'indige aux Indes, par la découverte de
leur synthése chimique en Allemagne et son ap-
plication industrielle.

Voila un exemple de la guerre économique,
dont les armes sont les découvertes et les inven-
tions scientifiques et qui n’est pas moins désas-

.treuse que la guerre quise fait par le fer et le feu.

La question primordiale est donc la suivante :
quelles sont les mesures & prendre pour former
les hommes qui porteront les couleurs de I'An-
gleterre dans cette bataille économique? Plus
d’une application industrielle réalisée ailleurs a
eu pour base les découvertes ou les suggestions

- de savants anglais. Ce qui a manqué dans ce

pays, c’est la force de caractére nécessaire pour
pousser les idées jusqu’au point ou elles devien-
nent pratiquement productives. 1l faut suivre
Pexemple d’Edison qui,faisant les premiers essais
de son phonographe, s’enferma, dit-on, a clef
dans son laboratoire avec ses aides, et jura de ne
laisser sortir personne avant que I'appareil n’edt
parlé! )

11 faut donc établir une union trés éiroite entre
lascienceetl’industrie. Certains savants y voient
un abaissement de la science. Certains indus-
triels, par contre, ont tendance & mépriser la col-
laboration de la science. Et, pendant ce temps,
P’industrie s'étiole et périclite.

11 faut que des liens solides soient formés entre
les Universités, les grandes Ecoles et les usines,
de fagon A pouvoir utiliser immédiatement dans
les fabriques et les ateliers les jeunes gens frais
émoulus des Ecoles.

M. Fleming préconise, pour arriver & ces fins,
le « sandwich system », qui consiste, pour des
études devant durer quatre ans, & passer alterna-
tivementune année a’usine et une année dI'école,
la premiére et la troisiéme année & I'école, et la
deuxiéme et la quatriéme 4 Y'usine. Il assure que
les résultats sont meilleurs que ceux obtenus par
deux années consécutives au méme endroit.

Les professeurs devraient s’aboucher avee des
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hommes de la pratique pour échanger des idées
sur les méthodes & suivre pour diriger le travail
des étudiants-apprentis, afin d’en faire, non des
théoriciens peu pratiques ou des praticiens non
scientifiques, mais des hommes utiles et pré-
cieux.

La pression économique qui suivra la guerre
aura peut-étre, parmi ses résultats, celui de dimi-
nuer le nombre d’heures dépensées aux sports et
aux jeux en Angleterre, et par conséquent d’aug-
mentier le temps consacré aux choses de I'esprit.
On pourra élever le niveau des classes et terminer
déja au collége certaines études que l'on faisait
dans les Ecoles supérieures.

It y aura aussi a agiter les questions économi-
ques, que les jeunes gens devront connaitre,
appréeier, approfondir dés le début de leurs étu-
des spéciales. Ils devront apprendre, non seule-
ment gomment fonctionne une machine au point
de vue' mécanique, mais aussi comment elle fonc-
tionne dans I’économie de l'usine, ce qu’elle
cotite, ce qu’elle rapporte. Dela sorte, ils tireront

. parti immédiatement de leur stage d’atelier, et
acquerront plus vite ce « flair d’industriel » qui

fait évaluer les choses immédiatement en possi-
ble et impossible, en profit et en perte.

Il faut, pour réparer les désasires de cette
guerre affreuse, utiliser tout ce qui a éé gaspillé,
et abolir le coulage et I'insuffisance dans la vie
quotidienne, industrielle, commerciale, domes-
tique. ( :

Ii faut, dit en terminant I’éminent professeur,
avoir recours & l'ordre le plus absolu, metire de
la méthode dans la recherche scientifique méme.

Nul n’était mieux placé que M. Fleming pour
mener 4 bien une étude compléte sur les lacunes
de la science industrielle en Angleterre, et les
moyens d’y remédier. C’est par son influence et
sa compétence reconnue qu’il obtint, il y a bien
des années, I'établissement du National Physical
Laboratory dont I'Angleterre est fiére a juste
titre, et quia déja rendu tant de signalés services.

Il faut espérer que sa voix sera de nouveau en-
tendue, surtout & un moment ol Ia France et
IUAngleterre, comprenant 'importance absolue
des recherches scientifiques, viennent de mettre
en commun leurs nouvelles découvertes.

J. de Baillehacha.
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