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mxIlfG 0' nOID8-JiiUAlJUOli BY ElLlT. conJ!tru6ted. It1ll1LY be about twelve incbes longand 
1'.O'W)'IO:B 1!LO..o.n,l'H.n. tbree wide. Tbe standards ILNl best mortised into the 

The pbenom(>.Do, 'of diffusing fluids have already been base, and glued or keyed flO Ill! to be Iree rrom 
a.llnded to, in an ea.rly article, of this series. Tbe mix- shake, or tbey may ba screwed.Jr na.iled directly to the 
iog of thick si1icata of soda. solution with water W8.s 
used as tbe illustration. To a suggestion from Mr. C. 
Trautwine, Jr., or Philadelphia , the experiment here 
illustrated is due. He observed tbat, in dropping 
whisky into glyoerine, a peculiar eUect was obtained. 
Tbe whisky by itseuergy, due to falling, penlO'trated 
deep, into the thick and h��ier glYCArine, a.nd imme­
diately tended to rise � the surrace. In 90 doing, it 
sllbdivided the glycerine into veins, and seemed in­
capable of mix ing perfectly with it. 

In the illustration, a glass cont,aining some glyce· 
rine is shown. From a height, in order to obtain im- �\� , 

II()LDERllfG KEAD ON" SCREW. 

ends of tbe baBe piece, Theee uprigbts should be about 
four inches high. Tbrough one of them, the left band 
one in the cut, a hole is bored, .near the top, through 
which a wood screw passes freely, 6crewing in and out, 
In tbe inner face of the opposite standard, at the same 
beigbt, two sharply pOmtad pieees ot wire (about one­
�ixteenth inch in tbickne�s) are inserted, wbose points 
project about fin eighth of an inch from the wood. 

The rod or piece of metal to be expemded comes next. 
Several are sbown lying in front 01 tbe apparatlls. A 
perfectly straight piece of brass, copper, or iron wire, 
or a corresponding rod or zinc is needed. The piece 

1 should,lce of slightly If-sS len gth.than that of the space' 
I between the standards. One end is filed off'square, 
! and a sl il:h t excavation i� drilled or punchl'ld in its cen­'ter, This is to receive the point �I tbe wood screw. 

Tbe other- end is filed off obliquely, and a slit filed in 
tbe center b,xis of the rod, If the rod is very thin, less 
tha.n a quarter of an incb, its end may also be lIlightly 
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To etill fartber multiply the' extent of motion, the 
indel attAcbed to the left hand standard is provided. 
A wire axis is thrust into the wood. A thin tube, 
which may be of glass, is placed over this axis, & paper 
index is secured tbereto by sealing wax, and tbe end of 
the wire is bent to secure all Ir desired, R graduated 
dial may altlQ be pasted to the stolJ.ndard. A thread is 
atto8.(lhed too the end of the wire indu, is cEl.rried three 
Or r our times around the tabe. At its end is a smal l 
weight. 

By tbe wire index every mo,'ement of the rod in the 
direction of its length is multiplied, perhaps eighty or 
a hundred times. This, by the paper inde%, IS �ain 
multiplied 'probably twenty time6, giving a total in· 
crea.se of motioD of two thotlsandfold. Hence tbe sen· 

THE 1IIIXlIr6 OF (UYCl:RIBE ABD ALCOXOL. upturned, so a8 to proddce a larger .,obliqlle snrrace. Al"1'.6.B.6.l'lT8 'FOB ILL't18l"1L&TING 'l'HE ExPllSIOli OF 
One <Jr the pieces is shown thus constructed. Iu any 

petus, aloohol is poured joto the center of the sur· case, a shape is given the end somewha.t 6illlilar to that 
IlETALS :BY HEAt'; 

flLCe. The effect de�cribed above is produced_ If at the claws of a carpenter's hamUier. sitiveness i� very (!r-(lat. A watch held under the rod 
rjgbtl y done, the veins of subdivided glycerine will A 8ho�t piece of wire hWJ two holes punched or drill- will produM a visible movement in tbe index, while a 
extendquite deeply into the center of the fluid, and ed in its aUl'fa.ee, to receive the two points projecting candle or alcohol lamp will produce more than a full 
produce a very cilriou!! &lId I?triking effect, from t be right hand 8t�ndard. Another very fine'hole .rotation of tbe index., , 

The subject of heat is SUBCleptible of illlI.l!tration by is drill� almost o['quite through its center, in which a The solderIng is very 'easily done. A little hydro-
a number ot ,xperiments. Until: reduced to the ab- pin about the dilUneter of a ladie!!' hair pin is soldered. chloric acid ill neutralized with zinc. The 'places to be 
IIOlut� zero, -273' Cent .. , the cODsti,tuent molecules or Tbis pin should projellt a quarter of an inch, and soldered are cleaned and filed up bright, and a little of 
all substanCes are a88umed to be in intense and rapid should be:a.bout 135" frow the two holes, as r eferred tQ the" soldering a.cid,'� as it is called, is placed on them 
vibra.tion. This implies that they do not touch each the circQwfereo� of the wire. Finally, in the end of .with a. wi� OJ' alllatl.lh., 00 heating qne of the pieces 
�. By -'bei& ���.� tUl�r the in8::q- �Q;tt � or wiH.'u�other hole is drilled, and the jn an' aloohol lamp, with & bit of solder resting on it, 
ence of the ,kineti� force. or objective h&At. they a.re 10ng arm eoon in the drawing is soldered therein. The the solder will melt and flow over the metal. This is 
not allowoo to 1'9&t t�uehing, each other. H�nce, it {oL- 'experiIllenta.l r-od is placed in ·the position shown, and done to both pieces separately, and afterward they are 
lows that by applying more heat, their paths of vi- adj us ted ,by screwing inorout tbits(lrew until the least heated until, the solder melts. and pressed together 
bratioll I'hould be lengthened, and they' should" 00- motion a.ffects the movements .r the.1olJj;! index wire. wbile held in the flame, relUoved, and allowed to coot 
cupy mort} spa.ce. An; Q;priori' coDsideration would Now if tbe rod be hea.ted, it will expand, and raise the In the cut the operation is shown of attaching a head, 
therefore lead to the conclusion that bodie8 increase index wire perceptibly. which may be a copper �at, to the wood '��ew, to 
in size as the� grow bot tel'. ClWilitltte its manipulation. 
Such is «dually the �e. After tinlling or" cO:l,ting 
The statement that, heat with solder one side of the 
expands andeold contracts cent and the screw head 
Is I!O old as to be known to separately, the screw and 
all. It is a crude expres- cent are placed as shown, 
sion or a univetaa11aw. are heated until the solder 

To illu strate ita univer· melts. and allowed to cool, 
sality, it should be shown when the union will bEl 
ezperimenta.llya.!! applyhJg secure. 
to all three states of III at- --.----

ter-the solid. the liqllid. PBOTOGRAPlIY OJ? A 

and the gaseous. The ex- IOfiRG PENDULUII. 

paD8ion of solids shallllrst W \l represent in the cut 
be considered bere. a.ecompanying this article 

In i1:eneral terms it is the an intereJ)tin" a c b i eve· 
most difficult of th6 three lUent in p\lotography. It 
{orIDS to use as the basis is not only of value in 
()t a. satisractory experi- itself as a. perfect produc-
ment. Iron, p er degree tion 01 the art, but is ver�t 
Centigrade. only expands suggelitive, It opens the 
0000012. bl'8.Bl! 0'000018, and question as to how much 
zinc 0'000029. Non-meta.l lic movelDent can be allowed 
snb!!ta[l�e& are not �o avail- to an object which shall 
able as the metals, because not be detected in tbe 
they cannot, as a rule. be blurring of its ima�e. and 
beated flO higbly. If 8 bar ·also as to the relation be-
of metal is adopted, its ex- tween the distance, speed 
pansion.canonly be shown of object, and time {or ill-
by ma ltiplying its move. stantaneou8 exp0811re in 
mente very largely. photographing a moving 

From tbe coemcients of object. Thus the' one­
expaosion given above, it 
will be seen that zinc is a. 
very suitable met!!.1 lot' the 
purpo�e. It is fusi ble at a 
ra.tber low point, but not 
tsO much I!O M to impair it 
for experimental use wbere 
the temperature need not 
rise very bi&,h_ The appa· 
_Wi for exhibiting the 
.-pADSion of meta18 is 
dtown in the eut. 

A wooden 'baBe, provided 
wi\h two stande.rds, i� tlntt PBOTOG:&APIIY OF A BOYING l'DDULUIL 

© 1887 SCIENTIFIC AMERICAN, INC, 

hundredth of an inch is a 
dietinctly visible quantity. 
A movement duriDg the 
tiwe of exposure which 
would, on the plate, pro­
duce thi6 (l.mount of dis· 
placement would t end to 
cause a blur, B)' one 
high authority the awount 
allowable is placed at 1-10 
millimeter, or tbe l·2liOor 
an inch. It is �ncertain 
how far this ean be aAl­
cepted a.& a.n Rbaolute law. 
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If a moving steamer were ph otographed SQ as to be re­
duced to 1-1000 of her size, a displacement on the pl ate 
of f.2�O inch would represent on the part of the 
steamer a movement of 1000-250 in chea, Or tour inches. 
Ata speed of 15 miles an 11011r, this would occupy 8. 
p eriod of 1-66 !;econd. This reduction would represent 
the Ci�y of Rome as a little over six inche� long. 

In photo�ral>hs of distant objects, there w ould be a 
certain difficulty in determini ng the blur. The grain 
of the paper would tend to oonceal it. When a. Ileal" 
object is photographed so as to be reduced to oue-h alf 
only of its natural lSil.c, any displacement in the time 
of exposure is much more ea!\ily detected. It;s such 
stlbjects tha.t test most rigorously the limitations of 

the photographic art as affected by the shutter me­
chanism and sensitivenesl;! of the pl ate. 

The C!1t represents lI.l most of full size a photograph of 
a !!winging penduluJJl.· It was taken by Dr, or. J. Hig­
gins, au amateur photographer of this city_ The con­

dition s were 8.1! 'follows: 
The pendulum was eight jnches long 88 rega.rlis the 

distance from its point of I;uspeusion to its center of 
oscillation. Thu� its peri od for small ares would be 

a.bout (}'i sec., and for a longer arc such as indicated by 
tbe dlvided ci rcle a very little more. It WItS held at one 
extremity of the graduated arc by a catch attached to 
the telegraphic sounder, so as to be releaijed when a 
cur rent of eleetrioity was passed through the magnet. 
]n the circuit with the sounder were included a key, 
a resistance coil. and an electrica.l detent of similar 
character to the sounder, for holdin g and releasicg the 
�hutter or the camera. The paperll.rc was divided into 
inches, and the general data of the experiment were 
written on the cards seen attacbed to the standard. 
The apparatus was set upon the roof of Dr. Hig�fn8' 
residence. To make the print a certificate I;lf its own 
authenticity, '" goblet of mercury wa,a placed by the 
side of the a.pparatus, and was photogt'aphed with it. 
This proved that the table was level. Othenvise, by 
icc1iningthe apparatus, the pendulum could be taken 
by a time expoHure in any desi red po.lition. At the 
upper end of the rod, two threads were used for sus· 
pending the pendululD. This precl uded the p08sibility 
of the penduluw being mechanieaLLy beld to Olle t>ide; 
as it would be impossible to do this and k.eep the 
threads aligned witb the roo. The camera WM then 
p laced a short distance from th� apparatus, focused, 
the shlltter detent arranged, f. mirror W88 placed so 88 
to reflect the sunlight diracUy npon the pendulum, and 
a.ll wa� l'eady. 
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TIlE POBClYl'IHE AliT E&TEB. ter and penduluIO. The pendulum swung down, 
passed the lowest point ot its arc. consuming very near· 
ly � second in the journey. and just as it was rising 00 
the oppoaite aide was photogJ'apbed . The �harpne�s 
of the image is surprising. Absolutely n othing can be 
detected to indicate the motion of the pendulum. The 
length 01 the pendulnm is known; the divisions of the 
are can be reduced to degrees, 130 as to give its angular 
displacement, a.nd thu� we are in pos3.ess ion of the.data 
lle3eSsary to arrive at an idea of the time o[ e:rposure. 

An.important question iu natural hist()ry !'An now 
be answered. There are egg-laying IDa.mmalll. This 
fact, which has long been believed by scientists, has 
finally been prol'ed, and the link �etween ma.lDmals 
and birds, which, according to the saying tha.t .. Na­
ture makes no jumps," mu�t neCessarily exist, has been 
found. It is worthy of note that Darwin was interes� 
ed in tbis questioD. 

The pendulum in its jo�rney tram starting point to 
the plMe where it was photographed had spent about 
� secon d, It ·waa at this point moving at the rlJ,te of 
25'S inches per �econd. Taking ihe :reduction a.$ one· 
half, which is not far from the truth, and allowing for 
a displacement of image on the pl ate of 1-200 inch, 

1 
this would glve lo r time of exposure ----- second or 

12'9x200 
1·2580 st'cond. For Mr. Muybridge's exposures the. time 
of i'lioo of a second )las been claimed. Mr. E. J. Marey, 
who in France hal') done the most important work of 
the last few years in photographing moving Ulen ana 

THE PORCUPINE ANT RATn. 

animals, has used a. regu� ar exposure period of 1·2500 
of a. second. Dr. Higgins, therefore, seems to have 
about rea.ehed the same limit, for when � shar pn ess 
of the irunge is eonsidered, it. is not easy to admit a 
greater displacement than that used in the c.alculation. 

Again, it is neces�ary to d isting llish between the em· 
cient period and wechanically op6nill� peri od of a 
shutter. Little effect is produced upon the pl�te until 
the shutt�f i. partir open, �lid the light cea�es to & 
great extent to act before the sh utter is fully closed. 
The ex.posLlre, however, WM wOIlderfuLly short. \Vhen 
the nearness of the objeet to the camera is ta!ten into 
account, the perfection of the photograph produced is 
very remarkable. 

August 2il, 1884, Dr. Wilhelw Haacke, forme!' a.ssi�t� 
ant of Haeckel a.nd Director of the South. Allstralian 
Museum in Adelaide1 discovered that the porcupine 
ant ea.ter (Echidna hys!l'ix) laid eggs, and the same 
d[scovery was madea few days later by W. lI. Ca.ldwell, 
a young English n atu ral i�t who went to New HoHand 
to study the development of animals of the rtuckbill 
species. The anatomica.l construction of tbe!;e animals 
and their position in tbe zoological iSyst(;Ul hal> been 
a subject of di�cusaion among naturalists, but they 
hav� finally been classed ill! mammals. The particu­
lar animal to which we wish to call attention (see 
accompanying cut, taken from the Illust,·i1·te Zeit'my) 
i8 the porcupine ant eater (Echidna hYStl'iw). It is the 

sll�Uest of th e monotremes, and reminds One of the 
·porcupine. It$ body is plump, and its short legs are 
each prov-ided with five strong toes armed with sbarp 
nails, weLL adapted fot burrowing, Its be ak resembles 
clo�ely that of the woodcock. b(>ing thin and tube­
shaped. T he mouth ill very slllall, only ls.rge enoogh 
for the passage of the worm-like; rougoh-polct@d ton gue, 
which can be extended some d ist an ce beyond the beak 
and is used for drawing in food (ants and other inseots). 
No ears are visible. but there .arfl hearing passages, 
whi�h ca.n be opened and closed by folds of skin. Th& 
upper part of the body is covered with black, pointed 
quills, the roots of which are surrounded by ahort hair , 
and the head, legs, a.nd othtlr parts of the body are 

• I.. • also covered with hair. KydtauUe .Jack Patent. This ant eater lives in mountainous districts and jn 
In the U, S. Court, Southern District of New York, high,' dry woods in South Australia, whert' he burrows 

in the case of Richard Dudgeon v. 'Vatson & S tillman, under the root!! of th� treet>. In his hole he makes a 
for infringement, Judge Coxe Iluetained the plaintiff's 
claims and gr ant(>d an injunetio,�_ Th� defenSll ,was 

nest which he lines withpartsof plants. To protect him. 

want of novelt.y and non,infringement. The.J udge in 
self from an en emy, he rO;I� ::�self up like 0. porcl,lpine. 

his opinion describes at Isngth the workingsofhydrau- . . . . . .  . 
lie j acka, lLnd SlLyS there is no doubt a8 t() the infringe- The Nortll.�est�rn M'l�ler, of Mmne_apohs, MmD., I.B a. 

ment of the patent, a.ethe ja.ck made by defendants· w
,
eekly ��bhcatwIt whLCh h� attamed a

. 
�e5ervedly 

works hi substantially the sa.me manner. . hlghposltlon as a representative of the mllhng inter-
• , • I • ests of the country. It celebra.ted the holiday Beason 

A touch of the finger on the key releued both lihut-

SOME one trnthfully agserts that it is che aper to get this year by issuing tl.n unusually attra.ctive nt.lmbel'. a. 
a �ood fmgi�eer and a good engine than to procure an prominent feature of which Will! the presentation of pic­
interior q ua.l.it1 of both articles. tUl'esof a large num her of leading meID bers of the trade. 
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