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lllllSt be: rem.vn1bered that jf a thern10111eter or a pyro1neter, as 
the case ma) be, is plunged into a mass of water or of molten 
metal, the temperatl.ue will fall continuously until the water or 
the metal b< gins to become solid ; the temperature will then 
remain const<,nt until the whole mass is solid, when the down
ward cours<; ',f the temperature is resumed. This little thermo
junction is phnged into a mass of gold ; an electric current is, 
in popular b :1guage, generated, and the strength of the current 
is proportion"! to the temperature to which the thermo-junction 
is raised; so 'hat the spot of light from a galvanometer to which 
the thenno-i·mction is· attached enables us to measure the 
temperature: or, by the aid of photography, to record any 
tbermal cb:w:;es tbat may occur in a heated mas,; of metal or 
alloy. 

It is only necessary for our purpose to use a portion of the long 
scale, and to i1ake that portion of the scale movable. Let me 
try to trace b, ·fore you the curve of the freezing of pure gold. It 
will be neces,,rry to mark the position occupied by the movahle 
spot of light ,,t, regular interYals of time during which the gold is 
near 1045°, tb,Jt is, while the metal is becoming solid. E,·ery 
time a metron•>me beats a second, the white screen A (Fig. 3), a 
sheet of pape1· \\ill be raised a definite number of inches hy the 
gearing and b.\1\dle, B, and the position snccessiYely occupied by 
the spot of light, c, will Le marked by hand. 

\-on see the time-temperature curve, x, y, so traced is not 
continuous. The freezing point of the metal is very clearly 
marked by tlw horizontal portion. If the gold is Yery pure the 
angles are slurp, if it is ·impure they are rounded. If the 
metal had fallen below its freezing point without actually he
coming solid, Lhat is, if superfttsion or snrfusion had occurred, 
then there would be, as is often the case, a dip where the freezing 
hegins, and then the temperature curve rises suddenly. 

If the meta i i.s alloyed with large quantities of other metals, 
then there ma<· he several of these freezing points, as successiYe 
groups of all• '}'S fall out of solution. The rough diagrammatic 
method is n< •r sufficiently delicate to enable me to trace the 
subordinate p< ·ints, bt:t they are of vital importance to the strength 
of the metal or alloy, and pbotography enables us to cletect them 
readily. 

Take the case of the tin-copper series; you will see that as 
a mass of tin-,·opper alloy cools, there are at least two distinct 
freezing point>. At the upper one the main mass of the fluid alloy 
became solid :at lhe lower, some definite group of tin and copper 
atoms fall out. the position of the lower point depending upon 
the composition of the mass. 

( T" bt r"ntinucd.) 

THX 1 VS7JTCl10N OF MRCHAiVJCAL 
J:'N(;JNEERS. 

ordinary spring meeting of the Institution of :\Iechanical 
Engineers was held on \Vednesclay and Friday eyening of 

la't week, April 24 and z6. the J'resiclent, Prof. Alexander B. 
VV. Kennedy, V.R.S., occupying the chair both evenings. The 
following was down on the agenda of the meeting : Adjourned 
discussion on ( :aptain H. kiall Sankey's paper on "Governing 
of Steam Engines by Throttling and by Variable Expansion"; 
the "Third Rq)ort to the Alloys :Research Committee," by Prof. 
\V. C. Robert,-Austen, C.B., F.R.S .. "Appendix on the Elim
ination oflmpurities during the Process of making' Best Selected' 
Copper," hy 1\lr. Allan Gibb; "Appendix on the ·Pyrometric 
Examination oi' the Alloys of Copper and Tin," by Mr. Alfred 
Stansfield. 

In the discussion on Captain Sankey's paper a number of 
members spokt. As a general result it may be stated that the 
position taken by the author in his paper was supported, viz. : 
that for certain purposes, governing by means of the throttle 
valve was to bt· preferred ; whilst under other conditions variable 
expansion gm crnors would have advantages over the other 
method. Captain Sankey in his contribution impartially discussed 
both systems, and his paper may he taken as a good model of 
what a memoir of the kind should be, no undue bias being showil 
nn either side. 

The report of Prof. Rol>erts-"\usten was perhaps of e,·en 
greater interest than those which haYe preceded it ; whilst the 
two appendice-s of Messrs. (;ibb and Stansfield discussed 
important pracl ical details. A request had been made that the 
investigations ,,f \Yarlmrg and Tegetmeier on molecular porosity, 
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and their observations on the " Electrolysis of Glass "1 should I><.· 
repeated. It will be rem em be red that atoms of sodium were 
made to pass through glass at a temperature of zoo' C. under the 
influence of the electric cunent. Lithium atoms were then made 
to follow along the tracks or molecular galleries left by the 
sodium, the lithium having a lower atomic volume and weight 
than the sodium. \Vhen potassium, having a higher atomic 
weight and volume, was substituted, it was not found possible 
to trace out the sodium. \Ve are thus, the author said 
confronted with a molecular porosity which can in a sense 
be gauged, and the mechanical influence of the volume of 
the atom is thus made evident. It will also be evidenl 
that there is a direct connection between the properties of a 

and the of its atoms. The results preyiousl) 
obtamed were entuely confirmed and somewhat extended in the 
experiments the author had undertaken. The septa, or diYiding 
partitions, in these fresh experiments, were made mostly 
soda glass, of which thick bulbs were blowh from barometet 
tube. In most of the experiments the glass was electrolysed, using 
mercury and an amalgam of some metal as cathode and anode 
respectively. The temperature was from 250° to 350° C. The 
electromotive force employed was 100 volts, and the current in 
the case of the sodium experiments averaged about one-thousandth 
of an ampere, and was sometimes as high as <me-fiftieth of ar 
ampere. \'Vhen the glass bulbs were employed they soon became 
cracked, and the free passage of the current fused the glass. 
forming a well-rounded hole. In each experiment a safety 
fuse was placed in series, to stop the current in case of 
breakage. In experiments in which sodium amalgam had 
heen placed in the bulb and pure mercury outside, sodium 
passed into the mercury to the extent of o·o3 gramme 01 

o·46 grain. In one experiment, which. lasted eighteen hours. 
the amount of sodium found in the mercury was o·o131 gramme. 
or o·zozz grain. The quantity of electricity which passed 
through the glass was measured by the aid of an electrolytic 
cell placed in series, in which copper was deposited to tht 
amount of o·ozo6 gramme, or o·3179 grain. Calculating tht 
number of coulombs of electricity passed by means of the 
electrolysis of glass, the number 55 is found, and hy the electro
lysis of copper sulphate, 6z; thus showing. as well as a rough 
approximate experiment could, that the passage of sodium intc 
the mercury follows the ordinary law of electrolysis_ It 
doubtful whether the sodium from the amalgam actually pene· 
!rated right through the glass ; but there can be no question 
that it replaced a considerable proportion of the sodium which 
the glass contained. An attempt to pass potassium through 
the same glass failed. Gold was then used, both in the form of 

1 amalgam and dissolved in metallic lead, but in the latter cast 
the temperature employed was, of course, higher. No gold 
was found to have been transmitted through the glass ; but the 
glass employed became coloured by gold, and minute spangles 
of the metal were found embedded in it. The same result was 
obtained when copper was used as an amalgam ; and in thi;.. 
case minute nodules of copper were deposited below the surface 
of the glass, an effect which is highly suggestive in connection 
1\·ith the formation of mineral wins by earth currents. Sodium 
amalgam placed in a bulb and surrounded witli mercury, but 
with no current, gave negative results, showing that simp!t 
diffusion did not play any important part in the results obtained .. 
The fact that a current passes at all through glass is a proof that 
electrolytic action has taken place ; so that, even if a metal be 
not actually transmitted through glass, the passage of a current 
indicates that sodium, potassium, or other metallic constituent 
of the glass, must be leaving it, and is probably replaced by ont 
or more of the metals in the metallic bath which constitutes the 
anode. 

The author next referred to an addition made to the recording 
pyrometer by means of which increased sensitiveness was ob
tained. The galvanometer, which affords the means of measur
ing the temperatures of the masses of metal or alloy under 
examination, may occupy one of two positions : it may either 
be nearer to the slit through which the ray of light falls upon 
the photographic plate, or it may be further away from it. It 
will be evident that two galvanometers may he used simul
taneously, with the light from their respective mirrors playing 

1 E. Warburg, "Ueber die Elektrolyse des festen Glases," Wiedemann'_.,
Annalen, vol. xxi. 1884, p. 622. E. \Varburg and F. Tegetmeier, "Uebe1 
die elektrolytische Leitung des Bergkrystalls," TViedenzann's Annalen, vo[_ 
xli., 18go, page 18. E. \Varburg, "t:"cber eine l\1ethode Natrium Metall iF 
geisslersche Riihren einznfiihren." TVitdemcrmz's .·Inna!en. vol. xi. I8<:;o. 
p:1.g-e r. 
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through the same slit upon the photographic plate. The further 
galvanometer can have a much lower resistance, and conse
quently greater delicacy, than the nearer one, so that, while the 
line photographed on the moving sensitised plate from the nearer 
galvanometer might represent a range of temperature of, say, 
I 500 degrees, the line traced by the mirror of the further gal
vanometer should represent only one-tenth of this. The angular 
deflection of the nearer mirror would not exceed the limits of 
the sensitised plate, while the mirror of the delicate galvanometer 
might tra,·erse a far larger range. Both galvanometers would 
be connected "in parallel ,. with the same thermo-junction; and 
obviously any portion of the extended range which it was desir
able to reflect on the sensitised plate could easily be caught by a 
suitable adjustment of the mirror on the further galvanometer. 
If, therefore, the thermo-junction is plunged into a mass of metal 
cooling from say an initial temperature of 1500 degrees, the 
whole of the cooling curw could be traced by the mirror of the 
less delicate galvanometer, while only the portion greatly magni
fied would be recorded by the mirror of the more delicate gal
vanometer. The first curve derived from the less delicate 
galvanometer would serve as a " calibration cmTe " for that 
afforded by the other galvanometer. 

By means of diagrams exhibited on the walls of the theatre, 
a large number of cooling curves for electro-iron were shown, 
care being taken that the iron was exceedingly pure. The points 
of recalescence were well shown on these cnrves, which may be 
studied with interest in the Transactions of the Institution, as 
hearing on the question of allotropy of iron, which has already 
heen fully discussed in a former report. The cooling-curve of an 
aluminium-copper alloy was also giwn. This was the alloy 
containing 6 per cent. of copper, used by Mr. Yarrow in the 
construction of torpedo boats for the French Government. Two 
freezing points were shown, one due to the main mass, and the 
other at a lower point due to the copper associated with the 
aluminium. The pyrometric examination of iron-aluminium 
alloys was also treated at some length, hut it would be difficult 
to give results without reproducing the curves and the diagram 
shown. 

One feature that may he noticed, however, was that the freez
ing point of iron alloyed with, say, one per cent. of aluminium, 
is but little lower than that of iron itself; that is to say, the 
tnelting point of nearly pure iron is .only slightly lowered by a 
small addition of aluminium. Osmond had already shown that 
aluminium does not produce any considerable lowering of the 
freezing point of cast-iron ; and the usually accepted idea that 
cast-iron or steel containing aluminium is very fusible, must be 
due to the fluidity of the metal when it is melted. 

Another interesting point was that the samples of alloys usetl 
in these experiments were kept for some months before being 
analysed, and it was found that during this time those which 
containetl from 40 to 6o per cent. of aluminium had spontaneously 
disintegrated, and had fallen to powder. The pO\vder was not 
oxidised, but consisted of clean metallic grains, probably result
ing from chemical changes which had gradually taken place in 
the solid alloy. Whether the iron and aluminium were in a state 
of solution or were chemically combined when molten, there can 
be little doubt that they are so combined in the metallic powder, 
as attempts to re-melt this powder have proved unsuccessful, which 
points to the formation of an infusible compound. 

Some experiments made by Thomas vVrightson to as
certain whether the welding of iron is attended with a fall of 
temperature, as is .the case in the regelation of ice, were next 
described. The welding was clone by means of electricity and 
observations were taken by means of the pyrometer formerly 
described. The results haw been communicated to the Royal 
Society, and tend to show that the welding of iron and the 
regelation of ice are analogous phenomena. a point of no small 
theoretical importance. 

In his last report the author had called attention to the fact 
that M. Andre Le Chatdier had suggested that the prejudicial 
action of an element is clue to its forming a fusible compound 
with the metallic mass in which it is hidden ; while, on the other 
band, the presence of an element which forms an infusible com
pound with the mass, promotes the formation of a fine grain and 
imparts strength. The author did not wish it to 1Je supposed, 
however, that the action of the atlded element is due solely to its 
infusibility, or to its power of forming a fusible compound with a 
portion of the mass which contains it ; for cases are numerous 
in which such an explanation does not apply. In this connection 
a suggestion matle long ago by Raoult Pictet ( Comptes rendus, 
\I'Ol. lxxx.-iii. 1879, pp. 855 and 1315), well clesen·ed consiclera· 
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tion. He urged that there must he: a connecti.m between the 
melting-points of metals and the periodic law of endeleeff; for 
he showed that for all metals there is a simple relation between 
their atomic weight, the amplitude of the mov•:ment of their 
molecules under the influence of heat, and their. melting-point. 
Pure metals with high melting-points-such as J •latinum, iron, 
copper, and gold-are comparatively strong; ai><l, conversely. 
metals with low melting-points-zinc, lead,. cadn,ium, bismuth. 
and tin-are relatively weak. with high melting-point> 
must necessarily be coherent and tenacious, hecaus. · much heat is 
required to drive their molecules apart in reducing them to the 
liquid mobile slate in which the molecules have 'ery srpall co
herence; anti therefore at ordinary temperatmcr; ll]tich force 
must be applied to overcome the cohesion of. the molecules anti 
hreak the mass. Conversely, in metals with low melting-points 
a small ele.-ation of temperature will overcome r he molecular 
cohesion, and render them liquid--that is, willmelr them. Such 
metals will be weak, the author continued, becau'e if little heal 
is required to melt the metal, less· force will be ne,:cled to tear it 
apart. Hence melting: point and tenacity are cleady copnectetl. 
The absolute temperature of the !nelting-point of a metal must be 
closely connected with its atomic Yolume, because the former is 
inversely proportional to th.e rate at which the amplitude of the 

, oscillations of the molecules increases with temperature; and the 
rate of increase of amplitude at any given temperature is qbtainetl 
by multiplying the ordinary thermal cocflicieht of linear expan
sion by the cube root of the atomic volume. 

Pr11f. Roberts-Austen here pointed out that the recent \\ork of 
Dewar and Fleming (P!zilosop!zim! Jfaga:iile, YOl. xxxiv. 1892, 
p. 326) hears directly on this question. They t mployed very 
low temperatures, and show that at the absolute zerq of tempera
ture pure metals would probably offer no resistance 1 o the passage 
of an electric current, but that the electrical resist:r nee. of allop 
does not diminish so rapidly with the lowering oJ ternperatnre 

, as in the case of pure metals. Prof. Dewar .(Pro(, rdings of the 
' Royal Institution, vol. xiv. part 2, 1895, p. !)has ,hown, mor<e

over, that the tenacity of pure metals and allo1·s is greatly 
increased by extreme cold-that is, by the closer approximation 
of their molecules ; and this affords additional evidence that 
metals become stronger at temperatures which arv further and 
fttrther removed from their melting-points. 

The discussion on this paper was of a somewhat I Jrief nature, 
the reading of the report and the· appendices, together with the 
carrying out of certain experiments and illustrati, ms, taking a 
considerable time. Mr. vVrightson also explaiuecl at some 
length his welding experiments, "·hich, as stated. have been 
placed before the Royal Society. 

Prof. Goodman, of Leeds, gave some interesting ; >articulars of 
the work upon which he has been engaged during the last t\\ o 
vears in connection with anti-friction allovs. He h'ul discovered 
that these substances must always contain-a metal of high atomic 
volume, and there seemed to be a direct connection between the· 
efficiency of the anti-friction of alloy and tj1e atomi, · v,alume of 
one of its constituents. If the atomic volume of tl:e alloy were 
small, then the friction was enormously increased, btt with high 
atomic volume it was reduced. He had produced atr anti-friction 
metal which would withstand a pressure of two tons to the square 
inch when running at 550 revolutions per minute, the temperature 
being 140" ; that was a very remarkable result for a ,,hite metal. 
The alloy used had a higher atomic volume than bismuth, but he 
was not at liberty then to state the nature of the sul.htance. 1 le 
wished, however, to impress the necessity of flhsolllle purity, or 
that if there were any impurities, they should he of high atomic 
volume. 

Mr. Blount, in referring to the author's on tbe electro
lysis of glass, and the fact that potassinln would not follm1 
sodium and lithium, said he would he glad of an explanation 
why gold, which had a lower atomic volume than sodium, should 
not have traversed the "galleries" left in the glass hy the 
sodium. · 

The summer meeting of the Institution will he held in 
Glasgow, commencing Tuesday, July JO. 

THE ROYAL CO"lfi1USSION Q.,\ 

I=" July 1890, a Royal Commission was appointed t<l inquire 
and report '' what rs the effect, rf any, of. food from 

tuberculous animals on human health; and rf prejudtcral, what 
are the circmnstances and cnmlitions with regard t<> the tuber-
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