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In looking back over some of the Presidential addresses which 
have been read before the members of this Institute, I find that, 
although there has been a considerable latitude in the choice of 
subjects and a very wide range has been covered, and though in 
a few cases the addresses have been practically papers on technical 
subjects, they have usually taken the form of a review of the. 
progress of some branch of engineering, of the work of the 
Institute, or both. 

Since last we enjoyed the privilege of meeting here we have 
crossed the threshold of the twentieth century ; and the nineteenth 
now lies behind us—a century to be remembered as unique in 
the history of the world for glorious progress, and rapid develop-
ment. 

At such a time it seems more than fitting that some reference 
should be made to the progress of engineering during the century 
which has just closed. 

But the close of the nineteenth century has had another and 
peculiar interest for those who live in Australia, which demands 
at least a passing word ; for with it have passed away for ever 
those artificial boundaries which some in less wise times had 
built up between State and State. Boundaries which have been 
the occasion of many disputes ; which have caused those whose 
great abilities should have been devoted to stimulating and helping 
forward a national progress to waste their energies on ignoble 
intercolonial strife. Strife which foi tunately had not developed to 
a very dangerous degree, but which slowly and surely was. making 
itself felt, not only in the political atmosphere, but also • in the 
daily thoughts and feelings of the various communities. Legis-
lation was enacted that had for its object the aggrandisement of 
one State at the expense of others, a policy which, if consistently 
pursued, must assuredly estrange and ultimately engender in the 
minds 'of the various communities those bitter feelings which 
might at any time develope a more hostile shape, and against 
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which the thin unreal walls of partition between State and State 
would prove but a poor protection 

But with the dawn of the twentieth century those clouds have 
passed away, and the atmosphere is clearer and more invigorating. 
Those who pulled at variance in the past will pull together in the 
future. Social and national problems can now be solved, which 
singly we were incapable of handling. Men's minds will expand 
with the necessity for, and exercise of, broader and more generous 
principles ; and with larger hopes and nobler aspirations, will open 
up greater possibilities for the future of United Australia. But 
what interest, what part has the engineer had in the solution of 
these great problems, beyond that which he has as a member of 
the community ? Have not these great questions been raised, 
these problems been solved, by statesmen, legislators, and 
politicians, in whose peculiar province they lie ? Has not the 
engineer's life been spent in contact with, and in the study of those 
" cold material laws " which govern inanimate nature, and which 
have no connection with, or influence on, those political and social 
conditions with which this problem is concerned, and on which 
its solution depends ? What were the motive forces which have 
brought about Federation and compelled the politician to pull 
down those artificial boundaries which he had erected in the past ? 
Were they not the recognition of a common interest and brother-
hood, largely brought about by the facilities which a rapid and " 
cheap intercourse between State and State has rendered possible. 

The steamship and locomotive are not, however, the only agents 
which the engineer has contributed to lessen the effective, or time 
distance, which separates us from our neighbours ; the telegraph, 
most potent and subtle agent of them all, was practically born 
with the nineteenth century, though the title of telegraph engineer 
was not coined till considerably later. 

It seems almost superfluous that I should speak of the part 
which the telegraph has played in this great problem; the memories 
of the past year must still be fresh in your minds, how in response 
to its impulses, that noblest attribute of human character, the 
capacity to feel and express sympathy, was so often, and so deeply 
touched. The fact that we know of Britain's difficulties and 
reverses in South Africa, almost as soon as they were known in 
the Motherland, and in time to render some effective aid ; stirred 
up in all the British Colonies an interest in, and sympathy for 
her, which could not have been aroused by a tardy mail boat's 
message. 

The recognition of a common trouble, the common desire to 
express an effective and practical sympathy and the fact that our 
men have stood before the world as Australians, united first in 
such a cause, has done much towards placing the seal on that bond 
which should never have been broken, Surely then the engineer 
has taken a substantial, though less noisy part than the politician 
in this great movement. 
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Our Institute is open to membership from all branches of 
engineering, consequently its range covers the whole field in which 
the engineer works. We have civil engineers, mechanical 
engineers, gas engineers, hydraulic engineers, sanitary engineers, 
metallurgical engineers, mining engineers, naval engineers, military 
engineers, and electrical engineers. 

To review the progress which has taken place during the 
nineteenth century in any one of these great branches of engineer-
ing might well occupy a much greater time than is at our disposal this 
evening. And some of them, e.g., mechanical engineering, might 
well occupy us during the whole of the present year if we 
endeavoured to trace out the developments which have taken place, 
in the construction of tools, workshop methods, the treatment, 
examination and testing of materials, the principles of the design 
of machines or other structures, the inspection and testing of 
finished works or machines, such as steam engines or other 
appliances for producing motive power, for the transmission of 
power by water, compressed air, electricity or other means. The 
many and various applications of the steam engine and its 
wonderful influence on the development of manufacturing processes, 
the promotion of rapid transit both on sea and land, and the 
thousand and one daily conveniences which we either directly or 
indirectly owe to its power. 

In all other branches of engineering similar enormous strides 
have been made, slowly but surely a better knowledge has been 
acquired of the underlying principles involved, improved appliances 
and processes have been brought out, and works which were 
impracticable at the beginning of the century now scarcely excite 
comment. 

On the wonderful developments in one branch only need we 
look with feelings of other- than unmixed pleasure. The mighty 
floating fortresses which guard the gates of every maritime power 
are marvels of engineering skill, every branch of which has been 
forced to contribute some appliance, process, power, or improved 
material to make them as invulnerable as possible whilst at the same 
time as disastrously destructive to an enemy. Surely this and 
other developments for a similar purpose are but relics of the 
dark ages, a progressive though more cultured barbarism, clearly 
indicating that man who alone boasts of the power to reason is 
not yet amenable to it, that the processes of evolution have not 
entirely eliminated from his nature the last lingering memories of 
the desire for self-preservation which dominated the feelings of his 
progenitors and left room for the recognition of no other law than 
the survival of the strongest. 

I am sure that we all hope when the progress of engineering 
during the twentieth century comes to be reviewed by the then 
president, of what will probably be the Victorian Branch of the 
Australian Institute of Engineers, that he may be able to refer to 
the beneficial influence which the diversion of the skill, enterprise 
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and money expended during its earlier years on instruments and 
processes for destruction, to other and more Useful channels, has 
had on its subsequent rate of progress. 

I need say nothing further to remind you that a review of any 
one branch of engineering is too large a subject for this evening, 
even of the youngest—the electrical—born when the century had 
passed the allotted period of man's life would be a hopeless task, 
and would leave no time for a consideration of those lessons 
which it teaches and which after all is the more worthy object of 
every retrospect. I shall therefore ask you to look back over the 
nineteenth century and briefly review the progress of the discovery, 
development, and application of some of the more important and 
better known principles involved in the conversion of heat into 
work, and then direct your attention to some of the more 
important lessons which it teaches. 

Whilst we are proud of the great progress that has taken place 
during the nineteenth century, we must not forget the grand 
legacy which it inherited from those preceding it. We must 
remember that the growth of knowledge takes place in accordance 
with a law something akin to that which Lord Kelvin calls "the 
compound interest law," that in the earlier centuries of this era 
the number of ascertained and clearly established facts was 
exceedingly small, that as each new fact was acquired either as the 
result of observation or experiment it became a fresh incentive to 
research, and a new weapon to aid in it. 

Whether the earth was flat and stationary or spherical and in 
motion was not definitely settled till the time of Galileo, although 
Copernicus had about too years previously revived what was 
subsequently proved to be the true hypothesis. Galileo's discovery 
of the telescope has had a most important influence on the 
progress of some parts of civil engineering ; by its use, the range 
of the theodolite, level, and sextant, have been enormously 
increased ; rendering possible the conduct of more rapid and 
accurate surveys than could have been effected without its 
powerful aid. No clear ideas with regard to falling bodies were 
entertained until the same great discoverer set the matter at rest 
by his experiments at Pisa, though the explanation of the facts 
was left to Newton about a century later. The pressure of the 
atmosphere was not recognised, and the phenomena produced by 
it were attributed to nature's abhorrence of a vacuum until 
Galileo's pupil Torecilli observed that nature's abhorrence was 
limited to about 33 feet in the case of water pumps, and rightly 
divined the cause. 

Newton's discovery of the law of gravitation rendered possible a 
complete dynamical explanation of the motions of the members of 
the solar system, and showed that they were bound together by a 
tie which constituted them a complete unit in the vast material 
universe, and laid the foundation on which all exact astronomical 
calculations are based. The enormous importance of this 
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discovery can hardly be overestimated : the mariner, the surveyor 
and explorer alike depend on the predictions of the astronomer, 
which in turn depend on the rigid accuracy with which this law 
operates. 

Again the relations between matter, force, and motion were 
first clearly stated by the same profound philosopher during the 
latter part of the seventeenth century and early part of the 
eighteenth century. No law has been subjected to such severe 
tests or searching enquiries as the law of gravitation, which must 
long since have been regarded as one of the most certain and 
thoroughly demonstrated laws within the range of human 
knowledge. What more striking or convincing confirmation 
could be desired than the discovery of the planet Neptune by an 
analysis of the perturbations of Uranus by Mr. Adams in England 
and M. Leverrier in France. But the influence of the discovery 
of the law of gravitation did not end with astronomy—it gave a 
new impetus to the study of mathematics which was in consequence 
rapidly devéloped, Newton himself taking no mean part in this 
work. The enormous assistance which this development of 
mathematical methods has subsequently rendered in the prosecu-
tion of all branches of physical enquiry is so far reaching that its 
effects cannot be adequately gauged. 

Although prior to the advent of the nineteenth century some 
little experimental knowledge had been acquired concerning heat, 
the observed phenomena were but imperfectly understood. In the 
latter half of the seventeenth century Boyle had determined the 
relation between the volume and pressure of gases at constant 
temperature ; and in the latter half of the eighteenth century 
Black discovered the principle of latent heat, and thus by proving 
that the quantity of heat in a substance was not necessarily 
proportional to its temperature showed the fallacy of regarding 
the thermometer as an instrument for measuring heat. He made 
a determination of the latent heat of steam which he gave as 81o, 
but this value was soon corrected by Watt to 96o, which is a very 
close approximation to the value now accepted. 

But the eighteenth century was not to close without another 
and still more important discovery in the science of heat. Count 
Rumford's classical experiments on heat evolved whilst boring a 
metal cylinder with a blunt tool, formed the subject of a paper 
read before the Royal Society in 1798, and may be regarded as 
the laying of the foundation stone on which the modern science of 
thermodynamics has been erected. The old ideas built on the 
supposed material nature of heat were shown to be absolutely 
incompatible with, and totally inadequate to account for, the 
observed phenomena. Rumford very pertinently says "The 
source of heat generated by friction in these experiments appears 
evidently to be inexhaustible," and later on he says, " and it 
appears to me to he extremely difficult, if not impossible, to form 
any distinct idea of anything capable of being excited and com- 
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municated in these experiments except it be in motion." With 
the eloquent testimony of such experiments as these, and the 
subsequent experiments by Davey on- the melting of ice by friction 
in an atmosphere at the temperature of melting ice; illuminated 
as they were by the clear and concise reasoning of these great 
philosophers, it is difficult indeed to give credence to the fact that 
the fluid theory of heat should mislead conservative Cambridge 
as it did for another half century. 

The steam or fire engine," as it was then called (a name 
which more truly described it than the inventors were aware), 
was made a practical working machine at the close of the , 
seventeenth century by Savery ; one of whose engines deliver-
ing about 5 water horse power consumed about 30.5 lbs. of 
coal per water horse power hour. The improvements effected 
during the next half century involved the recognition or 
embodiment of no new principle ; all were worked by atmos-
pheric pressure and the steam was simply a• convenient 
agent to assist in the production of a partial vacuum. It is 
true mechanical improvements were effected- by the introduc-
tion of the cylinder and piston early in the eighteenth century, 
which extended the sphere of usefulness of the steam engine 
considerably. During the latter half of the eighteenth century, 
Watt gave his attention to the steam engine, and after very care-
fully studying its action and as much of the science of heat as 
was available at his time, he succeeded in mastering some of the 
conditions essential to economical working. He introduced the 
separate condenser, to obviate the enormous loss of heat, conse-
quent on the alternate heating and cooling of the cylinder which 
took place in the Newcomen engine. The steam jacketting and 
lagging of the cylinder were introduced to still further diminish 
losses by conduction and radiation. He further introduced the 
air pump to maintain the vacuum in the condenser, the expansive 
working of steam in the cylinder, the double acting engine, and 
the steam indicator. 

The work of Watt is of especial interest, as he appears to have 
been the first to endeavour to put to a practical use (and in this 
endeavour he was eminently successful) the knowledge which he 
had previously acquired of the science of heat, and to have 
supplemented or increased that knowledge by direct experiment 
and personal investigation. Some of the more important of his 
experiments were those on the latent heat of steam, the ratio of 
the volume of steam to that of the water from which it is pro-
duced, the economy effected by the expansive working of steam, 
and the importance of maintaining a low condenser temperature 
so as to minimise the vapour tension of the water in it. This 
latter, viz.—the importance of maintaining a low condenser 
temperature-is frequently neglected at the present day, and the 
air pump as left by Watt has received little if any improvement 
in principle until quite recently, when Mr. Edwards brought Out 
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an air pump in the design of which an intelligent appreciation of 
the physical principles involved, and the ends to be attained, is 
evident. 

Watt was imbued with the spirit of a true engineer, who 
recognises the absolute necessity for measuring the quantities with 
which he deals. His experimental determinations of the temper-
ature of steam at different pressures, on the losses due to 
conduction and radiation from the cylinder, and on the latent 
heat of steam, show how fully he appreciated the importance of 
measurement and how close he came to realising the fact that 
heat, and not steam, was the real source of the energy which his 
engines converted into a useful form. His invention, and applica-
tion of the indicator to determine the action of steam in the 
cylinder, emphasises how thoroughly he had grasped the essential 
points in the . problem before him, and how carefully and 
assiduously he applied his kuowledg of the physical principles 
involved to its solution. 

This, then, is a rough outline of the position of the steam 
engine and of that part of the science of heat relating to it at the 
opening of the nineteenth century. The previous invention of 
the two-cylinder or compound engine, by Hornblower, cannot be 
regarded as introducing a useful principle at that period, for the 
small range of temperature variation would hardly admit of a 
material improvement in the economical use of steam by its 
means to compensate for losses due to greater complication of 
working parts. 

The underlying principle which so far appears to have 
dominated the minds of engineers was the utilisation of atmos-
pheric pressure discovered by Torricelli. The application of the 
science of heat was confined to attempts to diminish the cost of 
producing and maintaining the vacuum. Still the labours and 
achievements of Watt clearly showed the advantage to be derived 
from the study of heat and its application to the design of the 
steam engine. 

The splendid results of the researches of Rumford and 
Davey gave a fresh impulse to the study of heat, which 
entirely revolutionised that science and made it, instead of the 
statement of a number of isolated experimental facts, a thoroughly 
connected science—a science on which the nineteenth century 
engineer could base his arguments, fully assured of the stability 
of the foundation on which he built. Important discoveries 
followed each other in rapid succession. 	Charles' law was 
published in 18o1 ; the economy resulting from Wolf's applica-
tion of high pressure steam in 1806, Carnot's principle 
in 1824, Stirling's invention of the hot-air engine in 1827, 
Joul's determination of the mechanical equivalent of heat 
in 1843, and subsequently of the convertibility and equivalence 
of all physical forces; the results of Regnault's elaborate investi-
gations on the physical properties of steam in 1847, which have 
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ever since been constantly in the hands of engineers all over the 
world ; and the labours of Clausius, Rankine, Thomson and 
Maxwell in the realm of thermodynamics about the year 185o. 

The influence which the discovery and recognition of these 
great generalisations, expressed by the law of the conservation of 
energy, and the correlation of forces, have had on the progress 
which has taken place in all branches of physical science and 
engineering during the latter half of the nineteenth century is too 
multiplex to admit of expression. The mind of every student of 
physical science seems permeated with these great truths, the 
expression of laws, whose very existence and operation we have 
only learned to recognise during the last brief century. But 
laws in accordance with which the inflexible purposes of the 
Creator have been carried out in the past, long before the pre-
historic man formed those rude implements which alone remain 
to tell of his existence on, and disappearance from, the earth ; 
long before the time when, in obedience to their mandates, great 
glaciers carved indelible records of their progress on mountain 
sides that now stand in what we call the temperate zones of the 
earth. Laws in accordance with 'which Nature's operations will 
continue, long after this century is forgotten, long after the time 
when in obedience to the law of the dissipation of energy those 
heat gradients which now exist, and to which we owe so much, 
shall have subsided, and the temperature of this system of ours 
shall not differ greatly from that of its surroundings ; when this 
now warm earth shall, in the icy grasp of general death, continue 
on its course in darkness round an invisible sun, but still work-
ing out its destiny in harmony and compliance with these laws. 

Thus we find that in the early half of the nineteenth century 
the science of heat and the scientific principles of the heat engine 
made much greater progress than had been effected in all preced-
ing centuries collectively. The knowledge that heat was the 
source of energy, and the steam only a convenient agent, and that 
the available part of the energy passed into the engine by that 
agent (assuming a perfect cycle) was determined by its fall of 
temperature between admission and exhaust, and further that each 
heat unit represented the capacity to do a perfectly .definite and 
known amount of work, placed the nineteenth century engineer 
in a very different position to that occupied by his predecessors. 
He was no longer in doubt as to the maximum possible 
amount of work to be obtained from a given quantity of steam 
under given conditions of admission and exhaust, but was placed 
in a position in which his energies could be spent on problems 
that admitted of solution and his time need no longer be wasted 
in striving after the unattainable. It was the fortunate follower of 
Rumford, Carnot and Joul, who was thus first able to state 
clearly the physical conditions that must be complied with, and 
was therefore placed in the enviable position of having a definite 
mechanical problem to solve, though one by no means free from 
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difficulties of the gravest nature. The necessity for a high initial 
temperature was as apparent as now, as that of a low condenser 
temperature had been to Watt, and engineers quickly strove to 
increase the temperature limits between which their energies 
worked. The upper limit in the case of the steam engine could 
only be raised gradually, depending as it did on the permissible 
steam pressure which was restricted by 'the strength and quality 
of materials available for boiler construction. 

An endeavour to obviate the difficulties attendant on the use of 
the steam boiler was made by the introduction of the hot air 
engine. It was anticipated that the much higher initial tempera-
tures (from 800° to t000° Fah.) would place the hot air engine in 
a position superior to that of the steam engine with respect to 
the economical use of fuel. But it was soon found that the 
physical properties of the materials available opposed a more 
serious bar to its progress than that imposed in the case of the 
steam engine. Difficulties of lubrication and rapid destruction of 
the hot end of the cylinder, together with others of a mechanical 
nature, prevented this rather hopeful looking engine_from becom-
ing in any sense a rival to the steam engine. More recently the 
introduction of the internal combustion, or gas engine, has 
enabled very high initial temperatures to he employed successfully. 

It is generally assumed that the temperature of the ignited 
gases in the cylinder rises to about 2700° Fah. absolute. Working 
between this temperature and that of the atmosphere, a possible 
efficiency of about 8o% should be obtainable according to 
Carnot's doctrine. In accordance with the same principle, the 
hot air engine should admit of an efficiency of about 6o%, a 
modern high presssure steam engine taking steam at an initial 
pressure of 25o lbs. absolute and exhausting into a condenser at 
too° Fah. 35%,  and Watt's atmospheric engines of the eighteenth 
century working at 17 lbs. absolute and exhausting into a 
condenser at too' Fah. 17.7%. 

Can we wonder then that the gas engine has received so much 
attention at the engineer's hands when the possibilies which it 
offers, are so great compared with those offered by the steam 
engine. It must not however he forgotten that these are the 
efficiencies which could be obtained by a reversible engine and 
that the imperfections in the actual working cycles of all existing 
engines roughly reduce these figures to about half the values given. 
In common with steam and hot air engines the gas engine has its 
efficiency circumscribed by the physical properties of the material 
of which it is constructed. The cylinder must be maintained at 
a temperature low enough to admit of efficient lubrication and 
therefore must be surrounded by a water jacket, or other equivalent 
device for getting rid of the heat abstracted from the hot gases. 
In practice it is found that from 5o to 6o% of the total heat of 
combustion is lost in this manner. 

We thus see that although the types of heat engine in which a 
cylinder and piston are employed are the main producers of our 
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motive power, all the practical forms which it has so far assumed 
have their efficiencies seriously curtailed by the properties of the 
materials of which their cylinder walls are composed. We want 
materials that whilst possessing the strength and hardness of iron 
or steel are either incomparably better conductors, or non-
conductors of heat. If the former were available the steam 
cylinder jacket would be almost perfect in its action, and if the 
second were available there would be no need for the jacket at all 
and the whole range of temperature variation could be effected in 
one cylinder. Similarly for the cylinders of hot air or gas engines 
we want a material that will whilst working at a temperature from 
2000° to 3000° Fah. retain the strength, durability and permanence 
of form now obtained by the use of cast iron at present temper-
ature and further an effective lubricant at the higher temperatures. 

The study of the science of heat has shown us the physical 
conditions which are favourable to the production of an efficient 
heat engine and has done much towards rendering possible the 
present high state of development which has been reached. But 
a great deal still remains to be done by the constructor who must 
look for materials possessing the requisite properties, or else must 
invent or develop new designs for heat engines in which the 
properties of known materials will not exercise so prejudicial an 
effect. And in the meantime he must be content to employ 
expedients which will minimise the injurious effect attending the 
use of the materials now at his disposal. 

In the case of the steam engine many expedients have been 
already introduced to lessen the objectionable action of the 
cylinder walls. One of the best, under some conditions, in use at 
the present day is the cylinder steam jacket invented by Watt. 
The use of multiple cylinders by which the total fall of temper-
ature is effected in stages thus limiting the actual varaition of 
temperature in any one cylinder as desired, the application of 
superheated steam, the employment of a higher rotative speed, 
and last but by no means least the careful provision for rapid and 
complete cylinder drainage have all been used with more or less 
success. 

But quite apart from these methods of diminishing the losses 
attendant on cylinder condensation in the steam engine others 
have worked on the principle that prevention is better than cure, 
and have endeavoured to design engines in which the physical 
properties of common materials do not cause such a prejudicial 
effect. The two most important examples at present on the 
market are the steam turbines of Messrs. C. A. Parsons of 
England, and Dr. DeLaval of Sweden. In the former the steam 
enters at one end of the engine and is discharged at the other, the 
inlet and exhaust thus being at the greatest practicable distance 
apart. The temperature of the admission end approximately 
corresponds with that of the steam entering it and at the exhaust 
end with that of the steam leaving it, and the fall of temperature 
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between these two points takes place gradually. If this type of 
engine is worked on the throttle valve or at over load so that the 
peculiar system of governing adopted by Mr. Parsons does not 
come into action there will be no change of pressure or temper-
ature at any given point along the length of the turbine, and 
consequently no heat exchanges between the metal and steam. 
But as the water formed at any point owing to, the work done 
there by fall of temperature must pass through the cooler parts 
of the turbine where the pressure is correspondingly less, a partial 
re-evaporation will take place coincident with the condensation of 
other portions of the steam. But these changes in the steam and 
water will not cause a loss of energy. When the turbine is 
running normally on the governor the steam is admitted in a series 
of blasts of a greater or less duration, according as the load is large 
or small. But the number of revolutions per blast is determined 
by the gearing of the engine and remains constant. Under these 
conditions the pressure and therefore temperature (though to a less 
extent owing to the intimate connection between the steam and 
metal) at any given point along the turbine is subject to variation 
with its attendant condensation and evaporation much in the same 
way as obtains in the piston engine, but with this important 
difference. The turbine is practically a compound engine having 
from 5o to loo or more cylinders through which the steam passes 
in series ; hence the steam resulting from the re-evaporation of 
water at any point must pass through and perform useful work in 
all subsequent rings of blades and it is only the evaporation which 
takes place from the last row of blades that can carry heat directly 
to the condenser without performing useful work. It must be 
borne in mind that the fall in temperature in the last row of blades 
is only a small fraction of that which takes place in the low 
pressure cylinder of a piston engine, which during the period of 
exhaust, exposes its hot, wet and large internal area to the cooling 
influence of the low condenser pressure and temperature. 

In the De Laval turbine, a hold attempt has been made to 
attain the same ends by a somewhat different process. The 
steam is allowed to issue from divergent nozzles and impinge at a 
suitable angle on a single ring of blades arranged on the periphery 
of a disc which is directly attached to the main shaft for trans-
mitting the power through suitable gearing as desired. The 
governing of these turbines is effected by varying the number of 
steam jets in operation, by an ordinary throttle valve, or by a 
combination of both. Under these conditions, whilst the turbine 
is working on a constant load the initial steam pressure at the 
nozzles does not vary, and the steam passes through them in a 
continuous blast, the pressure falling from that in the steam chest 
to that in the exhaust pipe over the short length of the diverging 
nozzles. The diverging nozzles are designed so that the expanding 
steam may have the whole of its available energy between the 
upper and lower temperature limits converted into a rectilinear 
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velocity of the issuing jet. The exceedingly short time that•the 
steam is in contact with the diverging nozzles precludes the 
possibility of any appreciable heat exchange, and expansion may 
be considered to take place adiabatically. As the temperature 
gradient is in one direction only the steam or water resulting from 
work done will not again come into contact with any part a higher 
temperature, and there will be no heat Tosses analagous to those 
which take place in piston engines due to initial condensation and 
ultimate re-evaporation. The steam jets of the De Laval turbine 
are probably very efficient heat engines, i.e., the velocity energy of 
the issuing jet is probably a high percentage of that represented 
by the fall of temperature in accordance with Carnot's principle. 
But, 'unfortunately, the energy of the high velocity steam jet 
cannot be as conveniently or efficiently transferred to the driving 
pulley as that from its analogue the moving piston can in the 
case of the ordinary cylinder steam engine. Probably a by no 
means inconsiderable proportion of the energy represented by the 
rectilinear velocity of the steam jet becomes again transformed 
into the irregular motion of heat by friction, internal and otherwise, 
in passing through the vanes of the turbine, and so is lost. 

In the De Laval turbine, the difficulty encountered is mainly 
the mechanical one of efficiently utilizing the velocity of the 
steam, which is the result of the work done in the nozzles or 
heat engines proper. Whereas in the piston engine the difficulties 
are mainly of a thermodynamic nature, only a small part of the 
available heat energy being actually transferred to the piston 
which, however, can transmit that energy without much loss to 
the driving pulley. 

The consumption of steam per horse power hour is much the 
same for the best types of piston engines and steam turbines of 
similar capacity, though the difficulties met with and the sources 
of loss are widely different in the two cases. 

It is not my intention to introduce, or discuss, the un-
answered questions and unsolved problems in the conversion of 
heat into work ; but .shall be content with having directed your 
attention to the discovery, development, and application of those 
laws which are so well known and thoroughly assimilated, as to 
now be regarded by many, as emanations from what they are 
pleased to call their common sense, and to he in no way dependent 
on abstract science 

Prof. Perry, in his most admirable presidential address to the 
members of the Institute of Electrical Engineers, London, quotes 
Huxley's definition of science as " Organised common sense;" a 
definition which seems to me to obscure rather than reveal the 
true meaning of the tern, which is self explanatory. 

Is not "common sense" the power to judge aright, which we 
acquire by that early training or constant contact with a subject 
which enables us to see the conclusion without in each case 
logically reasoning-it out from the premises? If so, " common 
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sense " must be that part of the accumulated knowledge and ex-
perience acquired in the past which is available without calling 
for a special effort of reason, and was therefore preceded by 
science and might with more propriety be regarded as science 
shorn of its logical scaffolding, or as disorganised science. 

The development of the appliances for the conversion of heat 
into work has taken place so uniformly with the progress of the 
science of heat, that the intimate relation which exists between 
science and this branch of engineering at least, is at once appar-
ent. True the first steam engines employed for practical purposes 
were designed at a time when litt'.e was known of the science of 
heat, and its function in the steam engine was not recognised. 

But from the time when Watt, who was an earnest student of 
science, gave his attention to the steam engine the importance of 
the science of heat and the application of its teachings to the 
design of steam engines had to be recognised. For the duty of 
the steam engine was raised roughly 3oo7°  by the labours of 
that one scientific mind, an argument that appealed forcibly to 
engineers even at that early date. Watts' insistence on the 
necessity for testing the duty of every engine had a most benefi-
cial effect on designers and constructors, who were thereby 
compelled to pay that attention to small details on which the 
efficiency of all types of engines so largely depends, and which is 
not so generally recognised to-day as it should be. 

I am informed by a member of this institute that he has a fairly 
large steam engine designed and constructed in Melbourne in 
which the clearance is I5°/0  of the swept volume of the cylinder. 
Surely such an engine could hardly pass if subjected to tests, 
similar to those applied by Watt more than a century ago. The 
great improvements which have been effected in the steam engine 
since the time of Watt, have been largely due to developments of 
those features which he introduced, and which the rapid progress 
of the science of heat showed how rightly to apply in order to 
obtain the best effect. The advantages to be derived from the 
expansive working of steam in the cylinder were clearly stated by 
Watt, but the reason for this higher duty and the possible limits 
were given by Carnot. The modern triple and quadruple expan-
sion engines are designed primarily to enable the higher ratio of 
expansion to be used ; but the employment of multiple cylinders 
is a result of the recognition of the fact that saturated steam 
cannot do work expansively without a portion of it being con-
densed to water, the subsequent evaporation of which in the 
cylinder has such an injurious influence on the economical work-
ing of the engine. Again, higher initial steam pressures have 
been introduced with a view to enabling the expansive working 
to be carried to the furthest practicable limit, but the researches 
of Carnot, Joul and Regnault have shown us that the duty obtain-
able from steam increases at a diminishing rate as the pressure 
rises, and that other losses which increase with the temperature 
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and pressure may ultimately neutralise the advantages which 
might otherwise be obtained by the use of still higher pressures. 

The steam jacket, also introduced by Watt, is still employed in 
all good slow speed steam engines not using superheated steam. 
But the true function of the steam jacket, and the conditions under 
which its use is advantageous or otherwise, have been explained 
by the science of thermodynamics. In all probability Watt and 
his contemporaries never dreamt that a considerable part of the 
work done by the piston after steam was cut off and expansion 
had begun, was transmitted through the cylinder walls and was 
actually derived from the jacket steam. 

Though Carnot showed that the temperature limits alone 
effected the efficiency of a perfect heat engine, and that the 
physical properties of the agent had no influence on it, all early 
attempts to employ agents other than steam were comparatively. 
unsuccessful. The small heat capacity of air. and other gases 
necessitated the employment of a considerable mass even though 
the temperature limits were widely apart, and the cylinders had to 
be made abnormally large or else the requisite mass of gas had to 
be compressed to an excessively high pressure in the smaller 
cylinders. Up to the present time neither of these expedients 
seems to have been successful for engines of any considerable 
size; The internal combustion engine is the only substantial 
competitor of the steam engine at the present day, and it has 
been developed by men who are well acquainted with the 
modern science of heat. But, like the steam engine, its economy 
is circumscribed by constructional difficulties, and the beneficial 
influence which might be anticipated from the high initial temper-
ature is curtailed by the rapid absorption of heat by the cylinder 
walls and water jacket. It thus comes about, though from 
totally different causes, that the different systems which have 
been introduced for the conversion of heat into work have all 
attained a somewhat similar economy when expressed in lbs. of 
coal per horse power hour. Nor does there appear to be any 
probability of effecting a very material advance in the economy 
until some radical innovation is made in the process of con-
version, such, for instance, as might follow on the discovery of a 
fluid possessing the heat capacity of water, whilst the temperature 
for similar pressures was much greater than is the case with 
steam. Even then serious difficulties would arise in its applica-
tion to piston engines, owing to the absence of suitable lubricants 
and the trouble attending on deformation at high temperatures. 
The only types of engines at present in the market that seem to 
be open to the application of high temperatures are the steam 
turbines, which require no internal lubrication. In this respect 
the De Laval type seems to have the advantage. For in this type 
the fluid at the highest, or initial temperature, does not come in 
contact with any portion of the moving mechanism, which is 
subjected only to the exhaust temperature or final temperature of 
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the fluid issuing from the nozzles. The nozzles which are alone 
subjected to the higher limit of temperature would not be liable 
to deformation, nor if it occurred would it cause the same serious 
consequences as in the cylinder of a piston engine. 

The great fall of temperature between the furnace and the 
boiler fluid is the most serious limitation to the possible economy 
of that class of engines in which the working fluid is heated in a 
different receptacle from that in which its heat is subsequently 
converted into work, e.g., the steam engine and boiler. The 
boiler in itself may be very efficient as an appliance for heating 
water and a large percentage of the actual heat of combustion of 
the fuel may be transmitted to it but the fall of potential in the 
temperature drop between furnace and boiler precludes its 
utilisation in the engine, and we must regard the rejected latent 
heat units carried in to the condenser by the exhaust steam as a 
part of the price we pay for the working fluid. 

I request you to each look back along the line of development 
of that branch of engineering to which you have more especially 
devoted your attention, and notice how consistently the progress 
has marched side by side with the acquisition of a more certain 
and intimate knowledge of those physical laws whose operations 
you endeavour to direct into useful channels. You will notice 
that the progress of engineering has been dependent largely on 
experiment without which we could have no exact knowledge of 
the properties of the materials which we employ, of the operation 
of some of those physical laws which it is our desire to direct, or 
of those previously unobserved phenomena which form the germ 
of future great discoveries, or new developments. Observation 
and experiment constitute the foundations on which all physical 
science is erected and though to a less extent that most abstract 
of sciences, mathematics, as well. For it is doubtful whether 
correct ideas of form, direction, or dimension could be acquired 
without the faculty of sight or observation. 

Properly conducted experiments, whether in the laboratory or 
in the workshop, whether on models or the largest structures, 
come as truly within the domain of science as the most abstruse 
deductions which can be drawn from them. But we must remember 
that isolated experiments can only give us information with respect 
to the particular apparatus employed or others identically similar, 
and that before we can reason from the particular to the general a 
sufficient number of experiments must have been made to enable 
us to determine the relation between the magnitude of the effect 
produced in terms of that of the quantity which we have arbitrarily 
altered. If the experimental investigation has been too limited 
we may only be able to deduce an empirical or tentative statement 
of the relation, and we must not endeavour to apply it to cases 
widely different from those included within the limits of our 
experimental research. 

It matters not which branch of engineering we examine the 
close interdependence of science and practice (or experiment) is 
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as strikingly in evidence. But in no branch of engineering is it 
more so than in that with which I am mure intimately connected 
viz : the electrical, and from which I will quote one or two further 
illustrations. 

Electrical engineering, though young, has had a vigorous youth, 
thanks to the high state of development to which its parents, 
physical science and mechanical engineering, had attained. It was 
introduced at a time when everything was ready. The science of 
electricity had been placed on the surest of foundations by the 
labours of Faraday, Thompson and Maxwell, and the mechanical 
engineer was well equipped with all that was necessary to enable 
him to put in an engineering form, and successfully construct, any 
appliance required. Favoured by such a congenial environment 
it could hardly fail to realise the most sanguine hopes of its 
founders. 

The dynamo is the outcome of experimental investigations 
undertaken by that most astute of philosophers, Faraday, for the 
sole purpose of advancing knowledge. But it was at the hands of 
Sir W. Siemens, and Sir Charles Wheatstone, that the dynamo 
first took a practical form, though even then but a philosophical 
instrument awaiting the touch of the Engineer to give it that 
substantial constructional form which should enable it to success-
fully pass the ordeal of continuous hard work. 

No discovery in connection with this branch of engineering has 
had a more important influence on its progress than that which 
we owe to Dr. J. Hopkinson and Mr. Gisbert Kapp, who showed 
that the total magnetic induction through any circuit could be 
expressed as the ratio of the total magneto motive force to the 
sum of the magnetic resistances of all the parts in series of which 
the circuit was composed. The recognition of this physical truth 
enabled the electrical engineer to at once dispose of the iron and 
copper of which his dynamo and motors were composed to the 
Lest possible advantage, and the predetermination of the character-
istic curve of a machine from .the drawings, became easy, and 
enabled machines to be constructed to work under any given set 
of conditions as to speed, output, and pressure, with certainty. 
The subsequent elaboration of the law of the magnetic circuit has 
brought the transformer and all types of induction motors within 
its range much in the same way as Ohms extended law can now 
be applied to circuits including capacity, induction, and resistance, 
either localised or distributed. 

To Dr. Hopkinson we also owe the paralleling of alternators 
worked out and shown to be possible, mathematically at first, and 
afterwards proved by a practical trial with the De Meretin's 
machines at the South Forelands lighthouse. The great and 
rapid progress of alternate current working whether single or multi-
phase is entirely due to scientific engineers who have learned to 
appreciate the importance of and absolute necessity for a sound 
knowledge of the principles of their subject. The phenomenon 
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of resonance, which takes place in circuits possessing inductance 
and capacity, and which under certain conditions may cause 
serious electrical stresses in the insulation of our cables and other 
apparatus, has required for its elucidation the aid of some of 
the ablest mathematical physicists. 

Of the position of electrical engineering at the present day I 
need say nothing. The magnitude of the works successfully 
completed, the very high efficiencies obtained from electrical 
machinery, and the long list of wonderfully accurate and sensi-
tive measuring instruments now at the disposal of the electrical 
engineer are familiar to you all. But as so much has been 
accomplished, we may well ask—what then is the engineer's out-
look ?—what his prospect for the future ? Is Nature robbed of 
all her secrets ? Are her store-houses empty ? Need we, like 
Alexander of old, weep because there are no more worlds . to 
conquer? Surely not, for is not each new discovery an eminence 
from which our view becomes extended, a vantage point from 
which we see old difficulties and find them less, and from which 
fresh problems may be discerned. Are not the weapons which 
we use, both intellectual and physical, becoming daily keener, 
and is not our field extending ? Each new conquest but pushes 
our horizon further out and extends the fighting line ; thus making 
fresh demands for an ever-increasing army of workers. 

But what are the rewards—what the inducements offered ? The 
engineer is ever a practical man, with a natural bent towards 
utilitarian pursuits, and will always be solicitous concerning the 
price of his labour. But being a practical .man, he is not 
much given to prophesying beyond the limits of recognised 
natural law. What is history? Is it not a record of the 
consequences of the operation of natural laws, some of which, 
truly, are not formulated yet, but are none the less exist-
ent? And what does history say. What does the history of 
engineering during the nineteenth century tell us ? Has 
not the engineer been paid a thousandfold for all his troubles. 
We need only look around us at the luxuries which we all enjoy. 
Water, gas, and electricity are laid on at our homes. We can 
live in suburbs rendered healthy and sweet—thanks to the pro-
gress of sanitary engineering. We can ride to and from those 
homes quickly and in comfort, and the same splendid system of 
locomotion enables us to traverse distances in a fraction of the 
time which the journey would have occupied at the beginning of 
the century. The crossing of the oceans is effected regardless 
of wind and weather. Mails between the old and new worlds 
are transmitted and delivered with almost perfect regularity. We 
are in daily, almost hourly, communication with all parts of the 
world by telegraph ; and over considerable areas from house to 
house by telephone. The paper which brings us daily news, 
which forms the numerous magazines and books so cheaply 
bought, the very clothes we wear, are all made by machinery, and 
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are either directly or indirectly due to the triumphs of • the 
engineer. And " History repeats itself." 

Great problems will be solved and grand discoveries made, but 
not without the same patient toil and diligent study which has 
accomplished so much in the past. 

The engineer must always be observant, must endeavour to 
retain a non-crystalline and recipient mind, and must carefully 
and intelligently watch the progress of all branches of physical 
science, and must be ever on the alert to pick up and turn to a 
practical account the discoveries which are made. He must not 
sit idle until those discoveries have been expressed so simply 
that their application is patent to all, but must come to their ex- 
amination with a well equipped and keenly analytical mind 
wholly unfettered by prejudices, and illuminated to some extent 
by that intuitive faculty which may earn for him the epithet of a 
visionary. He must remember that the real progress which has 
been attained in the past has been by the development of ideas, 
the germ of which in most cases can be traced to that intuitive 
insight of a genius which -enabled him to see beyond the then 
recognised horizon. 

Who but Faraday, ever dreamt that the tiny spark which he 
observed, when an iron bar wrapped with a coil of insulated wire 
was suddenly withdrawn from the pole of a magnet, would in less 
than one brief century be developed into the most approved system 
of lighting and stand without a rival for all powerful searchlight 
purposes. For anyone to have suggested such a development 
during the thirty years which followed the discovery would but 
have brought a look of pity to the faces of his hearers, who might 
well have asked what interest has such scientific play for practical 
men ? 

How many engineers, five years ago, even those thoroughly 
conversant with the science of electricity, would have admitted 
that Faraday's experiment, on the rotation of a beam of light 
passing through a block of heavy glass between the poles of a 
powerful magnet, was likely to be of any practical use to them ? 
Yet that experiment, which seemed so utterly dissociated from 
everything ` known at the time, and which is one of the most 
remarkable illustrations of the penetrating vision of genius, started 
and stimulated the giant intellect of Maxwell on those researches 
which ultimately led to his propounding the electro magnet theory 
of light, a work—another step in progress—which was worthy of 
Maxwell's genius. Another brief pause, the labours of another 
genius, and Germany's Maxwell, Heinrich Hertz, by wonderful 
simple experiments, proved the visions of Faraday and Maxwell to 
be substantially correct. And now at the hands of Lodge, 
Marconi and others a system of wireless telegraphy has been 
initiated in which the electro magnetic waves of Maxwell are the 
all important factor. A period of over sixty years, the labours 
of three of the profoundest philosophers the nineteenth century 
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has known, and the vision of a genius becomes the working field 
for the engineer. 

Who, with such lessons as these before him dare, say what will 
be the outcome of some of those investigations .which are now 
being carried out in that fairyland of science, the borderland of 
physics. To those beautiful and wonderful researches initiated by 
Professor Crookes on the ultra gaseous or radiant state of matter 
which have been pushed forward by so large a number of able 
experimenters since, we virtually owe the incandescence electric 
lamp and that powerful weapon, now almost indespensable to the 
surgeon, Röntgen radiation. What further is in store the boldest 
may well hesitate to conjecture. Dalton's atoms are being 
disintegrated by Prof. J. J. Thomson, who finds that the 
elementary corpuscles which go to make up the atom of various 
substances all possess the same mass and carry the same negative 
electric charge. Prof. Thomson suggests that mass and electric 
charge may be related and that these corpuscles, whose mass is 
only about the 1/1000 part of that of a hydrogen atom may be 
the elementary parts of matter. If so, will these corpuscles on 
further investigation be found to be indentical in all respects, and 
thus again revive that suggestion of Lockyer's that there is but 
one kind of matter, the different forms in which it is presented to 
us being dependent on different aggregations of the primary 
constituent? To speak of the "Philosopher's Stone" or the 
"transmutation of metals" surely seems less absurd now than it 
used to, for may we not anticipate that some day the re-union of 
these corpuscles will be controlled and so determine the resultant 
form of the matter produced. 

In another and no less fascinating realm, we find Michaelson, 
Morley, and Lodge, together with a number of others, endeavour-
ing to determine the nature of the connection which exists 
between gross matter such as is tangible to us, and that subtle 
and all pervading something which we call ether. Whilst a 
current of electricity is flowing through a conductor (to use the 
colloquial expression), we know that the space surrounding it is 
endowed with new properties and we call it a magnetic field. 
This magnetic field is produced with almost equal intensity in 
the most perfect vacuum obtainable by man at present as in 
air at atmospheric pressure. From this, and from the fact that 
magnetic disturbances are propagated through space with a 
velocity akin to that of light, it is inferred that both these 
phenomena are due to disturbances of the same medium—the 
ether. We also know that when a conductive current including 
an electro-motive force is closed that the electric current rises 
gradually (though in most cases the practical maximum value is 
obtained in a small fraction of a second), and that during the 
time in which the current is rising the battery or ..other source 
of E.M.F. employed is doing work in addition to that expended 
in producing heat, and that this work is recoverable and has been 
stored in the space, or magnetic field, surrounding the conductor. 
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We further know that if a part of the conductor is encircled by 
certain materials, notably iron, that the quantity of energy which 
is stored up per cubic centimetre of that part of the space 
occupied by the iron is enormously greater than before the iron 
was introduced. There are reasons for believing that the part 
played by the iron is somewhat analagous to that of the mass of 
a fly-wheel, and that the ether is either loaded or else rendered 
much denser by the presence of the iron. In all our generators 
and motors the stress between the armature and field magnets is 
transmitted through the space between them and there again the 
air is practically imperative, The pull, or attraction, between a 
magnet and piece of iron is in like manner in some way due to 
a stress in this sanie ether. We thus see that we are surrounded 
by examples in which the interaction between ether and matter 
is abundantly apparent, but we must not forget that in all these 
cases the ether has first been magnetised. Other examples in 
which electro static forces are called into play need not be 
mentioned, those already given will suffice. 

The questions which philosophers are now endeavouring to solve 
are :—Is there any relative motion of the earth with respect to the 
ether near its surface, and does the motion if any, or every kind of 
matter, cause the ether near it to move ? If the ether is absolutely 
at rest, we can then carry out experiments on the effect of such 
relative motion when the velocity is very great, being the vector 
sum of the proper motion of the solar system, the orbital velocity, 
and the rotational velocity of the earth. At present no certain 
evidence of any such relative motion can be detected. If such 
a motion could be detected, and was found to exert a force on 
matter, it is not inconceivable that the engineer may draw on 
those vast stores of energy represented by the earth's rotation 
and its absolute velocity, with respect to the ether. 

I do not, however, suggest this as a safe field in which specu-
lative engineers can invest their capital at present, for it may be 
that these vast store-houses of Nature's energy are guarded like 
Eden of Old, to forever prevent the trespass of sacriligious man. 
We have heard of laws to restrict neighbours from drawing too 
largely from Nature's gifts in river water, but need not yet con-
cern ourselves with laws restricting the use of the earth's energy 
of motion so as to preveut the too rapid lengthening of our days 
and nights, or undue shortening of the seasons. 

On the other hand, the engineer must not allow unearthed 
treasure to lie idle because his intellect is too dull to see, or his 
imagination too slow to suggest, a use. 

The tiny spark observed by Faraday, the germ of our present 
dynamo, lay exposed to view unnoticed by the engineer for thirty 
years waiting for one who possessed the faculty of observation, 
and who recognised that that realm which is regarded as belong-
ing to the physicist to-day is the territory which must be invaded 
by the engineer to-morrow. 
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