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XTIl On Unipolar Diduction : Another Kapervment and s
Stynificance as [eidence for the Faistence of the ther.
By 5. H., Kenvanp, Ph0°

ol Introduction.

“[ NIPOLAR induction in the general sense may be

defined as induction due fo motion alone.”” This
condition requires that the magnetic induetion shall remain
consiant. at all points fixed relative to any part of the
material system involved, so as fo exclude any possible
effects due to a changing magnetic field ; and the only form
of maotion satisfying this requirement is rvotation about an
axis of magnetic symmetry. The foodamental problem of
Il!iilmlilll‘ induetion is therefore thig, whether the mdueed
.M. I, is determined by the absolule rotation of the syskem
or by the rotation ol its parts relative to each other.

Theory has answered the :1|:|:$\‘I.Eun i threa principal Ways,
Tha oldest view, put forward by _]_i‘:ll':l(t:l_}' andd adopted by
Lorentz, refers the effects o an indneed clectromotive
intensity given by

L esi,

where B=wmagnetic induction and w=velocity velative to
the ther (assumed siationary): the offect will therefore
dopend in part upon ihe votaiton of ihe system asa whole. -
The * moving line 7 theory adopis the same expression, but
inferprots » as velocily relative fo axes fixed 1n the material
magnetic system ¢ this view is virtually inehuded in Neumann’s
theory of clectromagnetism, and is hased upon complete rela-
tivity, so that the effeels depend only npon relative rotation
hetween the parts. .
Bxperimentally, the question can be answered only by
observations upon open cirenits.  The st investigation of
this kind seems to be one made by the anthor +, in which an
iron bar magnefized by a stationary solenoid was set
volation inside an insulnted metal ceylinder connected io
parth, and a charge was looked for on the eylinder due to o
passiblo .M. ¥ in the earthine wire.  The result was defi-
nitely negative. Barnett’s objection T that the negative
result. might conceivably be due to the non-rotation of the
solenoid is valid, but secems decidediy weak, For it assumes a
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radienl dillference (o exish hetween induend and permanent
magnetism, fov which there is no other evidenes ; it even
requires that the remanent moonelisio shall not, ac quire the
icducing propertios of permaneni magnebisin until the wmag-
wir,,lnfr force is removed, for the remanence in the har
amplm-{-r] amonnted to over 25 per cent. This experiment.
sorves, thevefore, to throw grave doubt upon the :nmm;-lm('
!Iwmv' but beyond thal its theoretical significanee 1s limited
by the fact thai the rolaling magnet was necessarily enclosed
in a second metallic seroen of small diameteor, and this mieht
concetvably ael so as fo eut ofl the effect.

Mg 1.

e W A=

A more insivactive bud imore ditiicult arrangement consists
of a cylindvical condensor mside a cosxinl solenoid (I:{_‘ L),
bhoth « 1[\,|h|(~ of rotation about their Imlnliudllm] axis ; the
condenger 18 connected to an f-lm,i.lui‘nlim as shown., ot
the condenser he shovi-cirenited and sel in |'-::f,.-'|fim| with the
solenoid energized.  Then according lo cither Loreniz’s or
the moving-line theory (hut not. according 1o Fleriz? s) the
fowor 1'.}'“”:.'{(‘!':4 of the coudenser should come 1o diflerent
potentinls, and the inner one at least should be charged.
According Lo Lorentz’s theory rotation of the solenoid should
have no effect upon this charge. According to the moving-
tine theory roiaiton of the solenoid alone shonld charge the
condenser in Lhe same maoner, while the condenser shounld
remain uncharged  when  condeuser wnd solenoid  rofate
togeiher with no relative motion between Lhent,

Barnetl,  constructod an apparaing of this sort® and
showed fhat votation of the solenend alone :lnvninpmi no
charge upon the condenser. Lator, Fehrle T reported con-
frimatory observabions with a rather different arrangement,
bt i work 1 marred by several vesulis which must cer-
tamly be wrong @ ano of his results even conbradicts ['!1::1':1(i:|_}"s
lnw for elosed crvenids |

Under these cirenmstances, while there appeaved to be litile
douht of the correeiess of Loreniz’s thicory, vel fthe matfer

R Bt Phy=, Wav, Noy, 1912, P82
t Vehele, Ana, xlii. e LGB (101,
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seemed of snflicient inferest to justily the atlempt Lo obtain
both positive and negative resulis with an apparatus like that
deseribed above, and Lo prove experimentally that the mner
cylinder really would chavge up i spite ol 1is being enclosed
by a melallic sereen .u!.‘tm'r with it.

Another apparatus has mumimfrlv heen constructed in
which either the condenser or the solenoid could be set in
relation.  The present paper confning an acconnd of the work
and a discnssion of the theoretical significance of the result.

§ 2. Apparatus.

'I‘]w condoenser and solenoid are shown to seele n fig. 2,
which is Inrgely self.explanatory. All metal parts, mcluding
the base, were of brass, (mn':l—lin:m in Hone with the mner
cylimder were introduced in order to aunphf} the ealenlation.
Rotation was effected by means of a belt connected to a
molor placed about 2 feet away.

£ beush ; D, slip-ring ; 15, solenoid, 224 en long, 1150 tores of wire ;
I, condenser : onter eylinder 205 e lony, 664 em.in diam. 5 inver
evlinder 161 en. long, mean diam, 5.8 e, o amber rings 4,
Dhiam. of shaft, 1-27 cm.

The prineipal apparaius was earvthed by a brush of brass
wires shiding on the knob I3, and was otherwise msulated
(except For a resistance of 10,000 ohms accidentally left in
place between frame and "n!ll) the ouler eylinder of the
condenser is thus practically earihed at a point on the axis.
In the final arrangement tho needle :(nn-mmu ating with
the mner 1\'[111{1(4 consisted of a o opper wire ahout I mm. n
diameter, and was connected to the wire 1 leading to the
electrometer by ineans of an sulated hrush of brass wires
bearing }Vuh\' on one <ide and partly on the other. This
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arvangement. was satisfaclory, excepl that sudden large dis-
turbanees wore rather frequent. — An earlier arrangement,
consisting of a stoel needle running in a drop of mevenry
seemed rather better © the subsiitution was made in lrying
Lo loeate a very troublesome distirhance, which was fnally
braced Lo a minute looseness of the needle. The clectrometer
was placed on a separvate prev about 6 feel From the apparatins
and i line with it the connecling wire Iying approximaiely
nlong the axis. The sensiliveness was raised by means of 2
concave lens from 3000 to about 18,000 mm./voll at 4 .
distance ; the spot could he read when stabionary to (-2 mm.
Hlectrometer and connecting wire were carefully sereened
and the windings of the solenoid were connectod io earth
throngh 10,000 ohms in order to render definito any residual
eleclrostatic offocts.

No means being at hand to record the instanianeous speed
of rotation, a doviea was adopied which gave a veading pro-
portional to  the product. of ﬁ('.]:|~s~*t',|'f~.||g!.-|i and spead. A
Faraday disk A was mounted on the ond of the shaft, and
galvanometor giving about. 33 10" nym famp. was connected
throngh s megolin 1o o brush of four brass wires heaving on
the hotiom of ihe groove i the disk, and to a4 second brosl
shiding opposite Lhe earthing brash on the knobh 1.

'ﬁ 30 Methad nl,.f" (Mservation.

Sinee setbing the eondenser in rotation caused o deflexion of
several centhneires, veadings were faken only by varying the
mapgnetic held at, steady speed.  Let Q) be the charge held
on the inner cylinder of the condenser by electromagnetic
mdduction, and let () =tolal charge on inner evlinder, con-
neeting wire, and electromoter, C=capacity of ihis sysiem,
ad YV =polential of electromefer and c:nnnn:-.l.in;g. wire.
Then

O=D)eptiV.
IT, now, the magnetic field is alteved, Qs aliered 1+ and il the

system is insulated o defloxion of the elootrometer will result
corvesponding fo a change in iis potential of

| i
V=— (! 'é‘(\}.l-

ry - . B
Fhe usual method was io set the apparalug in rotaiton and
insulate the electrometer i then read the spot and throw on
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the current ; after 20 seconds, read again and reverse the
current ; after another 20 sceonds, read again and throw off
ihe un‘u*ni., after another 20 seconds, takea final reading.
This gives, by subtraction, thres deflexions. The electro-
meter was not quite dead-beat, but reached the end of its
swing in just 20 seconds ; intervals of this length were
marked out by a torsion-pendulum actuaiing a sounder. The
{,}.ll\'lllﬂlllblﬂl ulsu was not quite dead-beat, but reached the
end of 1ls swing in 15 seconds, so iis extreme ]thtlﬂ[] Wik
read 1o each mal ince, giving three galvanometer deflexions
hkewise., Sets of li-,niilllgs were talken In groups of four so
as Lo eluninate all effecis ithai did not t‘ll.lll!_]l' sS1gn hoth with
the current and with the direction of roiation.

The apparent deflexion due to throwing the magnetic field
on  was caleulated by adding  twice iln- middle deflexion,
reversed ‘-lg_{n to the other two and {fllltllll}_,fhv sum by 6;

deift is thos eliminated.  The result 1s a hittle too l.ugu
Iw»:.uuwl of the undordamyping : hut the nee «:ﬂ:ﬂif} for making a
mnmimn wag avoided by taking H:-['Ilihll‘qu}l‘l readings in

weacth imitation of the |n|m~11>:|] ones, using a known source
nf potential,

A currentof 23 amp. was usually employed, and full speed
was abhout L'Dﬂﬂ R,

$ 4. Calevlation c::f' Chlarge on Toner Cylinder.

I is easily shown that any point of the apparatus metalli-
eally connecied to earth comes to a potential of Np elmg.
units, where p=rev. per see. and N={lux encircled by the
point in cach revolution.  Accordingly, the magnetic flux
through varions sections of each ¢ vhmlu' and the shalft was
:::mlr'n('tl with that t hrough the contral section of the outer
cvlinder by means of a |s.1E|]f-l||- galvanometer; a null method
Wils ¢ mplm*ml and great eare was taken to eliminate stray
affects. 1 was found thai the flux through any section was
plnpmilcm'ﬂ to the area of the section .|m| to the sum of the
angles subtended by the mean ends (vadius 4°93 em.) of the
ur}]nmmi with a maximum correciion of 2 per cent., and this
fact was uiilized in caleulating additional values.

The caleulation now rl:tlm.{!s- to the solution of the ftol-
lowing elecirosiatic problem : given the potentials over the
bounding surfaces of two spaces each having the form of a
right cylindrical shell, to find the distribution of elecirification,
The work was done in steps so as to avoid the solution of
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more than two siimnltancous equations ab a thme.  The result,
For the onter space was

Vo= Vof — 259 4 1:067 log »
—eosh (3272) [0205.0,(327r) -1 0352 Ko (3277))
—cosh (-292) [0027-F,(-2920) — 0L LT K (-292r) ]},

whoere == distance along axis from centro. Vio=potential at,
centre of outer eylinder, and

2 |
. s b
I\"=J“ IU-."“.‘{ A 2"-! ( I :l S :;'.';i.'-'z(! ek J.'! | R

with a similar vesult, for the inner space (between shaft and
eyhnder and guard-rings).

The charge on the insulated inner eyhinder is the difforence
between the slecirie fluxes just outside and Justoinside the
eylinder : this turns oui to he (—7-62 4 FAO) V= —6-22V,,.
Irom the degreo of accuracy ol the work and ihe following
analysis of possible sonrees of ervor, ibappears that the solution
result. should be acenrate io one<half per cent.

The vesidual eveor in the IHIIII'H!F]I'.}' values of the polential
exceeded 0003V only over the end plates and near the end
ol the onter cyhinder, whore i, roso r|uii:|{]"_\' to 004 V. The
clloct of the rihor large ervor over the end plates may be
estimibed by asstmilating the space to a rectangular slab

and employing as an approximale harmonie the GXPression
rr

T r—_—r i ol : ip
J‘u" TP e 7 ---"'I. “ 1= f’..“lfill\' F}HJWII “1{”, even if "J‘\ ware
2 P o
-

equal oV ihe effect of sueh a term upon the nsulatoed
eylinder would be negligible. Fvidently the same must be
trae ol the small orror near the end of the outor evlinder. The
conmecting wire will also be charged, but the charge on the
part ol it side the shalt is aasily shown to he negligible by
treading it as one coading of a small condenser.  The lomgri-
tudinal - part. aidached o the eylinder will Lo ai a lower
potential than would exisi ad thai. point in ihe absence of ihe
wire, boeause the potential due to induction js proporiional
Lo 72, while that due to the charges will contain chiefly Tog r;

henee fhe wire will be negatively charged.  Calculation
shows that ihe difference i polentials would he abont
OV estimating the capacity of the wire ai, 273 elst. unit,
we have acharge on it of — 002V,

Turning now to the amber insulators,—il the entire gpace
were filled with amber there would bo no effect upon the dis-
tribution of elecirification™; hut here we have to o wilh

* B Kennard, Phys. Zeits. Dece. 1, 1912, P LIS5 ;. Marveh 15, 1917,
I
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short. rings, and they were also flattened on opposite sides to
a depth of some 3 mm. Now a rather long caleulation by
the method of the first article eited shows that an amber
shell extending the whole mi;?]l of the spaee and from the
shafl to wal.lnn 3 mm, of the nner eyhinder would inerease
the electric flux by someihing like 40 per cent. In the
actnal case the amber extended onlv an cighth of the length
of the insulated evlinder, and was fla tioned over less than
half of the circumference, so that the effect conld hardly
exceed 2 per cent. of the flux : and this would result in an
extra chavee of only 0002 x 0140V, =0-03V,. Thiz correction
just aboul eancels the one due to the connecting wire.

§ 5. .I').-?fr?r-mhm.fr'rm of the Theoretieal Iiffeet.

A roueh estimate of the dJdefloxions f(} be expected can
now be made as follows. .\ cnrrent of 25 amp. would pro-
duce an induction of 1600 gausses inside the solenaid, and a
flux through the central seciion of the inner surface of the
outer cvlinder of about H5,400. AL a speed of 33 rev.
per sec. this gives a difference of .".IO'—"U]S‘” volt between
onter eylinder and axis ¢ (he charge on the inner cylinder will
therefore be 6-22 % 0183 x 1/300=0-114.> 1/300 elst. unit.
The toial ecapacity was found to he 138 elst. units; hence
with a sensitivencss of 18,000 mm.[volt the L‘ﬁialllllallll]l'lll of
the magnetic feld will cause a deflexion of 0117 x 18,000
<138 =149 mm. I in fig. 1 the direction of the magnetic
field i from left to vight and the top of the condenser is
moving ont of tho paper, then the outer cylinder will be at a
higher potential than Lhe axis, amd the inner eylinder will be
IH'(I'I{I\{‘I‘\. charged ; establishment of the field will canse a
e ﬂf'.\mn of !‘n(' i]t:isl.rnnmf-u:r in the direction of posifive
potential.

For an acenrate test of ”If‘dll".‘ the ratio hetween {’]f'(‘i'l‘{)v
metor and galvanomeler deflexions was employed.  For the
comparison H“I{IIII.L‘- a pote ntinl of V=002 volt (about) was
(lll}lhl ] ta the electrometer RS, W hi( I] Wi ll«i‘(l as a sfs lllt] ar “l
inductor, and simultancously n\.uth' one-tenth of this was
applied throngh  the mesohm to the galvanometer; by
applying, reversing, and removing the 1|~::{-'~ul|"|l I'L‘:l(]ln{:w
were taken in imitation of the prineipal ounes. The electro-
meter readings agreed within 2 per cent, and averaged
2075 ik while Ihn galvanometer deflexion was 62-2 mm.
The cocllicient of mllm-m o of the electrometer ease had been
-:'nmp.lrf'fl sreviously by a null method with a ;_de guard-
Ting (mn]mlwr whose ¢ apacily was u:n:pu!wl 1o be 401 elst.
u:n[s. and was Found Lo be 7-42.  On the other hand, ihe
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flux through the [Faraday disk was found with a ballistic
ralvanomeler 1o ho O-1197 of that Hnmmh the central section
of the outer (_}']iI]E](l‘ g0 that in the main ﬂ\imzlmmlf ithe
FEMUEF in the galvanomeier civenit was 001197V,.  Hence,
by proportion, the vaiio of the deflexions due to induction
should bhe

25 1V 22V,

SR R A = ()91
622 1197V, 747V

\EL O, The ,.‘r‘.'l'fr'{.'n'l’nmf:_f_;.l?.f'f.fr.' Trelreetion fﬁ.ﬁ.f

The final resulis on the rolation of the solenoid alone and
of solenotd and condensor locked f.()gi:i.lm sare shown in the
annexed table,  Columns S and [ give the direetion of rotation
and the initial divection of current respee tively, I and G
are the electrometer and galvanometer deflexions, and R is
their ratio.  * Rov. av.” th motes the aver age effect reversing
with current and divection of roiation. |*m|| sals of 1=-'uin|;,s
were rejected for vory obvious good reason, and at onee
replaced ; and |n‘.ri:.1}.\s asmany more sets were not.completed
hm::nl' of the oceurrence of an obvious large distorbance.
To illustrate the character of the soparate readings: the
thrae electrometler defloexions for the first line in the table
were 80, +4-8, 43 7; for the second, +224, 4138,

For the G1th, +51, =391, +33; for the sixth,

20 - 20—

bl L 1<, (s I,
Sol..... - -}- - mme 4 Hmm.
= - 4l 3
-t - - 11 —
| -} MY - o
Bov, av. 4 19 0
Both.. . 4= S PO =607 097
- - [ErE Ly 237
- 416 - (3604 286
- — - 130 — (i}+8 158

v, Y
Final Obaervations,

The first proup of resulis contirms DBarnelt’s conclusion
that the electromagnetic eflect of rotating the solenvid alone
ig nil. A similar group taken proviously ranged from *8 (o

2T mm, and gave a reversing effoct of only 42 mm.
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Ifor the case where solenoid and condenser are set in
rotation at the same speed and in the same direction, the
mean value of the ratio 0°242 is 5 per cent. larger than the
theoretical value of (0231, Buf. immediate oly after these
ohservations a similar group of four sets taken at half speed
gave a mean vatio of 0228 (range 211 to -263), which
15 14 per cent. too small.  Then a group was taken at full
speod but by a different method @ in quick succession the
observer throw on the eurrent, insulated the electrometer,
read the spot, and reversed the enrrent : after 20 seconds
another reading was faken and the current was turned off,
and after avother 20 seconds a final reading was taken, This
gives two deflexions m opposite divections, a third of whaose
numerical sum should be the clectromagnetic effect.  The
vilues thus obtmned ranged from 195 fo 271, and averaged
0-233; including three readings rejected because the fivst
reading was not the ereater, the average becomes 0-241.
I"roportionality off the effect to current strengih had been
testad proviously ; a group of four seis using Ii.mlp gave
a mean ratio (nobt comparable with the previons values }n
25, while a group iaken mlch - the same conditions, but using
20 mnp., fni-“}f

With HH- condonser alone rotating final observations were
notobtained beeause the solenoid beenme short-civenited, and
it was not thought worth while to rewind it.  The case is,
however, deducible (rom the other two by simple super-
position 3 and partial confirmation is furnished by a grounp
of observations which were taken under about the same
conditions, and pave a mean electrometer deflexion of
L4 mm. _

The results thus remain somewhat rough, but they seem
sufficient to warrant the conclusion with fair certainty that
the condenser becomes charged by its own rofation in the
manner required by Lorents’s theory, independently of the
rotation of the solenoid,

§ 7. Fate r;f'ffu? Moving=line T.fu_-‘m::')r.

The view has been put forward by Poineave *, Abraham 1,
and Barnetl § that even observaiions on open eirenils cannot,
disprove the moving-hne tlutu\" and 1 ore ialﬁ’ to eriticism
by the author, Barneth maintained this view with some heat 8

* H. Poinears, Fel. Efeel. xxii. A {1900).
t Abraham & Vappl, Pheo. der Elelitr. p, 420,
I 3.0, Barnett, Phys. Rev, Nov, 1912, p. 'i-Iu.
§ 5.0 Barnett, Phys, Rev, Oct. 1913, p. 329,
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The anthor yields to none approciation of Barnett’s work
on umipolar induction, and in respect for his long ciperience

with electromagnetic theory 3 but on this point it seemsclear

(hab all of the writers mentioned have, through an oversight,
arvived af nowrong conelusion.

The maider has beon Fully discussed elzsewhore™, bul perhaps
a summary of the argnment will not be amiss here. Barnett
arges that an adherent of the moving-line theory must
suppose the fines (i e, the rotating magneiie :c}-'siun':) to sol.
uprin the other the sane clectromotive infensity that 15 eaused
to nct. upon a maieril dielectrie, and sliows from  this
assumphion that the charges developed upon conductors
would e the same whether the lines moved or not. The
objection which seems to the anthor conclusive is thal this

elochromolive intensity, of magnitude ~[V x B], does nolan

aeneral satisly Laplace’s equation. (‘The prool is simple.)
In spite of this fact Barnelt cmploys. the fwo addition:l
assumplions :

e | : :
= |1\| 5.5 HE’ e [ L R {l)
= ;
where [=total slectromotive intensity, e = clectric Torce

due to changes in the magnetic field and vanishes in the
present instance, I? = oleetric foree due to eiectrosiatic eauses
alone 3 and the equation

div (X y=dmpy ¢ o« o0 - o - (2)

where p=selectric densily.
Now in free miher we know [rom electrostatics that

div B=0. Henee in Free wiher div /= - div [V x B3], and
L : :

may not vanish, which contradiciz (2).  We are thus foreed
o the conclusion that i the nioving-line theory is correct,
then the lines do not act on the wther, but only on malerial
bodies, and instead of (2) we musl write (with Loventz)
div (KB) =dwp.

The real rool of the matler seems to be that the miher
cannol be weated as only o pavticalar species of the penus
« Jioleetrie,” but must be regarded as complementary to all
material dielectries,  The displacement or polarization in
matter does not. need to be solenoidal, beeanse ils sources can
bo eancelled by sources of opposite gign in the displacement
i the wiher, and the total displacement inay then  be

¥ 1 1 Kennard, Phva, Bev, May 19153, p. 3520,
] ; 1
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colenoidal.  But [ree mther has no such means of self-
defence, and consequently all forees acting on it must them-
selves ho solenoudal,

The moving-hne theory secms therefore Lo be deliniiely
disposzed of by the resulls obtxined by Barnest, Fehrle, and
the anthor,

§ 8. Conelusion.

The practical bearing of these experiments is smail, yot
they do nocessitate a correction of cortain statements that arve
common in the textbooks. For instance, it 15 not correct o
say that the offoct of rotating the armalure of a dynamo s
ilie same as that of votating the field-magnets in the opposite
Jivection. The tolal B.M.I. s the same, but in the first case
it, is developed alnest entively in the Tongitudinal parts of
the winding, while in the socond ease a large fraction of it 19
develope:d in the radial parts, and the distribution of electri-
ficalion on the armatare will bhe different.

The wost interesting case theoretically is that where the
solenoid and condenser rofate i.ngc-.ihn!.r af the same SP'”'—‘!'
The charging up of the condenser eannotl be conditioned by
cotation relative to the connecling wives and electrometor.
For suppose thal the sliding contacts had bean exactly on the
axis. which was nearly true, and that. they were conneeted
by an axial wire extending through the condenser so ax o
form 2 closed cireuit. Then it is certain, by Faraday’s law.
ghal rotaiion of the connecting wires and electrometer would
cauze no deflexion of ihe latter 5 and this negative result can
hardly be due to an B, i the axial wire which was
added. Rotalion rolative to the earth might in some unknown
way be r::.c:lmnsil'ﬂ{& for the ohserved effect, buf this scems
improbable. 1 we veject tlis assumpiion, then the effect is
due to an absolute rotation i the same sense in which ihe
nin:l':ﬂiun of a eyrocompass is «due to an absolute rotation of
the earth. :

Butl rotation of the whole is essentially only translation of
the parts. We must supposo each electron in the condenser
Lo experience i radinl foree |:m]mrtiunu.l Lo its distance From
the axis; and it 1s interesting to inquire what ean canse such
a force. 1t cannol be due either to the radial acceleration,
for that 1s 1:1‘(;1:{':1‘!}]:'}11:\l o the sgnare of the distance, nov to
a possible rotation of the electron about its axis, for that
should be the same for all electrons, nor to their motion
Feladive to other essential parts of the apparatus, for there is
no such motion. Apparently the only remaining alternative
o to aseribe the Toree to motion of the electrons relalive to
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something which is not. matter, and which does not share
in the rotation of the condenser, and this something must be
ilie stationary mther of Lorentz. '

This phienomenon seems therefore to lend definite support,
to the existence of an electromagnetic mther, | 1 15, [:far]l:ll'.‘*a
the only Tow-frequency ;ﬂie‘lmnwnnll which cannol easily be
dosen '1|>{-:| m terms ol “action at a digiance 7 belween
clectrons and aroms. T gseems, Tor this reason, to have some
importanee as a stambling-bloek 1 the wiy of those wlira-
rolativitisiz who would .HHIHI{nn the cone r*|:|mn af an wther
altogeiher.

Sienrmecry.

An experiment s deseribed showing that a eylindrieal
condenser votating inside a magnelized conxinl solenoid
becomes charged as vequived by the theory of Lorvents.
Rotation of Tllf‘ solenoid has no elfect. {H:II‘IH‘.L‘”.

Thae disprool of the moving-line theory is thus completed ;
alectromagnetic mduetion depends in part upon absolute
rotation in the mechanieal sense.  Analysis in terms of
electrons  seams  to make necessary  the existence of a
stationary wther in ovder fo explain the observed eflect; so
that the phenomenon geems to presont. difficultics for those
relativitists who reject the wther.

It 1s a pleasure o acknowledge obligations 1o M.
Christian Dane, mechanician, whose share 1n ihe  con-
struction of the apparatns left nothing to be destred ; and
fo Professor Henry AL Frikson for ns kindly interest, and
advico during the progress ol ihe work,
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NIV, Phe Limits r!,r"' fu_ﬁmunwfn'a"i!r; .-J;"{;rra--amn' Mivtires. j',,r,
W, M. Tuownron, /.8, 1. f.-mf.. !}UJ"HC\':H‘ .ﬂj !’f.rr!u:f-ff

KA n;ﬁnu??in’; i ;|Hnshnnr‘r ( ”,If,m;p Ne rmwu’;’;--u}a; 1= ;’, e X

i, FEWIH’-J ignition of an inflannuable oas mixed with air
dependsin avariety of ways upon the proportion

of OXYgen ill‘t'..‘iﬁ!ili.. With l1||FrItI<-nf~ l"i]!\1 ar condensor-
dise hnm\ the ignition pagses throungh eritieal slnges when
the ratios of the nnmber of oxyeen aloms to one Itlnii‘i wmle of

* Communicated by the Auther,



