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(STTHESUI'I<RFICIAL VISCIDITY O F  LIQUIDS. I the resistance is increased by a capillary action exercised 
'I'ranslated for " SCIENCEfro111 the French of J. Platrau," 

BY T H E  ~ \ I A K C H I O N E S SCLARAL.~KzA.  
In the year 1638 nescartes affirmed that the surface 

of water presented a resisting tendency as though ;t  
were covered with a thin pellcle. Several other learnk,tI 
men have asserted tile same fact and sought to verifJ. i r  
by various experiments. limited their researchcs 
to water alone ; others maintained that the tests w ,  re 
applicable to all liquitls. In my orvn observations I haye 
described experiments and facts which, in Iny opinion, at  / 
once remove all doubt as  to the reality of a I-e. 
sistlng force manifested by the surface of ,,vater, 
solut~ons,  etc., and I have a t t r~buted  this resistaycc 
to a characteristic viscidity or glutinous matter pertain- ,
ing exclusively to the outer coating of these liquids. 
Neverrheless, I have demonstratetl that certain 
fluids are totally exempt from this peculiarity, anti I hcipe 
I have fully established the fact, heretofore, that 
~e1:eral among them, such as alcohol, spirits of turpentine, 
sulphutic ether, etc., the invis~ble particles of the outer 
layer offer, on the contrary, less resistance in regard to 
relative displacement than those ~ l i t h in  the mass. 

Permit me to recall the facts of rvhich Iny principal 
periments consist. A magnetized needle is Placed a 
pivot in the centre of a glass cylintler; the liqllltl to  be 
tested is then poured into the \~essel-just enough to 
come in contact with the needle; the latter is then turned 
to a meridian of about go", then in a few lnoments is  le t t  
to itself, and the time it takes to  travel over a 
determined angle must  be correctly ascertained, 
my experiments the angle was 85'. hlore liquitl [nust 
then be introduced into the cylinder so that the needle is 
completely covered, the liquid rising at  least two-thirds 
of an inch above it. ~h~ needle is then again turned to 
a meridian of go7, and one Inust remark the time taken 
to describe the preceding angle. s o w ,  for 
when the liquid is dis!illed water, my needle took prE-
,-isely twice as long when upon the surface as when be- 
neath it, notwithstanding that in the first case the under 
surface of the neetile alone came in contact with the 
water, while in the latter it was completely Immersed. 
w h e n  the liqllid employed was alcohol or turpentine the 
time required by the needle, when upon the surLace, Lvas 
less by half than when beneath it. 

1 must add that in those liquids on whose surface the 
magnet moves more slobvly than when beneath it, tntire 
outer coat~ngmoves  also, although somewhat less rapidly. 

TxYO liquids, one a solution of albumen and the other 
of a saponaceorls consistency, have exhibited superficlai 
vlscld,ty in an extremely forcible manner.  ~f~~~ havinr 
moved with the utmost slolvness, the 
an  angle of 35: on the  surface of the former. I t  did not 
move a t  all upon the latter liquid. 

I omit purposely the various details to ,hose 
experiments,as \veil as other facts belonging to the  sub-
ject in question. I shall mention them fur ther  on as the 
reasons present themselves, at [his con-
fine myself to the special object of these tha t  Is  
to say, the cause and nature of these phenomena. 

l n  a notice in 51 ~~~~~i expressed 
doubt in regard to the superficial visciityof liquid mat-
t e r ~ .  H~ presulnes that  the effects I ml-self have / 
served a le  due to some alttration in outer  surface , 

chused by the contact of the liquid with ,he air, or elie 1by particles of dust floating about. 
1 ~ 7 2  31. 51arangoni published a pape r ,  i 

which he seeks to prove that the v l s c i ~ l t y  upon the 
portion of the liquid is identical with that ,v11ic5 is 
beneath the surface. ~ ~ ~ ~ , . , j i ~ ~to hirn, in such 1 
as water, for instance, which does nor produce buDblt.s, 

l i l i c u n e  sjerienze conridernzioni intorno ail' adesione t r a  soiirii e 1 
Ziguidi. Turin, 1870. I 

2 S u i  $rinc+io rielka ~ ~ i ~ c o ~ 2 . f ' ~  ~uperficiilie dei  iiqzririi stabz.iiio d a i  
Signor J. Piafeau. i 

11) the glass upon the needle ; while, when liquids which 
1)uhhle rasii!. are used, the resistance springs from a thin 
('~!ticle111 mating of a nature pecultar to  the liquid itself. 

I repli :! to both these articles" but XI. Llarangoni 
attacked me ,+gain last year4. In his second work he  
~ub":tutes, ,or some unknown reason, $ Q Y ~ z ' c ~ ' ~ . T  dti-fof 

fbr thr  word cuticle. \ i7hen speaking of the sapona- 
"01.1s :.elution, he states that the carbonic acid in the air 
decompo;es the soap and produces an alkaline carbonate 
u.i'icii .-cmo;'es the fatty acids ant1 forms a kind of emul- 
5ion upon t!le surface. As  to the solutions of albumen 
he ~h111ks piobably that the coating of dust is produced 

t h e  <raporation of the water. 
He does not positively deny that the surface of liquids 

cannot ]lossess a visciditJr of its own apart from that 
which is in the mass ; but he is persuaded that  the influ- 
ence of the viscidity peculiar to the surface is vcry small 
il:'leec! whe i~  compared with that which effects the final 
:iadlts. The  follo\ving is the substance of his theory : 

bve all know that if  we place upon any liquid a drop 
of anmher IJcssessing less esternal elasticity, the drop 
will spread itself in a thin coating upon the surface of 
the formfr.  Consequently, tvhen a liquid is covered with 
a layer of dirt. we may reasonably aclmit that this layer 
possesses an elastic torce much inferior to that  which 
belongs 10 the pure, fresh surface of the underlying 
liquid. Now proper experiments show us, first of all, 
that the tension of this coating is effectively much less 
forcible than that of the liquid brneath ; secondly, that if 
the coating becomes sufficiently thick, the elast~city tlis- 
appears entitell', or very nearly ; thirdly, that in any 
SaPonaceous solution the film can be accumulated upon 
certain portions ot the surface and removed upon others. 

byhe" a bubble is blo\vn from one of these liquids the 
laler of d ~ r t  extends in both sides of it and thus prevents 

b~eaking.  Liquids such as  alcohol, ether, turpentine, 
etc., Cannot, owing to the s l~gh t  eldstic force they pos- 
s e s ,  be covered with a coating of dirt, and for this rea- 
Son are to produce bubbles. 

'The retarded movement of the needle upon the surface 
of the liquid does not a r ~ s e  from any viscitlity of the outer 
layer, for, in the saponaceous soiutlon at  least, t h ~ s  coating 
is very movab:e, a s  the two following faccs \v:il shotv : 

In the first place, when a large soap bubble is blolvn, 
reflecting various colors, the skightest breath of air \v111 
cause it ro whirl rapidly backwards and forxvards. In the 
5eco.nd place, i f  a certain amount of soa,~-suds be put into 
a horizontal brass tube sufic~ently large for the purpose, 
and a magnet be placeti Inside upona pivot, directed toward 
the magnetic mer~dian,  and then l t f t  to oscillate at  will, 
you will perctive that the vibrations are very nearly as  
rapid as  when the magnet moves ireel)- in the air, not-
w~ths t and~ngthe fact ttiat it has to [.\-crcurue the resistance 
offereti by the two outer coatlngs oi the licju~d. 

IVhtn a coating of dirt exists, the soi~.e\vhat retarded 
motion of the ~rlagnet upon the surface, together with the 
rotating r~lorenlent of the entire inass, can be explainedin 
the following manner:  T h e  magnet itselt tends to re-
move the tliri which is beh~nd  i t  and accuinulate it all in 
f t -~ l l t; this produces a n  excess of elasticity along the 
posterior contour, dlrecrly oppostd to the natural motion, 
and at  the same time a diminutive expansive force along 
the anterior contour. Furthermore, behind each half of 
the magnet. the superfluity of expans~vr force on the fresh 
surface drarxs together the edges of that portion which is 
already freed from dirt as though to close the rent, and, 
a t  the same time, as  in each of the anterior parts, the por- 
tions far removed from theedge of the magnet possess 
a weaker expansive force than those nearer to i t ;  the 
former attract the lattct- and thus determine the rotation 
of the en t~ re  mass. 

R e 2 o ~ s ~n z x  ol/eriions de M. i l i ' n m n p n i  rontre ie jrincz$e d e  ia 
v i ~ ~ o s i f $  cfes i vu ides .  ~ @ e r j i ~ i f l f e  
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if the outer layer of the liquid shoulri resist the move- I facility for the formation of bubbles, o r a s  theauthor calls 
ment of the magnet froln any viscosity of its ovcin, it would , it, the p~mpholygenic power, should decrease with the 
pucker perientihly ; moreover, viscous bodies propagate , superficial elasticity. Now M.Marangoni is led to the 
motion with difficulty from any distauce. conclusion that all causes which tend to diminish this 

T h e  coating of dirt iillitates closely an elastic body, in- I elasticitv without removing thc dirt, render the develop- 
asrnuch as  it trritls to rrturn to its primitive state when I ment of bubbles much easier. Further on, lie returns to 
br olien ; ho\vevei-, it sul~stifiltes, in place of supei ticial this proposition and says that "all those conditions which 
vsiccsity, sz~pi9rjcinl elnsficity. 1 diminish this elasticity to the adrantaye of the plasticity 

In regarc! to those liquicli of strong expansive force : increase the pornpholygenic lorce." If we examine 
which do not proiiuce bubbles, such as water, the closely his ideas, \ve can understand that an increase of 
greater p ~ t i o n  of briny solotioiis, etc., liquids ripon {ahore ( plasticity Iarors considerably the generation of bubbles : 
surface a layer of dirt cannot easily be attested, the re- 
tarded movement of the magnet upon the e ~ t e r i o r  is 
hardly due to the changes which occur in the ca:+ties of 
the ~neniscus, terminating the magnet a t  each end, parilg 
also, to the beginliing of a laver of dirt, Tcl. IIagen having- 
discovered that the surface of mater undergoes modifica- 
ti'3ns by exposing the liquid to the air. But the principal 
cause m?y r c a s o n a h l ~  be saiil to he the fact which AT. 
Van der hlengsburgghe has so ~vel l  described, namrljl, 
that \vben the surface of any liquid is augmented, or, in 
other w o r d ,  \vhen any riiffusion of the pureexterior takes 
place, a sutld:n cooling, follo\\~ed by an  il?creased tension, 
ensues, and, reciprocally, a warmth and decrease of 
tension correspond to any din~iilut;on or cqntraction of 
the surface. 

This tht-n is the main substance of the tilt-ory pro- 
posed by M. Marangoni in co:~;l)ensation for inine. Lr t  
us endeavor to examine it. First seem,of all, it \~~; iu ld  
according to his doctrine, that it is merely necessary to 
adti to any liquitl of strong expansive force which 
does not bubble, a drop of another 1iqu;d of weak tension 
in order to produce large bubhlcs from the former. KO\\, 
if a tlrrp of olive oil or spirits of turpentine be placed 
upon distilled watcl-, the liquid will rebel strongly aga;nst 
the formation of bubble?. Sl~ould the water he covered 
with a thin coating of either of the above mentioned 
liquids, you will find that it bursts in t h e l ~ o w l  of the pipe 
helore you have eye11 commencsd to blo\v the I~uhble.  
\Ye must admit therc.fore, in the first place, that  the sup- 
posed coating of dirt must hare  close connection with the 
liquid beneath it. The  author aiso assigns an additional' 
and indispensible cause for the  production of bubbles 
which he describes as  ciirstz'ciI~~, inthe sz~,6e~Jicii~Z or 
other wortls, the facility \rith \vhich the dirt spreatls itself 
over the liquid, so that the latter is always covered. No- . 
thing however, goes to sholv us that a thin coating of 
olive oil or turpentine does not possess the same eiastic~ty. 

?'he author, in fact, describes tn.0 circurnstances in  
which foreign substances produce a coating upon clistill~cl I 
water which is more or less effectual. First of all, if the 
pollen of flowers is spread upon the surFace and air hlo\vn I 
from above within an  hour or two, the little aperiures 
for~ned will remain for a long t ime; but the l~quid  refuses I 
to form bubbles when blo\vn from a pipe or tuhe. I11 I 
the second place, they can be  produced, nevertheless, by 
means of pure distilled water, if tile tube is partially filled 1 
with small particles of camphor. T h e  diameter of these (
bubbles may reach an  inch and more. But we can read- , 
ily see that these facts are only tile beginning of success. ; 
However, they are in no \vise opposetl to the theory of 1 
superficial viscidity, since in both cases the outer layer of I 
the water undergoes ~nodifications. 

According to the author, the superficial elasticity is es- 
timated by the difference .rvhich exists between the ten- 1 
sion of the pure surface and that of thei'irty suriace, and )
he determines this by Ineans of a small apparatus which 
he calls a cnpz'ldnry balance. In his opinion, as  we have 
already seen, \\,lien a bubble is blown the coating of dirt 
prevents its being brolien. In !]is staLement he gives no 1 

reason for this but in a preceding work he explains him- 
self clearly on this point. H e  says that if the coating of 
dirt shoulcl become disunited, the excess of tension upon 
the under layer, or in other words, the superficial elas- 
ticity, \von!d instantly close the aperl.ure, Hence the  1 

hut hon. is it possible that a clin~inution of elasticity can 
lead to the same result? 

rigidity of the surface of the former ; indeed there are two 
totally different liquids in question; nevertheless, the 
author's statement seems to apply equally to both in 
this case. 

Ill order to show that the layer of dirt can be accrrmu-
lated upon one portion of the surface of a liquid and 
climi~~isheclupon another, M.Marangoni describes the 
the following curious experiment. 

H e  plunges, into a soapy solution, a ring made of iron 
wire about seven and a half inches in diameter and fas- 
tened to the end of a fork ivhich servei as  a handle ; 
~ v h e n  the ring is immersed he draws it out again, holding 
it in a horizontal position ; he then raises it until the cate- 
noitl \17ave, which unites it to  the surface of the liquid, 
separates into t\vo portions, o r ~ e  of which forms an  even 
layer within the ring, while the other produces a spherical 
cavity upon the liquid ; now, if tile temperature is low 
enough (from 12 to 14 degrees), this cavity is very 1101- 
low, the radius of the base measuring 48 vzt'llzi?zetres, 
I\-hile the heiyht is only 2 7 .  >I. RIarangoni began this 
experiment four times, always breaking the cavity before 
again immersing the ring, and by this means he obtained 
the maximum of depression in which the depth was ex-
actly half of the radius of the base. While the ring is 
being raised the circumference, in accordance with which 
the catenoid lamina unites with the surface of the liquid, 
contiacts, and as  1CI. Marangoni affirms, condenses the  
coatlng of dirt on the interior and ililates it on the ex-
terior. Hence, mben the cavity is once formed a dirninu- 
tlon of tension takes place in the space limited by its 
base, and ail increase of tension occurs on the outside ; 
this excess of tension colsequently aids the basis of the  
cavity to enlarge, and results iri the deplh being 
diminished. 

i lccordii~g to my theory, the superficial layer of the 
liquid contracts, a s  ab3ve stated, on the interior of the 
opening, and dilates on the exterior; but its consistency 
does not undergo any modification. T h e  portion which 
contracts forces a part of its molecules into the mass 
beneath, and the dilated portions attract these atoms. 
Now, according to M. Van d r r  Mensbrugghe's theory 
v<hich I have mentioned already, these effects cannot be  
produced unless a diminution of tension takes place 
thin the contracted portion and a n  augmentation of the  

same in the d~laterl part. This phenomenon, however, 
can only occur in a very low temperature, and when, in 
consecjuence, the cavities manifest a certain viscidity. 
When the temperature is notably higher the cavities are  
smaller and their depression less. At  26 degrees hardly 
any effect is visible. T h e  radius of the base a t  this tem- 
perature was z.3 viiNt?indl-ci, and the height 2 0 ;  but 
have shown that all cavities i o r m d  upon the surface of 

I 
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licjuids are never complete hemispheres. 1\4. hlara.iigoni 
thinlrs it probable, as  I have said beforc, that  the  coating 
of dirt on the saporlaceous solution is clue to the action of 
carbonic acid contained in the  air. 

I liave ascertain-d that  car l~onic  at;itl ac t~ ia l iy  t lcco~n- 
poses the  solution inasinuch as it removes all tatty 
acitls ; but does the i'orinatioii of the  layer r e ~ l l y  arise 
from this c a u s e ?  In  ortler to  tliscover this the  follo.,i.i~ig i 
experi~nent  has been ~ n a t i e  : I 
-1certain anlount o i  a conczntrateti solutioii of caustic 

potash n7as placetl rditlii~i a bottlr holdi i~q alniost a ' 
quart ,  then,  after tigli!.ly corking the  l i i rcr  it Ivas ~:iolerlrl~: ' 
slialten so  thnt t l i i  licjuitl s\\,ept over eve!.? y r t  ot the  in- 
terior. ' I h e  gieater  portion of ).he 11tlu1d w a s  thcn 
l~oure t l  out  ant1 t h e  bottle instantly re-corked. I n  tlie 
meannli i le  a i i~i inel  provitled witli a plug was  procureti 
and  tile interior of its necli ~nois tened  with the  solution 
of potash ; it was then pl:~ced ill tiie neck of the bottle / 
anci wax applied a t  tile j~!nctio:i. T h i s  done,  a!most  1 
300 c ~ m ? ~ ~ i i G . sa solutioli of 3larseilles soap pre- /of 
viously rei~tlereil clear by nieans of filtration vvas poured 1 
into tlie funnel anti lef'c there for one hour. .1t tiie end 
o i  tha t  time tlie - a s  ivas rcmovei! and  the f u n ~ ~ e l  'grailu-
ally lifted, the plug being opeiietl simultaneoi;s!y, a n d ,  
a s  tlie liquid f lo\~i-d into the  11oitle the  funnel  coiitiniird 
to  he slowly raisetl until the  extremity of the 1:e:k xvas 
about  on a line with the  top of the  bottle ; the latter xvas 
the11 r a ~ i i l l y  corl;etl, sonle of tile licjuitl reru;ii~ling in tile 
funnel, 

The  p o ~ a s i i  :iecess?rily absorbetl the s~nii l l  cjiiaiitity of 
carbonic acid conta i~ ied  i ~ i  tlie bottle, anti at  the moment / 
when the  funnel n7as  reiiiovctl no estel-ior volume of air 
cou1tI possibly ,+ne t ra te  \v i r l~ i !~  ~11e 110,tIe heca,use the  I 
stream of licjuitl flo\\-ing in nnust have rx~~el lec l  'niucli more 
air thzn  could ;~ossihly have found ~ t s  ~v?!. in to  r i -  
place the  i~ecl; o i  the  f u l l n ~ l .  Fi!l:,lly, a s  rr,ercJy a portion 
of the licluitl esc?petl into the bott l r ,  and  tha t  at a tlisiai~ce 
far above the free surface. ~t co~il t l  aljsorb nothing Irc>m 
the s ~ ~ p e r t i c i a l  layer. K o ~ r ,wiih rliis licjiiicl merely uniteti 
\vitli air tleprired of cariionic acid, tran:;ver.se w;rvcs of a 
\-ery persistent character  were easily tl-velopLtl ( t h e  Ilsttle 

-- -- . .- - - - . .  . - ~ - ~ - ~  
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tions the s u b s t a ~ i c e  tlirisolvetl rises abundalltly to the  
surface? Is  it not ~riilch easier to a d ~ n i t ,  a s  I do, tha t  
t h e  superficial coating of l~cjuitls forins itself s p o n t a -
neously into a particular condition, which I-esults in a 
gri.ater 01. less difficulty in regarc! to tlie relative dis- 
placerneiit of the  mol tcu l t s  than coulti occur in the inte- 
rlor of tlie iliass 1 Does not tlie fact that  tension exists 
suEice to sho\v tha t  this coating posses:;es a n  especial 
cli;ir,!ctei- i i ~  reference to t h e  actiou of m o i e ~ u l e s  ? 

'l'lie euperirnent wiiich origi~iatetl L)upr&'s singular 
idea meiitio~ierl above, is based upon the  fact tha t  t h e  
11~1glitof licluitl precipitated from a cer-- '  a. iiue streatn of 
tain tlisiance niusr he consitlernl~ly tliminisheti bl- tiic 
t e ~ ~ r i i o ~ i its surface, ant1 Uuprii, thercforc, conclutles of 
that  in a little stienlll of soap-sutls the  tension is sensibly 
identical \vith that oi piire water, while we all li~iov\- tha t  
when a solution of so,rp is in a s tate of repose i ~ s  tension 
does not  al~proacli  tha t  of water  by two-thirds.  Uuprii 
concludes that  in the stream of saponaceous solution, 
\?here l,lie surface is constantly rene~ved ,  tlie soap itself 
li-is i:o oppo~tuii i ty of coming to t h e  outsitle. But  in 
mi. theory---a remarkable fact \zliicli I have myself con-
fil-ned by an entirely cliiierent process ivhici? it is useiiss 
to r t i e r  to here-l~rovcs tha t  tlie s:i~~eriiciaIcoating of 
liquids recluires a certaiii amount  of time, h , > i ~ e \  e r  short .  
t o  zcsul-i?e its proper a to~nica l  coiitliiio~l. 

" Ijut," says i\I. I\lr,railgoni, "tile superficial coztiiig 
of the saponaceous soliition has  no t-straoi-iiiuary visci- 
d i t y ;  on the  contl-ary, it is vr1.y s~ isce l~! i l~ le  of motion." 
I acknowIec!ge that  it tloes in fact  jiosscis great  mobility, 
which proceetls froni 1.he extteme thinness of its consist- 

.\lso, it is c a p a i ~ l e  in itstlt cf malting hut slight:%$ante t o \ v a ~ l q  tile ~ n o v e ~ i e ~ i t s 111e in; lg~~etizet i  of  
nettlle. Still, a s  iL  acllleres in i , s  fullest cnpacity to the  
ul?c!erl>ii~pliqiiiil, ant1 sho~il t l  therefore at tract  ;icertain 
::mounL of llic l:ittt? as ~t rotates, a greater  part  of the  
I-esistance riiust ~iecc.ss,~rily be iilie to tliis iaci. hIore-
over, n-e obscrje,  not1iui~- ;:oes to sho\v us t h a t  the  su- 
per-ficial layer, al t l iougi~ very n ~ c ~ b i l e ,  is less s ?  ihan tlie 
uiitleriyi~ig liquitl it' hot11 :I:.< of zm cclual consistency. 
'\17e can reasoiiai~ly atlmit this a f~ t . r  a n  esreriiiient wit11 

nit1ii.1 the iicjuitl. liicleed, 
coultl evitleiitlv not have occurrrtl had  the liquiil l>yen ' a!; the n u n i i ~ e r  of oscil!aiio!is ~:rrforinetl by 21. nlarail-
without  a n  efficie~it coating, I t  is c~uiteimpossil)le, thei-r- I goni's ~ e - d l e  \\.!:en i l i  ihc. I ci:~id zinc1 wli tn remove:? fi-om 
fore, for n le to  accept h1. ;\lara~igoni's espla~iat ion.  EL- lt wcre res1)ectivtly :~i.\.? to SIX, t h e  govern i~ ig  powers of 
sides, the  effectual coating upon t h e  sapoliaceous s o l r ~ t ~ o n  the needle in these t ~ v o  i :ontl i~io~~s 

~neasuret l  tlii-ee a ~ i t l  a quarter  inches in tliameter), ~vliich t h e  magnelized ~ i te t l l e  l ~ l ; ~ c e t l  

a re  in proportion to  
does not  arise from tile e\~aporacion of \vater;  for a fatt!- the  square of t h e  a l ~ o v e  iiumhers, as, foi- ins:ance, thirty- 
liquid like soap-suds, for instance, \vliicii i~iot luces ; i ~ u } ~ -  six to  t\venl.y-jive, or about  three to two.  T h e  I -es i s tanc~ 
b le i  in consecjue~~ce rloes not  cva;,or- of ibis ronsiite;ic!-, 
a te  a t  all, but, on  tile contrar!;, a t t racts  the  tiaini:ness in I 
the  air. i n  order to  assure myself that  tile eRcctuai coat- 
ing of the sapoliriceolus sulution cloes not  procretl froln the  
evaporation of Ivater a s  11. hlai.a~igoni thinl;s it tloes, I I 

added two parts  of Pricr 's  gl!-cerine to  three parts  of' the  / 
solution, a l ~ o u t  the proportions generally used to plotlace 
a lic~uicl gl>-ctrine, anti t h e  two substances were tl-ioro~~glily 
~ n i s e d  rogetlier. T h i s  compountl, in coiisecjuence of t h e  
glycerine, should absorb moisture instead of losing it : 
no\\, I I ~means of a pipe it ~ ~ r o d u c e d  a t  least t\vo b u l ~ l ~ l e s  
inches and  a half in diameter. I then increast-cl the  
quantity of glycerine, so  that  the  two substances \\-ere 
about  equally divideti, ant1 even then 1,ubhles t\vo inches 
in diameter were obtained. T h u s ,  t h e  effectual co ;~ t ing  1 
of the solution is not  due  to  the  loss of Ivater by evapora- 

of the  liquid robs tile ireetlie o i  ne-i1-1!; one-tliircl of its 
goverliilig f o r c e ;  only a s  we require a>ilicll pa l t  the  tivo 
superficial coatings plal- in this resistance, nothing pre- 
vents us from a i t r ~ b u t i ~ l g  one of them. it to tile pri:lcipal 

Final!:i, the  re i s ta ; lce  ill regartl to tlie displaciug of 
~l iolecul-s  cariilot be tlenied a s  far  a s  thc  sureriiclal layer 
of sapoliaceous so lu t~ons  is concerned, cons:quently w e  
siloultl admit  this fact, al though in a much less degree, 
in refel-ence to  solutions of s o s p  itself. 111 one 01 my 
pal:ers, ailtl also in 11:iia~raph t n o  huntiretl and seventy- 
eight 01 lily book, 1 h3ve tiescribetl a certain 1iuml7er of 
fac t s  ~ ~ h i c l l  rigidity existing in the  effectual 111-ove tile 
elevating of the sapoilaceous sclution. I will confine my-  
self to one of them a s  follo\vs : 
-1bubble ;!bout an inch anti a half in tliarnerei- is blon-n 

ancl place1 upon the surface of tlie liclu:tl ; ni;\v, holtling 
tion. ; the  ~ u o u t h  of the  pip: in close contact with the  hemisphere 

As to the solution of alhurnen, inasiilucli a s  its ]jrcl,el.- ' illto \\>hich t h r  bubble is transfi~imecl, 1-ou hIo\\- gently, in- 
ties a re  analagous ivitll tliose of tlle soapy solution, a]- crensiiigits slimensions i1nt11 it 11ursts. T h e  spray imme- 
though less pronounced, I considereti it useless to ~ i i a k e  diatrll- spre:ids itself upon the  liquiti in szvrral parts ,  each, 
the same experiments in reference to it. ' hon~ever,  l ~ e i n g  zepal-ated from the surface 11)- a small 

Now, if t h e  cause ~vhicl i  origiuates t h e  foriliation of cjulntity of alr, a n d  gratlually disapl~:ar.; a s  though 
the effectual coating upon t h e  saponaceous solution is , sinl;ing into tlie mass,  the  ~01111-actionoccul>ying severxl 
due neither to t h e  action of car l~onic  acid co~ltairied in secontls.' 
the  air, nor to  t h e  e~raporatioii of water, ~ ~ l i e ~ ~ c e  alt1iou:h tnaint:rinin:: perfect cilence in I I .  h~Iamngo~i i ,  

- - ~ --~ .. - -'Ioes i t  arise ? 'Iust lye recourse to D u ~ i - C ' s  / ~ ~ order l th i s  cspcrimcnt succcjsfu,,  i t  i ,  nec,2;i.lryi t i ,  mz]ie to  llic
what unacceptable idea, \vhich holds that  in certain solu- ti^^,, 
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regard to  this  po~ver fu l  viscidity, relates several experi- I 
ments  ivliich inake the  fact of i ts  existence very percepti- 
hle. Let  u s  quote  t h e  iL)llo\viily which is merely the con- 
tinuat1011 of one I have already drawn attention to  : 
-1bubble is bIo\vn froill a nioclerately wide tube \vhic l~ ,  ' 

ho\vever, has  a broad mou'h,  a n d  t h e  other  end is then 
left perfectly free. T h e  bubble decreases gradually in , 
size, but  not in a perfectly systematic manner.  O n  t h e  1 
contrary it elongates a n d  a t  t h e  same t ime contracts  trans- 1 

versely, assuining a seri2s of longitudinal folds or  wrinltles. 1 
h l .  Llarangotii explains t h ~ s  fact by stat ing that  oxving to 
tlic diminution of the  suriace, the  co:~ting of dirt becomes ' 

supersaturated and  consequently the  tension is annulled or I 
reduced a l i n x t  to nothing, inasrnuch a s  th:: thin layer 
formiiig the  bubble thus cvrinltled and  of a nearly conic11 

does not  notably diminish t h e  tension, a s  is shown by the  
fact tha t  when t h e  pipe is held upside down a n d  the  
liquid rests  upon t h e  bubble sitelf, the  latter regains its 
spherical forin immediately. 

Iii regard to t h e  su:~erficial coating of t h e  solution of 
soap, hl. Marangoni o b s e r ~ e d  t h a t  if this coating was  
viscous it should wrinkle when before the  needle, which, 
llowever, does n3t  occur a t  all. I n  order t o  discover 
\viiat really talies place in reference to  this  circumstance, 
I began t h e  experiment once inore by sprinkling the  sur-  
face of the  solution \\-it11 pollen' just before l iberat ing 
the needle. If attentton is then drawn to  the  tension of 
the  neadle, it \vilI be seen  t h a t  on the  side toward which 
this half advances, and  until a moderate distance is 
reached, the  disl)ersion of t h e  pollen 1s diminished, ~vllile 

shape does not  s h o ~ v  any  tendency to\vartls the  rnini~iium on tlie opposite side--that is to  s l y ,  behind this particu-
of t h e  surface. But ,  he adds,  if the  u~ioccupied end of 
the  tube  s l io~~lc l  be corlted so  tha t  t h e  bubble would no .  
decrease in size, the  form of t h e  latter would grow gradu- 
ally round,  arlcl a t  tlie sanle t ime it ~ v o u l d  expel from t h e  
hottoin certain drops of frosty inoisture which forms in 
tlie little folds or  ~vrinliles cve have already ~llentioiiecl ; 
then tlie coating of dir t  n-ould resume i ts  normal condi- 
tioii, ant1 th: 11ul1ble assurne, once more, a spherical shape. 

hI. hIaraugoni suppcses rllat apar t  from the  wrinkles 
on the  bu!~ble, the  tension is utterly null o r  rer!- ileal-ly so: " 

YOW, the  e:c~itence of any  liquid utterly de\-oici of tension I 

would 11e very extraordinary and  we may sa;:hardly [,rob-
a l ~ l e .  l loreover,  t h e  drops of moisture in the interior of  1 

t h ~  which constitutes the  outer  bubb!e, i ~ e i n g  the  liclf~id 
coating of dirr, ihoulcl possess little o r  no t.iliim. I have 
(:jllected these drops upon tlic crystal of illy \i>atch, ant1 1 
atter repeating the expei-iment a number  of times, I finally I 
proc~~rrx le n o - ~ g hof the  liquid to at tempt the  lormatlo? 

lar  half-it is considerably increased. T h u s ,  t h e  super-  
ficial coating in front of the needle, instead of puckering, 
contracts ,  and  dilates behind it. Kow,  if w e  reason in 
accordance cvitli my theory, and  coi-isecjuently do not  ad-  
[nit t h e  existence of a coating of dirt,  w e  should ackno\vl- 
edge t h a t  in  the  portion constructed tlie nrolecules p e r .  
t a ~ n i n gto  the  superficial cozting have lelt it  ancl entered 
the interior of tile Inass, ancl also tha t  in the  dilated por- 
t i ~ nthe  illolecules belonging t~ the interior have a ~ ~ n e r e t l  
themselves to the  suptrficial coatlnq in order to maintain 
the  density ; thes? two effects could not be  produced, 
moreover, unless a certain a i n n t ~ n t  of resistance existed. 
T h e y  have necessar~ly developed also a tiiffel-ence of ten- 
s ~ o n; but,  i;i t h e  second of the two series of estimates 
iibiclr I effecter1 in reference to tlie dura!ion of the  
~ieedle 's  m o v e ~ n e n t s  o n  the  surface and  in the  interior of 
the  solution, the  temperature \vas about  Z I " ,  a n d  from 
AI. l l a rangoni ' s  observations upon the spherical cavities 

of bubbles 115- ineatls of it. (I must  s:ate here t h a t  ~ h e s -  beloi-e m:ntionetl, it iollows tha t  a t  this degree of temper- 
t i roi~swere pill-sly licj'iitl ant1 not  a t  all frothy like t h x e  ature the differences of tension should possess but  slight 
l l .  Alarangoni describes.) Now, bubbles were formecl influence. However, the ratio concerning the duration of 
fro111 this licjuid, sorne of thern extending three inches in these nioveillents upon the  surface a n d  beneath it have 
diameter, t h i t  is to  say, they wcre similar in proportion been found to about  equal 1-78. Besides, thes: experi-
to  those ob:ained by nrealis of the  saponaccous solution ; lncirti secnlrd to lesoli in showing tha t  the effect arising 
only, with the  liquitl collected fro21 the drops in the  ci-ys- fro111 the  diffkre~lcz of tension is not a1toge:herto be  over- 
t i , ,  this maxl!nutn was  much more tlifhcult t o  reach,  loi l<td,  for in the  hrst  series in question \\Then the  tem- 
In a n ~ o r d ,I inodifird AI. IKarangoili's e ~ p e r i m e n t  in a , perature w a s  but  IS", the  ra!io of duration w a s  soine\i~liat 
1n;lnner calculated to render his explanation of it st111 , increased ; tha t  is to  say, about  1-87. 
InJre i m ~ ~ r o h a b l e .  A bubble about  t w o  inches in diam- I 
eter Ivas blown from the  11ipe and  t h e  drop suspencled 
froin thc  bottom removed ; then, iilasir~uch a s  the tube  
was  expressly narrokv, the \vrinltled and  cone shapetl 
forin w a s  produced by inhaling th rough it, and  before t h e  
drop produced a t  the  extreme point of the  cone could 
fall, t h e  pipe was  turiled u!iside d o i v ~ l  in such a way tha t  
the  liquitl forming the  drop ran along the  surface of the  ' 
bubble and  separated itself a s  much a s  possible o n  the 
e x t e u i ~ r .  Now, al though t h e  superficial coating thus  
conserves very nearly its former consistency, and  a s  coil- 
secluently (accorcling to M. Aiarangoni), t h e  tension he- 
comes, s o  to  speak, anilul lel ,  t h e  bubble instan!ly re-
sumed its s ~ ~ l i e r i c a l  shape ~vhi le  the  pipe was  being turned 
u l ~ s i d r  down, t h e  t ime thus  occupied not  being inore 

A t  the  beginning of these remarks it was seen tha t  31. 
Marangoni explains the retarded motion of the  needle 
upon tile solution of soap  by the  differtilce existing be-
tii7een the  tension of the  d u t y  coating a n d  tha t  of the  
liquid beneath. T\'e have also seen that  in regard to 
liquicls such a s  water, saline solutions, etc., which also re- 
tard the  needlz's inoveinents, h e  seemed somewhat em-
Ilarrasse~l. A t  the commencement of his work, he insists 
upon the capillary action of the  meniscus, then further on, 
he appears to  at tach but  little importance to  it, a n d  in- 
vokes a small quantity of d ~ r t  ; further on still, he takes 
refuge in PI. V a n  der Plensbrugghe's  theory. 

A s  Car a s  t h e  capillary action of t h e  meniscus is con-
cerned, I have entleai ored to make  it thoroughly under-  
stootl that  if we admit  it a t  all,  we  should consider it a s  

than one second. T h i s  experiment was  repeatetl s ~ v e r a l  being probable the  very reverse of \\,bat M. ?ilarangoni 
times and  allvays with t h e  same result. 

In my opinion these faccs can be ex!~iainetl very simply. 
IVhen you breathe through the  pip:, slioultl it be moder- 
ately wideor even narron., the  bubSlenecessarily contracts. 
I t  consequently hezonles of a thicker consistency ancl a 
surplus airiount of licluld floivs towards the  lower es!rein- 
it); bu t  the  s t rong  viscidity oi' t h e  superficial coatings 
renders the  general augmentat ion of dei~si ty:  anti the 
eclual c,ntraction on  all sides, very difficult dur ing  t h e  
short  interval of reduction. 'The surface wrinkles in very 
riluch such  a manner a s  a small bladder would should 
tlie air  lvithin it 11e i~rha led ,  and at  t h e  s a m e  t ime it elon- 

( supposes. H e  ltnot\~s, moreover, t h a t  t h e  action of a
I ineniscus would not  be sufficient in itself to  satisfactorily 
: explain t h e  existence of any phenomena ; for example, 
I it could not a c c ~ u n t  f i ~ r  the  rotation of t h e  entire surface 
/ of the licjuid. hI. LIarangoni, therefore, oilly ascribes a 
i partial r8k to it, aad  a t  the  s a m e  t ime seeks protection 
I under a c o , ~ t i n gof d ~ r t  and  the  ideas expressed by i\I. 
; V a n  der  hlensbrugg-he. But,  1-ou will aslc, where then 

does this coating of dirt come from i Does it arise from 
particles of dust  floating about  in the  atmosphere ? In  
his first worlc hI. LIarangoni says tha t  water  which has  

* 

gates into a cofiical forin from the  weight of the liquid I I In order to do this, the  pollen must be spread upon the surface of the 
liquid by means of a small paper tube held a t  n certaln distance above the wllicl, acculllulates at the boiLom, ~ ~ ~ ~this ~ t l ~ ~ l ~ ~ ~ ,solution. Care mnnt he taken to do thisasquickly as  possible, as the soap i
liquid arising fro111 the  iucressed density of the bubble l~~ois ten,t ~ l eparticles and calises them to sink rapidly. 
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been distilled several times can rernain exposed to the air 
for six or eight days without the slightest augmentqtion 
of resistance, in regard to the needle, being apparelit. 
Besides, in the measures taken with distilled water, the 
entire preparation of the experiment from the moment 
when the liquid was  poured into the capsule until the 
needle, was  left to itself, occupiecl but five minutei  ; then 
during the ten partial measures afterward effected, no 
increase of resistance was observable. Could particles 
Of dust  floating about in t h e  atmosphere llroduce an 
effect during those five minutes ? 1s it admissible ? In -
deed, M. Hagen has shown us Conclusively that the 
superficial tension of distilled water decreases perceptibly 
when the liquid is exposed to the air ; but this diminution 
is eradual and continued, ancl in order to produce ally 
visibleeffect requires Several hours The lleculiar fact 
M. Hagen describes, therefore, appears to me to bear no 
relation whatever to the resistance shown to the needle's 
movements ; and illasrnuch as air  o:l the other han(1. 
exercises no chemical action upon distilled water, and 
moreOxreras we are t h e  influence of 
particles of atmospherical dust, we are led to attribute 
the fact established "Y M. Wenlo a cause arising fronl 
the interior of the liquid. 

NOw, in reference to  the actual state Of  the case, I 

Shall say again that  it is to have to a 

coating of dirt ~vllose existence we cannot account for, 

and also that it is much more simple to admit the pres- 

ence of an atomic organization peculiar to the superficial 

layer of the  liquid. 


AS far as M. vander M~~~~~~~~~~~~~theory is con-

cerned, M. ~~~~~~~~i esl,resses himself in the followillg 

manner : 


a T h e  mass of the liquid effectually dimillishes the 
variations of temperature produced upon the surface, 
\vhicll, in its turn, also tlecreases the variations of ten- 
sioll ; in ordinary cases the latter are but trifling. when 
compared with the varittions attributed to dirt." 

According to this remark, we should believe that  the 
surface of the saponaceous solution, which, LI. 3/Iarangoni 
states, possesses an undeniable coating of dirt, resists 

movements of the needle more forcibly than the dis- 
tilled water which could have hardly anv dirt on its sur-
face. In my experiments however, directly the opposite 
of this has occurred. T h e  ratio of time required for the 
needle to describe an anele on the surface and beneath 
it distilled water was used was, 1 ,  92, while when 
soar, was used it was but I ,  82. 

M.  Van der RIengsbrugge's theory certainly deserves 

some attention in regard to the ~ h e n o m e n a  in question ; 

but olving. to the above ren~arlc of M, Lfarangoni, and 

the climension of the needle, relatively 

speaking, we may be permitted to doubt that any notable 

effect can result from it. Resides, i f  it did, we should 

find it again in those liquids of weak ter~sion which do 

not produce bubbles, that is to sap, alcohol, spirits of 

turpentine, olive oil, etc.; at  least we should be able to  

observe a feeble rotation of the entire surface ; now, this 
is by no means authenticated. 

Finally, before a.ttributing these phenomena to any
other cause than that  of a peculiar .iriscidity of the outer 
coating, it would be necessary to refute those arguments 
which have led me to the conclusion that the su~erficial  
coating of liquids possesses more atomic mobilitv than 
the interior portion. NI. h f a r a n g ~ n i  is perfectly silent in 
regard to this part of my work. 

After this examination of RI, Marangoni's theory how- 
ever, 1 myself justified in maintaining illy opinion; 
but I forego all ulterior discussions referr~ng to the sub- 
ject, and leave all those physicists \vho may be  interested 
in the question, to compare for themselves M.h/Iarang-
onijs writings with mine, and to try to discover, if pos- 
sible, which of us is right. 

BY HEXRVC. C I I A F \ ~ A K ,h1. D. 

F~~~ the paper On this subject i n  the proceeclingi of  

the  of x q t u r a l  sciences, of philadelphi%,we 
take following f a c t s : 

~h~ subject dissected \%,asa)-oung orangoutang 
(siUzins ~ ~ ~ ~ ~ ~ ) ,T h e  first thing about three )-ears o](l, 
to strike Dr.  Chapman was the length of the upper ex-
tremily, it being three illches longer than the lower one,  
agreeing nearly in this respect with the Gorilla, the tliffer- 
ence in the extremities of that animal being 3$ inches, 
whereas ill !Ile Chinlpanzeea differenceof I 3d inches olll,, 
Lvas fouIld, ~h~ foot ill t he  orang,  llowever, x 
inch larger than the hand, whereas in the Gorilla the hand 
was $ inch larger than the foot ; the chilnpanzee the 
differencein this was $&in, in faror of foot. I ~ -
deed, (listinctness of hantl and fact superficially iT 
more mar]ted in the Gorilla thall in allthropoi(~s, 
The  same facial muscles are found in man and the Orang 
outang, the exception that there is bu t  one zygolna-
ticus, possibly corr.espondingt0 :he zygomaticus millor of 
man. The  facial nluscles, however, are not differentiated as  
in ~ n a n ,  rather hanging together. T h e  upper extremity of 
the Orang, in its muscles, differed essentiallvfrom that of 
man in the absence of the flexor longus l,,,llicis, ex-
tensor prilni illterno(lii pollicis alld i n  t i l c  of 
the additiollal tendons to tilt. rinZ llliddle fipgers 

T h e  Orang agreed tvith the Gorilla in not having a 
flesor longus pollicis, but disagreed with it in having the 
pronator radii teres, arising by two heads in the presence 
of a palmaris longus, in the additional tendons for ring 
and inidtlle fingers, and in not havi.lg the extensor primi 

011s of the toes, in 


