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'rIlE POLARIZATION OF SOUNI).
AN EXAMINATIONI Nr() 'ritl' NATURi' (A'OF lVIRA-

'l0NS IN EXTENI)NlI) ME.)DIA.*

13 S;. W.' lROMNSONs,
l'rof' %sor o.f l1'f i i'it iclit iiliies, OhIio StMte Unifvevr.itv,
'T'h1e p1w1notlliriiA of polo i/tm cll of light have Ih( roto-

fore pieskti pposel tiallnsver."il vi\bihtlols of pal't isvio- of
the luiminitifruis ether. Stichi ibrations; have not only
bcen suppostet t ansveis il whun plliti/t el, but priitarily,
or whenll in their primitive coInlditiotn. It is l)rolscd(l n;ow
to show thi-t nio tccessity exists for conlsi(deiing theW vi-
brations in light as transversal in fronit of a lpolarizer
andI furtlhermlore to show that in all probability luminous
viibrations are l)rimarily longitudinal.

It is vell kniown that liglht can be radiated, reflected,
refracted, diffr;acted, diffuse(l, can be made to interfere
and( can be polarizd(l. All these effects are known to be

commion to soun(l, except the last, and it is for the sole
l)url)ose of explaining this in light that the convenient
theory of trainsversal vibration has been set up by physi-
cists, for the single case of luiminous vibration. It is to
be notceed that transversal vibrations are not to be

assumed imlp)mssihle wvhei suflicient cause exists. It is
sim)ply assumiecl that the cause is insutlicient wlhen a ma-

terial particle is mrade to vibrate from the aiction of a (lis-
turbance at a reimote single centre tra;nsmiiittedi to the
p;lrtile consi(lered ; thle centre, the transmission, an(d the
particle consl(credl, being supposed(l as belonging to a

hoinollogel otolls dclimili of' ilnielillitte extent,t .\s regards

thle iiAl tire thet vibratol yIlyin (eiilits of palticles i f

luminikrous ci icr may wve niot justly ;ask tl it, it we C.-anl

go thirugll such a range of (leIsity as fromlli platinum to
hydrogen without a change in the nature of the vibra-
tionis where, as wve rise in the scale of etheral tenuity,
shall longitu(dinal end( an(d transversal b-gin ? Why
should the luniniferous ether, now consi(lered as a sub-
stance, have a peculiar form of vibration ? If ether un-
(lulations can he polarized, wvhy not un(lulations generally?
These (luestionis are not answeredl by the highest author-
ities. rhe short of it all seems to be that if l)plarized
lighit ha(d never been discovered l)rol)ably the dev.ce of
transversal vibrations never would have beeni set up.

Indleed, the emineilt author M. J. Jamin, says in his
three volumie work on Physics at the outset, in his lesson
on polarizati,n, and subse(luent to the treatimient of in-
terference, diffraction andc othler phenomena XVh.t has

been sai( l)reviously of the MOVel1lelit of luminous waves

is ab3olutely independent of the directions of the vibra-
tion." This is goo(l autlhority for limiting the /Aansz'sr-
sat theorv to l)ol;ir-izl:ion aullthOltity With WvhiCh (doul)tless
all physicists will agree on this point. It is, therelore,
only necessary to puolirize sound to pilace all the knlown
c.'fCcts of luMiTOUS WveS ill Cilllloil with soLn(I waves,
or to mak-e the theory of long,itudinal vibrations univer-
sal.

Assent to the above notions will the more read,lv
given after noticing- the consi(deration that, in polarized
light it is not necessary to suppose the viorations trans-
versal till after passing the l)olariztr, and( that the lat-
ter l)rolbably inll)arts an effect e(luivaletnt to a lateral
impulse, as (due to its one-si(ld(d action upon the ray trans-
mitted, thus giving cause for vibration which are more or
less transversal ; the same being true for tindulations in
atir, water, ironi, platinumi, hly(drogen, luminiiferous etther,
etc., vitilout exception.

BLut independenit of all qIue;tionls of l)olarization we tind
powerfUl evidence ot the unity of system, for vihrations
in all possible miie(lia ; evidence w\hich, in onie case at
least, is employed as the basis of a riigorous mi.athcmi;ati-
cal (lemonstration ot the iml)ossibility of existence of per-
petual motioni. 'I his latter named evidence is the famous

+k4opy g,iiSti,s lyb S. Wv. l itllioll,

,NCE.

Pr.nciple vt llelnmholtz tegar(ling the action of natiral
forces anmong miiutually interacting material points, viz.:
that the forces miiust be central f'orces and funlctions of the
listance, and hentce nmotionis of remiote particles can only
be longitudinal with reterence to the cenitre of force
Plri cile, coonsi(lered aside fromii luiniiferouis ether,

will he mivnivr-',llva1voccpted as trtihl. lttit what is the
ciit orion 11r iotking alt e1xepT1 on t'ofa nv llolllotCus
sltIntX ial mltediow; eXve lollin iiiciosll; ti her ? Indrt'd,l

if ally cite,l ionl \xIsts [or sticft ;Ut1 exceptioll, i: Conllsists
simlly in a desit'edl convenicnt mea,ins for explaining
polarizlation : a thleory of trainsverse vibrations, which,
thougL convenient and( )rol)al)le beyond tlhepIolar;r. his
thoughtlessly an(l without need, been extend(lel to the
front of the polarizer, and to undulations in the primitive
condlitions, wlhere, as shown above, no necessity exists for
transversal vibrations. That the necessity for tranjwversal
vibrations in primitive rays of light is enitirely wanting,
let il be graanted for the sake of an argumenit th.at the
source of light, such as the sun or a gas burntr, is cipa-
ble of exciting vibrations in the adjacent miiedlitum, which
are in all possib)le (lirectiotis immerliattlv at the radiant.
At a considerable (listance from the ra(liant, the tffect
uipon a single l)article will be the resultant of actioni ot all
the plarticles immie(liately surrounding the radiant, and
transmitte(l by an)d through the intervening medium;
suilh a resultant impuls' can hardly bt a(ilttetl to be
otherwise than longitudinal. Or again, a particle near
the radiant imparts an imipuilse to the a(ljacent particle.
It tht passie lparticle is in (lire-ct linle with the active one,
ithe impo'se receivcd will be in (ditect liniie also, and the
(li ectiolI of mllotion of thle two palltidte;s coilncdt(e;s. lhe
siimilar (lirect ;action of a secoIn(d particle upon a third
will also be in the same linle, an(d so on indetinitely. At
a distanice of several hund(kred or thousand tinmes the
(liameter of the radiant the line of v-ibration indicated wiil
be almost perfectly longitudinal irrespective of where the
first particle consi(lered is situate(d about the radiant.
That is to say, a particle at the surface of a radiant
vibrating in a line of direction tangential to it or transver-
s-l, may be considered as transmitting its vibration from
particle to particle in a (lirect line, and henice to the b(st
adlvan!age; an(d still, at a distance this direct line be-
comiies nearly a line of longitudinal vibration for a remote
particle.
Thus all lines of direction of vibraticn vill paEs through

the radiant or be tangent to it, so that in sunlight tne
rays, an(d the directions of vibration, will all lie within
the visual ang:e of the sun, or within about halt a degree
ot arc, and hience almost perfectly longitudinal.

These considerationis all confirnm the principle of Helm-
holtz. And that remarkable lprinciplle, together with
all considerations l)resnte(l above, and( all which can
possibly result from a c:ireful studly of tilhe subjiet of
transnittedl iml)ulses, go to contirmna universal law of
longitudinal vibrations for l)rimlitive rays in all possible
substantial nme(lia, an(d to antagonize the notion of trans-
versal vibration.

Htnce, if light can be p3larized, whv not ull(!nllaii)ns
generally. The writer, after much studly of the subject.
t)ecame conv;ncedl of the possibili'y of this about eight
years ao, and six years ago apparatus was mlade fcr put-
ting the imattel' to an exp)erimiientil test. Want of tiniepre
Ventt(l, and(I further stu(ly (letermiine( a moditfication of
the al)ppartus which was ma(le ovtr two years ago. This
ap)aratuis wsas suiccessful in verifying all my preconceived
notionis in the matter, blt owsing to exteinld stil(ly and
ma;;tuie(l views of the principles involved, the expciinnlts
Sinplylv confirmed, without devtloping new thtcliS cr
unanticipated facts. 1 propose now to describe the ap-
par-atus and( give the results.
The meanis a(lopte(l for polarizing the un(lul uions is

the same as that f.r polarizinig light by rctlection. It is
well kniown that wheni soundtl passes irom one medium
in1to another wthose velocity of sotiuld dlitfers. thle sounid is
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SCIENCE.

refracted. Recent investigations of Henry, Tyndall and
others have indicated that when sound encounters a
change of density of medium, as when passing from clear
atmosphere into a wall of fog, there is a reflection of
sound. Altogether there seems no doubt but sound acts
like light in these respects, that is, on meeting a change
of refractive power, it is both reflected and refracted, as
light is at the surface of water or of glass. The reflect-(I
light is found to be always more or less polarized, per-
fectly so for the so-called polarizing angle. This polar-
izing angle of incidence is such that, as discovered by
l.rewster for light, the reflected and refracted compo-
nents of a single ray, as thev strike away from the point
of incidence are at right angles. As reflected light is
polarized, refltcted sound was supposed to be also.

b..--,-:
I.

.L., W1v7

kof'.:

F'IG. I.

Applying the laws of Fresnel and Brewster-ist, that
the index of refraction is equal to the ratio of the veloc-
ities of the waves in the media; atid 2d, that complete
polarization is obtained for the particular case of right
angled reflected and refracted component rays, Fve are
guided to the proper conditions. We conclude that any
two substances having different velocities of propagation
of waves may be selected For instance, two gases, like
hy(drogen and air, any two li(quids, any two solids, a solid
and a gas, or, generally, any two me(lia whatever. Con-
siderations of convenience would indicate air -)nd illum-
inaziting gas, an(d these were chosen for the present pur-
pose. The velocities of propagation in air anI( coal gas
being as 1125 an(l 1420. the inidex of refractionl, accord-
inlg to the first law aoove, is n = I'26. The second lawv
gives for the )olarizing angle of incid.ence, tangent i -

nl = I26, or i = 51i- the rays or Xwaves being in the
gas. To realize this incidence upon a surface ot separa-
tion between the gas and air, the c3ol gas vas placed in
L-shaped tubes, AB, Fig. i, h.nving a portion cut away
at the angle, as shown at CD. The branches of the L
make equal angles of SiX34'Q with the normal to CD. -A
delicate membrane was gunmmed to the tube covering
the opening at CD, also shown at F, the object of which
was to retain the gas and maintain a polarizing surface,
CD. rhe arrow at A indicates a ray which is incident
at E, and is then in part refracte(d outward at E in a di-
rection perpendicular to the reflected component EB.
Each tuf)e wvas about one inch in diameter and three
inches long. A number of these were made of tin, each
with one end( slightly larger than the other, so that they
couldI be joined up, stove-pipe fashion, to aniy desired
extvnt. Ieing cylindrical, the plane of one L-piece could
be placed at any angle with the plane of the preceding
omit, according to the (lesire(d polariziing test.

FIGs. t.
Fig. 2 sho,'vs the manner of joining the tubes, giving
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the effect of nine polarizing surfaces, like nine plates of
glass in light arranged at the polarizing angle. The nine
plates of glass can be usel in two parts-one part, 4 for
instance, serving as a polarizer and the remaining 5 as
analyzer The ends at A and B were capped with mem-
branes and the whole filled with illuminating gas. Thus
AC may serve as a polarizer and CB, or CE, or CD as
analyzer. WVhen arrange(d as in ACB or ACE all con-
spire to the same effect of polarization; but wlhen ar-
ranged as in ACLD, the plane of all the L-pieces in CD
being at right angles to that of those in AC, the effect of
one part antagonizts that due to the other, and to a
maximum degree as regards the angle. Partial effects
may be obtaine(d with intermnediate angles hbtween o& and
9o°. Again, we observe that the L-pieces o0 Fig. 2 may
be alternately crossed, so that no two contiguous ones
will be parallel. It is believed that this arraingement
wvill give the greatest possible antagonistic etfect; also
whlile all Ls are in one plane it is not necessary that they
be arraange(d in a zig-zag line, like ACt and CE, but mlay
be in(liscriminately cannected in that plane. The few
experiments ma(le with the above-namied arrangements
gave very nmarked results. Of course it need not be con-
fined to nine or any particular number of the L-pieces.

A --_ > ts

K>.-~~~~~~~~~~~~~

kIG. 3.

It was found, however, wanting in conven:ence. The
apparatus finally adopted is that showvn in Fig. 3. A dif-
ferent number of L-pieces were used at different times.
The portion AB is the polarizer and BC the analyzer.
The joint at B was kept tight with beeswax; the ends at
A and C were capped square with the same membrane
material as were the angles ot the Ls, giving, when
charged with illuminating gas, a continuous zig-zag
column from A to C. The L-pieces of the polarizer
enter half Ls at A and B, the latter having a czmmon
axis and resting in bearings at A an(d b' in the standards,
as shown. The object of this is to enable the experimen-
ter to turn the polarizer readily from cross to parallel,
etc. This convenient arrangement of the polarizer is
due to my assistant, 'Mr. Wright. Although applied to
the polarizer, it is evidently equally applhcable to the
analyzerinstea(l. The half L anglIs were not covered
with membranes, but left solid, with gradual iniside cur-
vature. \Membranes miglit have been ap)plied here with
partial polhrizing, effect. h'lhe hallf L solid angles are
sul)l)ose(l to have detracte(d in a measure from the per-
centages of polarization obtained ; but this sacrifice is
more thani compensate(d for by the greater convenience
and constancy of conditionis obtained. If this arrange-
ment gives decisive results, of course, more perfect ap-
paratus would. The illuminating gas Xwas admitted by
a nipple and rubber hose at C, the same flowing the
length of tubes and issuing in a small jet at H; my as-
sistant kept this ignited, an(d used the flame length as a
pressure indicator, and it served admirably. .
The first trials were made by blowing an organ pipe

in front of the membrane A, to agitate the gas column.

-- a
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A small mirror was attachied to the memibrane C7, refle.ft-j the next columin obtained. Thus the several columns
ing a pencil of light upon a screeni. Th'le deportment of iwere obtained, The = and( + signify that the polarizer
the image indlicated comiplex ant(I inadmissiblIe vibratory andI analyzer are in parallel or perpendicular planes re-
miovemients of gas coulumn, andI besides quantitativ-e in- spectively.
dicat ioni was found( preferable to (lutalitative ; thereupon Oni compn~leting this series of observations air wa-s
the quantitativ-e impulse andi indicator pendulums were passed into the L tubes, comnpjletelv dlisplacing the coal
adopted, as shown at A,' andi 1 respectively, Fig. 3. An gas, so that the membranes w~ere no)w susp)endIed in mlid
ivory ball, ,'4 inichi in (liameter, suspende-d b)y a thread (of air. Other-cond(itionisrenie'~ined thie samei. Theindi(icattor
8 iniches lenigthi, wts- uised at A'', antIi so pl0cid that when pr(ldulum now r'espondled to thec same fimpuilses so
itt rest t I 1w ball would( j II st touchI thW Ino iur;1 ocII at J1 Slightly ais to be bAt ely oblservld\ae, but, not me-asuralble,
'Ibemiluls \was imp u ed lhv hongi lot bill hack audit tV wetec app-1-u ,yII( talie ft r the podat i/cr InI

kagiltist thli slop.,shw 1)) IIWtoe nst"i ~spMitAiili-i inl .ll positiotlis- thi't is to s kv, whvbe atir was, upol l1iotii
thle hland, andi( t h ii ilowio ttosngI'c' t js tle sie i h tl 'tn so ltslii i WAs .ilniost nio aip.
memb11rutle, each timie with.1adjie pvdiedterut itil ate1. pt ejihle lect ion. Thii evidet vIll shotild he t1he cae," is-
So mutchi of the inipulse as reaches C kniecks the pendulum11 theC light1 Imembi an1e itseclf i-s no(v tde chiiel' Caue" o(reit10cc-
F through a certain arc, the~Same being mel"sutl id on thle tionl. Ibi-s, Cotnl). Ie with the~rezults- obtaineid with
scale 1D. TIhis pendlulunm was asmaill, hollotw gliss 1)ead, gas in the tube-s, shiows thlit a considerable reflectioni is
suspended by a silk fibre andI trainled delicately against clue to surfaces of separation of gases differing in dlen-
the miemibrane. '1 he bob carried a l)ointer for the scale siry.
D. As regards the p3larizationi, wve observe that every

In the experiments the ball would be chopped against mnean undler 11"is larger than aniv mean und(er "1+.," a
,4 somne fiv'e or ten timnes, at intervals of about teni see- fact whiichi canniot be assumed accidlental, nor explained
ondts, the correcsponding defll d-tons at /) being. nottd on any other groundit thani pj)larization. lI'o find( the per-
anil( rc corded ;thent the polarizcr wviuld he tur'nid go~' centage of this in a singrle r-esult, we havze
and( like ohscrvations niotedl. Again. o,,61 wouild he Ie /1:iI,~js
tuirned( off. etc., etc.; occasionally the ltn-thi of impululse
arc wouild be ch:ttge1d, or- niore or less I-1pieces appiedii, 6.('7 5 .83
anil( in each eas-e a large nuinler of ohlscrv,at ions made. 7c19 I

In the experiments, thie initial pulse seiieeil to be fc I-43 50
lowed by a series ot \vibiations in rapiidlIdecri asing 634 7

amplitudes ; hut it is belieVed tha thle initiall l;AiilSe iS Mecans, 'y 54
equivalent to a genuiine sound( wave, or an undulation, 6.4- - i 4.3
Evidtnce ol soundnitess of' this viewv is foundi( in thie fact Pler cent. x6O.
thazt the ve-locity of' sound cant be satisfactorily devter- 6.47
mline(I by simidarr pulses3 sent through tubes of 2_5 or 50 Whiole ntumber of observations, So.
feet lengthi. It wv:s UvidenIt thi.i the inlitidl poIse oII\.,' At this point the membranes w~ere again examined and
wvas concenrnd iti the first swhitg of p:)inttr at 1), found( to have alpprecial)!e tenision, thoughl SUppoSedl to

Obse-rvations \\ere made %%l its few as onie L in the haebenetreysakee t h egnigof the ser-
l)3l~iizer, ndtw in th analzer. Bt theresult were ies of observations just ci:ed. It seemiedI that the damip-
small averging bout per ent. ut d rin the niotiritr nsin thie gumi used, exp)anded the membranes so thitofial avindigidna results4 ofr obsrntioB th numbern they became tigyht after thoroughly drying as the experi-

Ls in. the p)olariztr rangred from I to 3 anld in the analyz'_r mients wvent oni. It was thereupon determiinedI to slacken
to3.'he averaelofaloIhs 5 bevtos them with the utmiost possible cire, and continue the oh-
gave ~)ecentge of8.87hundedth c f uencing f sevations T1he following table of individual results w"as

the polarized beam. That is to s:iy, %%here the analyzer Itheni obtained in the maniner explained above, the miein-
in light, enitirely qlueniches the polarized beam inl turin-i bae en cntnl athdfretiesakes
through go", in the aboV'e 435 exp)eriments onily 8.8 1PLARIZATRrox CONTINUED.
hiundreths of the polarizedi ray was qutenchedl.

But as a higher percentage was lockedI for, the inistru-ColasituearU\rotidofub.
ment itself was now examined for posvible faults. Th'le Plrzrhaving,- 4 Ls and A\nalyztr s Ls.
memibranles were all tfLund undler considtrable tenision. m.uliz41/u.z/resiuls.
whiereas, of course, they, shouldI be p)erfectly free horni it + - + - + 0+ = + +. +
Alter complletely slackening, theni, as was supposed. the 1.i . . . . . . . . . . .

experiments conti~~~nue 1
h 1)tVt1I

1.0 2.1 1.2 1.5 1.0 1.4 1.t 1.3 1 2 1.5 1.0 211.2
1.5 1.0 2.0 1.0 1.,j lo. 1J) 1.2 1.7 1.2 1.3 1.0 2.0 1.0

Co.l ( .i in I -tiles .intl A\ii ouNidle.

Polutizer hiaving 4 Ls and An\nlzer 5 Ls.

6.0
6.o
6.o

.-7
5.8

8.o

7.0

7.5

7.0

7.2

6.5

7.0

7.0

5.0

5.3

5.0
.5.2
5.0
4.9
4.0

6.36).5
6.2

6.6

6.8

6.2
6.3

5.6

:.7
60o
5.

1.3

Mleans 6.07 .5 83 7.19 5.01 6.43 5.50

6.2
6.o

O.5
6.4

6.3
6.3
0.2

6. ;

6.3

6.30

6.o

_.22
.42

2

6.o
6.2
7.2
6,.2
6.i
6. i
6. i
6.;
6.8
6.4
6.34

In this series each value given in any colum-n is theI
number of divisionis on the scale D. Fig-. 3, Of the deflec-

tion of the indicator pendulum bob. After obtaining one

column of results the polarizer, AB, was turned 900, and

1.0 .1.0 t). I.J, 1.0 1.01 l 1.- 17 1.-2 1.-5 1.o 20' 02)

w,t 02t) i,; 1.0 1.6 1.0 1.3 1,0.1. o9
1.3 1. 1.1 1 7 1.0

I.% 1.7
Mleans 1.44 1.00 2.cO 1.01 1.45 1.01VI71 1.07 1.(07 1.19 1.50 1.00 2.Cj 1.01

Polarizer turned 90' immediately following eachi col-
umn of -results.

For g-as displaced by air, other conditions the same;
deflection, o.oo.

'V he smiallniess of these results, compared with thcse of
the previous series, may be explained on the grounld of
extreme andI entire slackness of the membranes; also the
slackness is still furthier evincedI by the fact that. wvhen air
dJisplacted the gas no dleflection of the indicator Tpendulum
was observable in response to the impulses. Tense miem-
branes would have turned the sound wvaves some%% hat,
andI in the manner of the rebound of a drumstick fromi its
drumhead.
To obtain the percentage of polarization effect, we

have:
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6.o
6.0
6.2!

6.1)
6. i
6.2
6.o
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Afea,oJ the aboveseres.

1.44 IX0
2.00 1.01
1.45 1.00
1.71 1.07
I.67 1. 19
1.5') 1.00
2.00 1.01

Means, i.68 1.0
1.68- 104

Per cent. -- = 38.1.
I.68

Thus with the apparatus working most perfectly, the
analyzer succeeded in extinguishing or quenching 38 per
cent. of the polarized wave, a percentage tco great to be
mistaken. Consklerng the analyzer and pelarizer as
equlallytfficitnt, the real etrcentage of pclarization by
polariz.er wouldb)- 6z pt rcent., aind( of the analyzer 62
per cent., as is tvitentfrc ni the factthat 62 per cent. of
62 per cent, is 38rer cent.l'hus,eitherl)art of the
apparatus oblittrates over lalf of the wave attempting
transmssior, a fruction which would be unmistakably
visible inpolatizetd light.

'litseresults establish the following facts for sound
waves or fcr undulations, viz.:

ist. A (leci(le(l reflection cccurs at a surface separating
two gases of (Ifferent(density. confirming the views of
Henry an(dTryndall in this regard.

2d. In repeate(l reflection from such surfaces the inten-
sitv()f the final component varies 'Aith therelative posi-
tions 4it those surfaces, the same following the laws of
polarization in liglht, from which we corclude that longi-
tu(dinal undulations can be polarized.

\Vith sound I)olarize(l, wve conlj)lete the list of effects
for longitudinal undulations wlhich are known to light,
viz.: ra(liation, shadows, reflection, refractioni, diffusion,
diffraction, interference and polarization; for the laws are
common for like conditions, viz.: for intensity of radiation
in am)ient space,-[7'in paral-el space, -a.; in prismatic

sp-ace, like a tube,- ; for shadows, reflection, refrac-

tion an(d interference as well known; for diffusion, as
wsheni a steam whistle is sounded, filling the air with its
resoun(ding ring; for diffractioni, as sound waves diverg-
ing rapidly altter passing a narroCw space between build-
ings, like light ini passing a narrow slit an(d divmrgingr
and,tinally, for polarization, as above. In studying thtse
comp):irisois we should recollect the vast dliftererce be-
tweein the properties of undulations in heavy, and
ethereal nm.tdia. Thus thewave length is very great and
the vlo:ity of propaga ion very small in sound as c m-
pared with light. This se-ms sufficient to account for
the grcater d&finition of shadows in light; but wvhen a
slit or an obstacle is mad- as narrow for light as for
soundI, in coniparison to wave length, the dliffraction
divcrgtnce is probably about al ke; that is, the diverg-
ence at a linear slit in light, or between two buildings in
sound; or agrain the shadow of a silk fibre in light and
a souIId shadow of Bunker Hill imonument, for instance,
are ail)out alike considerirg wave length. With these
considerations it may be reasanable to expect incomplete
or only partial polarization with such apparatus as em-
Ploved( above.

'T'he coniclusionis to which we are conducted by the
foregoincr may be summed up as follows:

Ist. 'That vibrations in extentded media, produced
fromii the action of a remiiote single centre of disturbance,
cani only be longitudinal, even in light.

ad. That vibrations w ill be to some extent transver-
sal when due to two or more centres of disturbance not
in the same line, as when two or more independent co-
existent systems of undulations combine into one, or
when a si'mple system is modified by such lateral dis-
turbance as a reflection or a refraction.
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3d. That undulations, to be in a condition called
polarized,probably consist of vibrations which are trans-
versal, and that no necessity exists for assuming vibra-
tions transversal in front of a polarizer.
NOTv.-As regards lorgitudinal, oblique,transversal,

etc., in the foregoing, the estimate is to be taken by com-
paring thedirection of the line of vibration of a particle
with that of propagation of the wave.
My acknowledgements are due to MIr. Clarence H.

Wright, who, whi'e a student in m)y physical laboratory
last Spring, rendered valuable aid in the experimental
work.

ASTrRONOMY.
Com1rr (a) 1831i-swiF.

The question of the best method of transmitting tele-
graphic announicemenits of astronomical (liscoveries has
just been discussedlby the leading Eurcpeansccieties,
and a system has been (levised by which tO is informaticn
may be comprist(e in a message cf sixteen words.
Thiniking thatl)erhaps a better way existedcf doing the
same work, the Boston Scientific Focitty has adapted a
teltgraphic code to the needs of the occasion, andthis
sYstem has jtust received a practic-ll test. The announce-
ments lie within the province cf the Smithsonian Institu-
tion, an(d it was accor(lingly(lecided to transmit by cable
the elements and ep,himeri;. 'These here given were
comipiute(l at Duin Echt Observatuty, in Scotlard, b)y Drs.
Copeland and Lohse, and have been (listributed i'n this
country to astroromers by special circulars of thelBos-
ton Scientific Socitty. That set wxhich was computed
ait Boston, for the So)ciety, byNIr. S. C. Chanldler, Jr., has
alreadly been cabled to Europe, antd distributed bymail,
from the Observatory of Lord Crawford, to astronomers
in Englandl and the Continent.
The cablegram received at Bloston consisted of sixteen

words, and the translaition is here appended. According
to the samile code, the aninouncenient of discover) could
be comprised in a message of seven words, which would
itself contain check words against p)ossible errcr in
transmission.
The elements and ephemeris computed at Dun Echt,

on IMonday, Mlay 9, were transmitted by cable to Boston
in the following message: "Decimiiosexto erective con-
textual bewitchery anticly demonstrative courageously
sl)utter arithiimancz stonvachical awuiferous suety bayou
synecdochically bissextle emininitlv." The translation
of this message is as follows, Viz:

ELEMEN1rS OF SIFi'SCOE' , 1881 (,).
l1er. Passage, i88i, M1ay 2o.67, Greenwich Mlean Time.I~~~~~~~~~O ,

Ltng. Perih-lion,
Long. Node,
t = .. -H.
Inclination,
Log. q = 9.7674.
IMotion (lirect.

300 -2'

154 84 - Eq. M88i.o.
78 48J
= 5854.
F.I'llEMFERIS.

Greenwich, nmi(dnight. -.-.K. DECL.-- Brightness.
h. }}Z. s. *

May IO, 0 38 32 +26 46 .69
14, 56 48 21 35
I8, I 27 32 15 54
22, 40 48 9 55 2.3

Computed by Dr. R. Copel3nd and J. G. Lohse, from
observations made at Dun Echt Observatory. The light
at discow ry is taken as unity.
By means of control-words in the message, it is ab-

solutely. knowvn that the elements are those computed
yesterday in Scotland, and it is proposed to cable in the
same way the first elements and ephemerides of future
comets, obtainable at either terminus, until the ccde has
been most thoroughly tested. J. Rir(HnE, JR.


