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matters pertaining to sanitation, and whose opinion 
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Also Agents for the Dominion lor Sturtevant Pressure lilowers. Exhaust Fans,
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When K
i! you have any trouble with your

STEAM BOILERS, or any difficulty with 
your STEAM ENGINE or HEATING 
APPARATUS, or want advice regarding 
any matters whatever in connection with 
your STEAM PLANT, do not hesitate to 
write to our Chief Engineer and tell 
what you need. He may be able to help, 
and his services in such things are always 
at the command of those insured with us.
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The Royal Electric Co.
MONTREAL, QUE.

Western Office, TORONTO, ONTARIO

J J ave just completed New Manufacturing building providing additional 
floor area of 40,000 square feet, and have secured the sole right for 

the manufacture and sale in the Dominion of Canada of the celebrated

“S. K. C." Two-Phase 
Alternating Current System!

AS MANUFACTURED BY THF.

STANLEY ELECTRIC MFG, Co.
Pittsfield, Mass., U.S.A.

Acknowledged to be the only complete and perfected syst 
and power can be supplied from the

GENERATORS—Have

by which light 
same generator and circuit.

Greatest Efficiency, Extreme Simplicity,Tteïkeguhtion0 l!"lshl'S'

MOTORS—-Self-starting, Simple, Efficient, have 
Perior in many ways to direct

em

Ilf)/
no commutators. Su-

current motors.
TRANSFORMERS—The Stanley Transformers 

others are compared with them, 
regulating, and safest.

are standard ; all 
They are the most efficient, best

*1 -
The manufacture will also lie continued and extended of

Arc Dynamos 
Arc Lamps Railroad Generators

r, . - Railroad Motors
Direct Cut-rent Generators and Motors

Station Equipments and Instruments
Wire

Correspondence solicited for

Isolated Plants, Central Stations, Long Distance 
mission for Light or Power.

SwitchboardsElectrical Appliances.

Trans-

The Royal Eleetrie Co.ADDRESS,

Western Office, TORONTO, ONT. MONTREAL, QUE
F
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MONARCH ECONOMIC BOILERS

REQUIRE NO BRICKWORK, and 
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in are guaranteed to save to % in fuel 
any brick-set boiler; in some cases the saving has °
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“Star Brand”
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UNEXCELLED for UNIFORMITY, FINENESS, 
and STRENGTH

Cvery barrel of “Star” is guaranteed to contain less 
than 5 per cent, residue on a sieve with 10,000 mesh

to the square inch. It is therefore economy to use the 
“Star,” because of its great capacity for admixture with 
sand. 30,000 barrels of “ Star” used in Toronto alone 
during the past two seasons.

“Solid Facts” Pamphlet, giving 
tests, recommendations, and notes on use of Portland 
Cement. .

Write us for our

GOOD shipping facilities hy kail ok water
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PREFACE.t-
L The present number contains papers read before the Engineering 

Society of the School of Practical Science during the session i £94-95.
The Society was organized in the year 1885 by the students then in 

the School, and has gradually grown since that time. Every alternate 
Wednesday afternoon during the session is.se* apart from the regular time 
of the course for the meetings of the Soçiety, so that students may thus 
take advantage of them without sacrificing any of their time.

This number shows a marked increàséf both in size andin the general 
character of the papers contained in it, owr all previous ones, which is, no 
doubt, due to the larger number of graduates, but more particularly to the 
encouragement offered by the Faculty.pf the School to students writing 
papers, as a good proportion of our undergraduates have contributed.

A valuable addition is the discussion which has been printed at the 
end of papers. 1 his discussion has been .obtained in most cases by having 
printed, some weeks before the presentation of a paper, a large number of 
copies of same, which have been distributed amongst the members and 
others interested in the subject dealt with. The present number shows 
that this method of obtaining discussion and thus greatly increasing the 
value of papers is very satisfactory.

Jn sending papers to the Society writers should use only one side of
the paper, and should leave a good margin on the left-hand side of each 
sheet.

.

1,500 copies constitute the present edition, and these will be widely 
distributed amongst the members and others interested.

» April, 1895.
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mv t:;rEr’-It,S imp0SsibIe for me ‘p find words to fully express 
my thanks and appreciation of the honor you. have conferred unon mV

And, if it were not for the support you have given me in the verv 
«I committee you have seen fit ,o eta, , „uld (JLbte 'o undtje 

. egree of assurance, the responsibilities connected with the 
position, especially as I am expected to fill the place just vacated bv 
o the best presidents, as well as the most able chairman, the Society has

however, I will do my utmost 
o cause to regret having elected me to fill the chair

one
as yet had at its head.

With the assistance of the committee 
to give the Society 
for the present year.

I am pleased to see that we have with n= tn n-„ ,

I must also congratulate these gentlemen of the first 
cho.ce of a profession, for, undoubtedly, we have before 
tor our labors than has any other professional

year upon their 
us a greater field

man.
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2 PRESIDENTS ADDRESS.

It will not be necessary for me to dwell upon the object of 
Society, as copies of the constitution, containing this and other information 
relating thereto, can be had from the librarian.

Thanks to the untiring efforts of the last committee, our Society is in 
a first-class financial condition. In addition to this, the roll of last year 
shows a greater number of members, and greater average attendance, than 
in any previous year. These facts, I must say, gentlemen, reflect great 
credit upon the committee of 1893-4.

He cannot expect to be able to make a better showing, financially, 
for the current year, but I sincerely hope that our average attendance will 
show another increase.

The time for our meetings, as most of you are aware, has been granted 
by the council from our regular school hours, and the attendance at these 
meetings is considered as part ,of our college course. Apart from this,

should ijot throw away a chance of 
hearing valuable papers read jtnd participating in the discussion thereon.

Although the paper beftité the Society may not be in our own special 
line of engineering, that is ol^ khe more reason we should want to hear it ; 
for, undoubtedly, the broader we are in our studies, the better will be our 
ability to become thorough as specialists in any of its branches.

Again, as every engincet has, very often in his career, to speak before 
an assembly of some kind, we .should not lose an opportunity to gain con
fidence in speaking, and also of being able to express our views clearly.

I'or this purpose, discussions are entered into after every paper is 
read, thus giving each member.a chance to ask questions and state his ideas 
on the subject under discussion!*/

This is a golden opportunity, gentlemen, and one that should be 
grasped by every one of us; for, remember, we are here among friends but 
three short years, and after that time will have to speak before strangers, 
who will not (if you will pardon my use of a slang expression) “call us 
down ” when we make a mistake, but will mentally, or perhaps through the 
press, note the fact. I therefore repeat what I have already said—do 
miss a chance to become a speaker.

1 o make the discussion of papers more general, and also to make 
our yearly pamphlet more interesting and complete, it was decided at a 
general meeting, held towards the end of last year, to adopt the plan of 
having about 150 proof sheets of each paper struck off and distiibuted 
among the engineers and specialists on the subject throughout the country, 
asking them to discuss the paper in writing and send it in to the Society.
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The paper and discussions thereon will then be 
meeting of the Society, and afterwards printed for the 

1 his plan of securing discussions is, 
satisfactorily in a number

read at the next 
pamphlet.

at the present time, working very

instances,

ne.sra,„7tl",7di'0r and pnl“n* C°mmi,,ee **11» under this 
new system be less arduous, as it will spread out over the whole year and
will not, as heretofore, be limited to a few weeks It will -d 11’
committee have each yea,’, „amphie, ,e,d, f„, distribué at f

of that year, instead of, as at present, the middle of the

interest L 

•he conned ,0 «ranfa honS^y
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ere to become engineers, and should avail ourselves of M 
opportunity to forward our own interests as well 111 of everV
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mechanical, and electrical, as well as architectural work. All members 
have not only the use of the library, but also the privilege of borrowing, 
for a certain number of days, any book contained therein.

I hope you will all take an individual interest in any business that 
may be brought up throughout the year • for, remember, that every motion 
adopted or rejected will have its effect in forwarding or retarding the 
advancement of the Society. You should therefore give every matter of 
business your careful consideration before voting upon it, and by no means 
hurry a motion through without carefully discussing its effect on the 
Society.

4 .
finally, I must ask you to watch carefully the work of the committee 

you have appointed to transact the business of the Society. Give them 
your instructions and see that they are carried out, for by so doing you 
will show them that you are interested in their doings, and consequently 
in the welfare of the Society.

Before sitting down, I wish to refer to the recent appointments made 
in our school, and in the first place to that of Mr. J. A. Duff, B.A., to the 
position of lecturer in applied mechanics.

Mr. Duff, as you are all aware, has been intimately connected with 
Society for a number of years, and has, perhaps, done more to further 

its interests than has any other individual member.
I he Society has been further honored in that three of its most promi- 
members have been granted fellowships. I refer to Mr. A. T. luting 

Fellow in Civil Engineering ; Mr. K. W. Angus, Fellow in Electrical 
Engineering ; Mr. J. Keele, Fellow in Architecture.

It gives me great pleasure, on behalf of the Society, to congratulate 
these gentlemen and wish them
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GRADING

W. L. Innés, O.L.S.. C.E.

1 he “grading ” referred to is for railroad 
will hold true, to a certain purposes, but the remarks

the cuttmgs, side ditches, etc. In some cases, however, it is cheap
«• "bo" ow n tsW” f matCrial’ and make UP the embankment from 

rrow pits. I<or instance, suppose the cuts and fills for some particu-
locality of the line do not balance- that is, suppose it would be

a" fiTS kwouW111 tlhnTatld ma,eria‘ 3 VCry l0nK dis,ance to make up 
• * W0U,d Probab'y be cheaper, under these circumstances

U anywhere convenient to the cut, and make the fill from material near at 
a id to the proposed embankment, as the contractor is usually allowed 

a certain amount per yard for additional haul over a specified distance 
e cuts and fills, under ordinary circumstances, sh mid about balance, 
e, owever, eing taken to add about to per cent, to the calculated 

number of cubic yards of filling, as it would take, ordinarily, about i ' 
cubic yards of earth, as found in the natural bed, to measure . cubic yard 
m an embankment properly made up. y

The contractor is generally paid so much per cubic yard for excavating 
un ess in special cases (an instance of which has already been referred 

to) he is required to deposit it in an embankment ; so that the work is 
only paid for as either an embankment or an excavation, and not as both 
In maktn8 up quantities this should be remembered, and the sum of the 
cuts and fi ls should not be taken as the total, but either of them, if they 
are about balanced, the greater always. ’ y

'I he quantities should always (except in special cases) be measured in
be madeT: ^

U t0 bC ""I bel°W °n the avera8e :—Gravel or sand, 8 
pe cent., clay, to per cent.; loam, ta per cent.; loose vegetable surface 
soil, .5 per cent.; puddled day. a; per cent.; and this i, confirmed by

* *
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6 GRADING.

Mr. Q. A. Gilmore, in his book 
familiar to you all.

I he materials best adapted for embankments are those that will form 
themselves into a firm, compact, and permanent mound in the shortest 
time after being deposited in place. Any kind of earth that is free from 
water, that will be but little affected by water, and that will not retain it 
long—that is, that will allow of the water that falls on it being drained 
away quickly will answer for this purpose very well. Some earths, notably 
certain clays, seem to retain about them a large amount of water,«and 
when exposed in slopes of either embankments or cuttings, especially the 
latter, will be washed down more or less by every rain, and every time a 
frost comes out. Thus new surfaces are being continually exposed, and 
in slopes of this kind of material it is a very long time before they will be 
covered by a growth of grass or other vegetable matter, unless specially- 
treated by one of the methods to be described later. The greatest diffi
culty is always experienced in cuttings, as embankments always afford 
better drainage of the materials. Some other materials of a sandy appear
ance, and of such a nature that, when cut, act more like a liquid tha 
earth, cannot be depended upon to form safe embankments, even after 
having the slope sodded, unless they are of a much less inclination than 
usual, say, two or three horizontal to one vertical. Clean gravel is typical 
of a material neither retaining nor so injuriously affected by water.

An embankment should never be made up of frozen materials, as it is 
almost certain to slide when the frost comes

If the embankment is to be formed

“ Roads, Streets, and Pavements,”on

n an

out.
on a sidehill, and there is any 

chance of it sliding, the surface of the original ground should be broken 
by deep ploughing, or be cut into strips (Fig. r). On sidehill ground,
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GRADING. 7
when it is wet and spongy, or likely to be affected by water, it should be 
thoroughly underdrained, so lhat no water will lodge between the old and 
new banks. This may be done by means of trenches cut longitudinally 
and transversely to a depth of about three or four feet, or to the source of 
the springs, with open joint tiles placed in the bottom, and the trench 
filled with a material that will allow the water to drain away quickly, or by 
any form of convenient blind drain.

When a new line is being built, it is frequently, for various reasons, 
more economical in first cost, besides being much quicker, to build a trestle 
over a ravine, then an embankment. At the end of the life of the trestle, 
it may be desired to make a permanent embankment, after first providing 
suitable openings for any waterways or undercrossings that may pass 
under the bridge. Under these circumstances, the material would be 
hauled to the top of the bridge, on either flat or dump cars, and unloaded 
there. In this way the bulk of the material would fall about the centre of 
the dump, and unless spread out would form a very unstable embank
ment, as the layers would be approximately parallel to the finished slope. 
The sides of embankments should always be kept a little higher than the 
centre, in order to retain the rainfall, and consequently hasten the consoli
dation of the whole mass.

The slopes should be less than that which they will naturally assume, 
in order to give them greater stability. Usually, i| horizontal to i 
vertical is found to answer very well for earth. Sometimes, however, it is 
necessary, owing to the nature of the earth, to decrease this to 2 or 3 
horizontal to 1 vertical. It will be noticed that the inclination at the 
upper end of an old slope is always steeper than at the lower end. Some
thing as shown in Fig. 7. This being the case, it would be worth while 
making them conform more to this shape than to the rigid ii to t slope. 
If done in the first place it will save trouble from this source later, as it is 
almost certain to assume this form eventually, and the extra material 
required at the foot of the slope must be made up from that sliding down 
from the top, thus narrowing the top of the embankment and allowing 
part of the ballast to be lost, unless prevented in the first place as sug
gested. The width of the embankment at the top or formation level 
(Fig. 2) should be enough to prevent the ballast from sliding down the 
slopes and being lost. It should not be less than 16 feet for a single 
track.

In finishing up the top of an embankment, it should be made a little 
higher in the centre than at the sides, so as to hasten the escape of the
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water that falls on the roadbed and settles through the ballast (Fig. 2). It 
is indeed a fortunate thing for all concerned in the welfare of the railroad, 
but particularly so for those who have to do with the keeping up of the 
roadbed, if all the cuttings come in dry, porous material ; but it is equally

r'g-2 !
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unfortunate if, on the other hand, they are in wet, spongy material, easily 
affected by water and containing springs.

for a single track the cutting should not be less than 22 feet wide at 
the bottom (Fig. 3).

8 GRADING.

1 he slopes should be about the same for a cutting as for an embank
ment, that is, ordinarily, ij to 1, and the same remarks regarding lighter 
slopes and giving them a concave shape will apply here with equaj force 
as in the case of an embankment, even though it is usually the aim of the 
contractor to give them a convex shape in cuttings to save work.

In any case, side ditches should be provided, and with as good a fall 
as possible, so as to carry away the water that collects in them quickly, 
and not allow it to soak into the substratum under the ballast, or, if the 
substratum is wet and spongy, to provide it with as good drainage as the 
circumstances of the case will permit. If the substratum remains soft and 
wet, it will allow the ballast to be sunk down into the mud (fora soft and 
wet substratum will amount to, in time, practically nothing more) by the 
action of passing trains, and the mud to work up about the ballast and 
cross-ties, making a soft, springy roadbed which can neither be kept in line 

in surface, and which, if proper drainage is not procured, willnor cause
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GRADING. 9
endless trouble and expense. For the reasons just mentioned, besides 
others, long level crossings are very objectionable.

Drainage about the roadbed is very important, but particularly so in 
cuts. Every time a train passes over a soft, wet roadbed, similar to the 
kind just mentioned, it will shove the ties further down into the mixture of 
mud and ballast, until finally they will be completely buried and the place 
becomes impassable, if not remedied. Two great mistakes are sometimes 
committed in making cuts : first, the cuts are not wide enough at the 
bottom to allow of good side ditches ; the second, the slopes are made 
too steep. These two points should be carefully looked into at each 
or, at the least, for cuts in all the different kinds of material.

If the material of which the slope is composed is wet and contains 
springs, it is not only very likely to slide in cut matter, but even more so when 
the frost comes out. It is very difficult sometimes to know what is best to 
be done under these circumstances, and no rule can be laid down to cover 
all cases, as each must be treated somewhat specially. Some advocate sod
ding the slopes, but this will probably prove of no avail, unless at the same 
time stakes about 2 or 3 feet long are driven into the slope at fairly close 
intervals ; then it is claimed that this will effectually stop sliding in 
Instead of sodding, a thin layer of loam may be spread over the surface of 
the slope, and then seeded down with grass seed ; of course it will be just 
as necessary now, if not more so, to use stakes as before. Anything of 
this kind greatly improves the appearance of the cuts, besides probably 
making a permanent improvement ; but, as a rule, it is a difficult matter to 
-,et the management of a railroad to expend money in this way, although 
they apparently have no objection to sending out a train with a large gang 
of men each spring and fall to clean out cuts of the material that has slid 
down during the half year from the slopes, and this is only a temporary 
relief from the difficulty. It must be remembered, however, that unless 
the slopes are made up approximately in accordance with the shape which 
they will naturally

cut,

cuts.

in time, and as indicated in Fig. 7, and it is veryassume

doubtful if sodding or anything else will prevent sliding in cuts of certain 
wet materials, when acted upon by heavy rains or frosts, unless the slopes 

very slight, which, generally speaking, is not theare case.
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10 grading.

A variety of frost works have been designed and used for retaining 
the foot of slopes in cuts, only a few of which will be mentioned. Dry 
stone retaining wall, or “rip rap” (Fig 4). The stones should be large,
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inand the spaces between the stones should be sufficient to allow the water 

o escape into the s.de ditches and thus carried away. If cement is used, 
np holes should be provided ; otherwise water will collect behind the wall, 

and, when ,t freezes, break the wall. P.les driven about 6 to 8 feet 
très, and backed up with old bridge timber (Fig. 5), make a good retaining
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about 5 feet in height. Perhaps the best plan for this purpose is shown 
in Mg. 6. It has proved to be very effectual in
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for which it was designed. It is built entirely of old bridge timber, and, 
the construction being simple, it is not costly.

l ies settling into the mud during wet weather, caused, indirectly, by 
poor drainage in cuts, or a substratum of

t
F 4

water-retaining material, is only

-
«Î

t



GRADING. I I

part of the trouble. Whin the cold weather sets in, “ heaving ” of the 
track will commence, and continue until the frost has reached its maximum 
penetration into the ground. In cases the track will be shoved up 
as much as 6 and even 8 inches, and, in an extraordinary case, it has 
leaved as much as 14 inches ; but the ordinary maximum is 4 to 5 inches. 
The writer, in speaking with an experienced section foreman, some time 
ago, on this subject, was informed that he had, 
down at the ends of the ties when the track

some

on one occasion, dug 
badly heaved. After passing 

through the ballast, which, of course, was frozen, he found that there was 
intermingled layers of sand, ice, and air spaces, varying in thickness from 
about 1 inch to about iA inches. The substratum in this case was quick
sand. The foreman thought that water was the cause of all bad heaving— 
in fact, of all heaving-and stated that, in a number of cases of bad heaving 
investigated by him, he found that, invariably, there was always con
siderable water present in the substratum. A certain amount of heaving 
is likely to take place anywhere along the line, but no really bad heaving 
occurs except in cut places. The greatest trouble is generally experienced 
at the ends of cuts. Heaving is seldom the same for any considerable 
distance along the line, and this is what causes the trouble. Sometimes 

rail may be pushed up and the opposite one remain as it is, or one end 
of the same rail will be heaved up, while the other end remains unmoved. 
The amount of heaving seems to depend directly upon the amount of 
contained in the ballast and substratum within the range of frost, 
more water, the more heaving. This is explained, no doubt, by the well- 
known property of water—expanding when transformed into ice ; each 
additional penetration of the frost adding its quota to the heave. This 
also explains, or seems to explain, the appearance of air spaces and layers 
of ice and sand, as found in a frozen roadbed mentioned above. The 
frosts might reach deeper in certain spots than others, thus including 
more water and causing more heaving, leaving spaces under the other 
spots when the frost did not reach down so far. These spaces might then 
be filled, or only partly filled, with 
frost, would form an

was

one

water
The

water, which, when reached by. the 
air space and a layer of ice, or an air space, a layer 

of ice, and a layer of sand, according to the increase of the depth of the 
frost, etc. These would, in their turn, probably be heaved up, and a 
similar process continue until the frost had reached its maximum penetra
tion. A remarkable case of an air space being found under a track has 
been related to the writer by a roadmaster of wide experience, 
in this case, to use his own words, “ 
under the roadbed.” The heave in this

The space 
large enough to let a rabbit runwas

case was extraordinary, being

:
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• In order to keep the two rails level, or 

a curve, or to take the 
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thick shims used, the ordinary track spike, which is about 6 inches 
ong, is too short to hold well, and spikes X and 10 inches long, hut other 

wise of the same dimensions as the ordinary, are used. At first the up 
heava! is very slight, hut becomes more marked as the weather grows 
colder and continues till the dead of winter. However, this is not always 
t ie case, as frequently the track will heave once and remain undisturbed 
until the frost goes out. When the upheaving continues, it is necessary 
to commence with thin shims, and gradually replace them with thicker 
as the change proceeds. Similarly, when the frost is going out, it is
necessary to continually change them and reduce the thickness until the 
last shim is out.

are

ones

It Will be noticed that drainage in cuttings, soft springy roadbeds, 
leaving, shimming, etc., have been considered under the head of 

grading. This was done for the purpose of bringing out the intimate 
relationship existing between them. Very often, at the time grading is 
going on, by using proper precautions, a great deal of soft roadbed and 
bad heaving, and consequently the dangers and expenses appertaining 
thereto, may be avoided

The cost of excavation, of course, will depend upon the nature of 
the materials to be excavated, the locality, the price of labor, and also 
upon the circumstances generally ; so that no ie price can be given to 
cover every case, but the price per cubic yard 
the neighborhood of 20 cents.

Irautwine gives some very useful tables for cost of excavation 
page 742 of his I’ocketbook.

on

okaiuni;. 1 \

Peterborough, Oct. 13th, 1804.

DISCUSSION.

Mr. C. H. Mitchell. - Mr. Innés’ paper supplies a valuable part to 
preceding papers on railroad work. Wc have previously had considerable 
information on earthworks and track-laying, but this paper very aptly closes 
the gap between them. Mr. Innés has presented us with a considerable 
amount of valuable concise general information on the question of grading 
but that which I consider the most valuable is his clear and complete treat
ment of the frost question, and in view of the climatic conditions in this 
country it 1. most important to the engineer. In view of the fact that 
Mr. Innés paper is the outcome, for the most part, of his personal ex
perience m railroading, his paper is doubly valuable.
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most effectual way to^revemlrouble ^ 5011 “ Springy’ the

gather the water into drains of le i 1 Y'*6 at the root of it and 
surface of the cut. If the snnnl °re “ getS t0 the roadbed, or
ground, they can be tapped by well! situLThac^ flY* °f ^ °riginal 
and filled with loose stone An il , back°f the crown of the slope,

of these wells would carry' the accunïulTted"'" ^ b°tt0mS
I the water comes out on the slope of the 
bl.nd intercepting drains of loose stone, not n 
Diagonally down the slope, would 
the slope to the side ditches, 
the roadbed.
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ccwater to any desired place.

cut or near the roadbed, 
ecessarily deep, and running 

gather the water and convey it down 
which, if sufficiently deep, would
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having a place in the proceedings î/ol/socl *“ • °" grading

of earthwork, hold such an important place i/’thl ^ ^ ^ 
an engineer is likely to have to deal wirhP ; r h matters that
to form an important nart of ’. ° act’ 11 may almost be said
criticism, I mil” 2 Z thl * eng,nwring work. As a friendly 

in some particulars. ‘ paper’ m my °l,inion. lacks definiteness
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same prism in fill, or comes from same prism in cut to next prism in fill. 
This method is pursued until either cut or fill is gone through. Making 
thus a table, with the various quantities and corresponding distances of 
extra haul, multiplying out, adding, dividing by 100, and multiplying by 
the price per 100 feet, the total value of extra haul is arrived at. This, of 
course, is an approximation, the assumption being that the centre of 
gravity of each prism is at the centre of length, which is seldom true in 
fact.

I have tested Trautwine’s percentages as to shrinkages in fills in 
some instances, notably in gravel, and have found them to check out closely 
when applied to the cuts from which the material was taken. The young 
engineer should verify these and similar results of experience as often as 
he possibly can.

As regards the material of which embankments should be made, I

1 have mademay say that an engineer seldom has much choice, 
embankments which we afterwards had to cover with clay to prevent their 
being burnt up. These were made by piling up black muck in long 
swamps where no solid material was obtainable, until the track was got 
through. When it dried, it was quite inflammable. I have also used 
large quantities of frozen material, as the exigencies of railway building 
sometimes do not allow for weather. These matters, however, are easily 
rectified after the track is once laid, when large cuts and borrow pits can 
be cheaply run out. Mr. Innés’ remarks as to depositing the earth in 
layers are to the point, and the importance of doing embankments in this 
way is too much underrated in practice.

Mr. Innés has not quite brought out the idea of the agreement of a 
twenty-two-foot cutting with a sixteen-foot embankment If you will take 
a twenty-two foot cutting and allow eighteen inches as the width of the 
table drains at bottom and six inches for depth, and give their sides the 
usual slope of iA to 1, you will find you have a small middle embank
ment left which is exactly sixteen feet wide, and is, therefore, continuous 
with the embankments at either end of the cut. This, I assure you, looks 
even better on the ground than it does on paper. The fact is, cuts 
should be taken out to widths suitable for leaving this width of grade, and 
providing for any size of table drains that the nature of the ground may 
require.

Blue clay in cuttings should not be left exposed if top soil of any 
kind is handy. In damp weather the clay cracks vertically and falls 
forward, filling up the table drains. I had a large cut which was taken 
out by steam shovel. The cuts, of course, were nearly vertical, and were
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grading.

tatei om to about midway between the bottom and top widths I found 
that there was scarcely any more trouble after the top „ had fâ I™ 
down and covered up the hard blue day. Previous L, even a mi ,v 
atmosphere would start the cracking of the clay. ' y„.;r,|0l ,."T frOSt "'0,ks described by Mr. Innes-shown in Fie 6-"mk, LsUmlo ,hTV,ed,0" bï'ayi"8 8 "'I of rough

.......~

they have rotted out.
In wet sand cuts, a box drain with sides of 

every six feet, floored with plank, and 
ties, is frequently very efficient.

these remain in place until

square timber, resting 
open at top, except for

oncross sills 
cross

structures for retaining walls, an^uld''if^rbradvilabino0'dT^

Mr. James MAcDouGALL.-Wooden structures are objectionable of 
course, but m the case of new construction it answers the rpo Vo' 
the time being, and facilitates the progress of the work V.lJ / r

?wm need rrin** which ^ ££££

by stone. IV,th reference to wtdening the cut, this in many cases is
kindsT* ranent ray 0f overcominR the difficulty, but in some 

tpds of sod no reasonable width of cutting will prevent sloughing- also in
g, deep cuts it would be found very expensive to remove^material 

n such cases it would be preferable to construct retaining
walls.

tr ^ «•
underneath the rail between the spike,, thus facilitating Ia32 

Of placing and removing the shims, and it will be found less injurious 
to the tie, as the spikes need only be partially dra J

wn.

»

r

c

cc o
...

- NÜ
A



found
fallen
misty

THE MAINTENANCE OF ENGLISH6— 
ough 
entre 
enon 
v the 
until

ROADS
,

By Sidney M. Johnson, Grad. S.P.S., Stud. Can. Soc. C.E.
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point, and by the solidity of their foundations, which in
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exist or form the foundations of the present roads^ ° ^ 8t,U
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of the traffic would allow, thereby greatly lowering the cost of main.

ROADS.

nee
enance. si

itI he system of maintenance, until the latter part of last century 
very similar to that in vogue in Canada 
required each parish to repair its 
labor.

was biat present, 
roads, which they did by statute

The law then
reown

OEarly in this century turnpike trusts were formed, but these 
conducive of very little improvement.

In the year 1819, and those following, greater interest was aroused by 
the keen competition for favor between the rival systems advocated by 
McAdam and Telford.

were er
of
fir
le;

these men both, for the first time, advocated the thorough drainage 
of the foundation and the breaking of the material 
differed in that Telford advocated 
road, while McAdam maintained that this

In 1835 the “General Highways Act" was passed, by which highway 
raies were substituted for the statute labor, and paid surveyors were 
authorized for parishes or highway districts. This Act, with slight modi
fications, continued in force until the County Councils 
by Act of Parliament in 1889, when the 
use.

1
to a certain gauge, but 

a pavement upon which to build the
was unnecessary.

Im
sui

Ga
were constituted 

present system was called into
of

duiUnder the present system the roads are divided into two classes, viz., 
County and Parish roads, the former including all the old turnpike roads 
and many of the other main roads, whilst all other roads 
latter heading, and the parish in which they 
for their maintenance.

The details of the

in
res]

come under the 
are situated is responsible

are

hea 
or fsy-tem adopted vary slightly in different counties 

under the County Councils, depending greatly upon the engineer, but 
very similar upon all major points.

1 he outline of the chain of responsibility or system of maintenance 
which I am going to detail is that followed in the County of Norfolk, one 

coun^es on cast coast, and which possesses very good

arc

,1 pari
visitHere, as in other counties, the county roads are placed by the coun

cil under the supervision of an engineer, who is known as the County 
Surveyor. and

upoiIf the parish authorities think that the traffic upon any of the roads 
under their supervision is more than local, or that it should be classed as 
a main road and the county made responsible, they must apply to the 
council for relief, at the same time setting forth their claim.

farm
ance
doesThe county
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surveyor is then instructed to examine into the case and report. In case 
it should, in his estimation, be classed as a main road, the parish must first 
bring it into as efficient

ry, was 
v then 
statute

a state as ‘he county roads, and they may be ' 
relieved of its care, it then becoming a county road.

The county surveyor appoints his own assistants, who are known as 
Overseers or Local Surveyors. These men should have previous experi
ence, as they have, on an average, the supervision of one hundred miles 
of road, devoting their whole time to the care of their section. Their 
first duty ,s to inspect their section, and this they must do personally at 
least once a fortnight, and send a written report to the county surveyor 

I he engineer also convenes a meeting of these local surveyors once 
a month, when their successes and failures are reported and discussed 
and thus they severally profit by the experience of each 

In the county I have mentioned there 
hundred miles of main

e were

ised by 
ted by

ainage 
;e, but 
Id the one.

are, in round numbers, twelve 
or county roads under the charge of twelve local 

surveyors, each having about one hundred miles in his district
The local surveyor has under him a laborer, who is known as a 

(-auger, for every four to six miles of his district, according to the amount 
of labor required upon that part of the road.

These gaugers devote their whole time to their section, except that 
during August they may be granted leave by the local surveyor to help 

the harvest, if their section is in a satisfactory condition. They are 
responsible to the local surveyor for the maintenance of their section, and 
are visited at least fortnightly by him.

During the autumn and early winter, when the work 
heaviest, they are granted extra help, sometimes having 
or five men under them.

ghway 
were 

modi- 
ituted 
d into

i, viz., 
roads 
er the 
nsible

on the roads is 
as many as fourunties

but

parish roads.lance 
, one 
good The vestry of the parish* . , , , at present have had the management of the

parish roads, but by the “ Parish Councils’ Act,” lately passed, the super
vision is this autumn transferred from the vestry to the parish council.

The number of miles of road in each parish varies from four to 
and the system of maintenance is similar to that 
upon a smaller scale.

:oun-
>unty seven, 

under the county, but
oads 
id as 
i the 
lunty

The vestry appoints 
farmer or tradesman in the

a parish surveyor, who is generally a small

ance of all roads within the parish boundaries, other than main He 
does not devote h„ whole time to the roads, but continues his calling'

*
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whatever it may be, and inspects his section systematically, directing his 
assistants where to bestow their labor. He must also keep careful 
account of all moneys expended and received on account of his roads, and 
for these duties is paid a fixed sum annually.

1 he amount of labor required on the parish roads varies, as in the 
case of the main roads, and the surveyor engages men as he requires 
them.

Pr
su
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WIDTH. up
im

I he metalled surface of the road should always be of sufficient width 
to accommodate the traffic being less in the country than near an im
portant town, the minimum being twelve feet and the maximum about 
forty.

of

/

Between the sod borders the width should in no case be less than that 
necessary to allow two vehicles to pass comfortably, for this purpose fifteen 
feet being sufficient. Where the width is less than this people cannot pass 
without turning out upon the sod, and thus cutting up the border, filling 
the side channel, and carrying soil from the side on to the metalled sur
face of the road, all of which should be avoided.

Whatever widths are selected for the county and important parish 
roads they are uniformly preserved, except where a hill or some other local 
cause makes an additional width advantageous. The borders are well 
defined by straight lines or curves, the sod being cut back, side channels 
cleaned, and outlets opened at least yearly. This, besides giving the road 
a neat and finished appearance, facilitates and lessens the cost of mainten
ance.
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CROSS SECTION.
tior
cro]A good cross section is one of the most important, and at the 

time one of the most difficult, things to attain upon a road.
The slope towards the side should be such that the rain flows freely 

towards the side channels, as the effect of water standing on the road is 
ruinous, for it not only adds greatly to the wear of the metal, but also 
permeates and weakens the crust of the road and subsoil.

The effect of too great a slope is almost as bad as the other extreme, 
for where there is a perceptible pitch the traffic confines itself to the 
of the road, as the only place where the vehicles can run horizontally, and 
thus grooves which retain the water are worn by the wheels and horses’ 
feet.
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ting his 
careful 
ds, and

By constant attention the English roads have attained an easy curve,
principally of a flat elliptical form, and thus, aided by the smoothness of 
surface, sheds the water with ease.

The amount of fall from the centre towards the sides is 
hills than at other portions of the road,

i in the 
equires

greater on
so as to shed the water rapidly, 

and thus prevent it running down the hill upon the road and scouring the 
surface. 1 he fall is least where there are easy grades on the road, and 
upon the level the fail on a road thirty feet wide is generally about six 
inches, and should never exceed nine, while for the narrower roads 
of three or four inches is given.

<•

a fall
t width 
an im- 
about METAL.

m that 
fifteen 
at pass 
filling 

;d sur-

The metal used upon the roads varies greatly, according to the local
ity and fitness of local supply, if any. Those in most common use are the 
igneous rocks, the granite being the principal, iron sandstones, flint, flint 
and chert gravel, the harder limestones, and in the iron district the slag 
and furnace refuse are used.

In choosing a road material the four properties considered 
hardness, toughness, its power to withstand the action of the weather, 
the degree with which it binds. No one metal possesses all these qualifica
tions. 1'hus, although granite is hard, it is often brittle if containing 
much felspar, and of itself does not bind well. Flint also is very hard, but 
is brittle and is not cohesive, while, on the other hand, limestone from the 
mortar-like detritus formed by its wearing binds well, but is not of suf 
ficent hardness for roads

are itsparish 
r local 
e well 
annels 
e road 
linten-

and

too

which there is heavy traffic.
Returning to the county which we have especially under considera

tion, there is no local supply of igneous rocks.

on

Where the rocks do out
crop they are chalk, with which is associated flint, and there are also 
deposits of flint and chert gravel, while upon the seashore large quantities 
of flint may be procured.

Besides the local materials, a great deal of granite is imported for 
upon the county roads.

When gravel is used, it is from pits sanctioned after inspection by the 
county engineer, and is screened and broken to a certain gauge; being 
in this condition contracted for per load of twenty-four bushels either in 
the pit or delivered on the roads. The usual price of this gravel is from 
$1.10 to $1.20 a load delivered, or 75c. a load in the pit.

The flints are of two classes : first, those gathered off the land and 
secondly, those from the seashore. The former are gathered during the
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and winter by children off the fields, the children 
per bushel, and the landowner sells them 
$1.40 a load delivered on the road.
land fl h! ïnt f,0m rthue “ "0t 50 «ood a road material as the

nd flint, the salts of the sea having the effect of softening it, so that when
used lt should be broken and left standing in heaps or metal depots at 
least one year before being placed upon the roads. The ordinary flint 
also improves by standing in heaps after being broken.

Upon the most important county roads granite from Guernsey or 
Belgium is used. This granite costs according to proximity to 
and on the east coast "

autumn
being paid 2c. 

at 5c. per bushel, or about
repa 
it in
same 
traffi 
is to

to to 
cube 
great

a seaport,
.. f , u , costs from $3.oo to $3.75 a ton. This is double
the cost of the local material, but after careful investigation it has been 
estimated by good authorities to stand three times the wear and traffic and 
is therefore cheaper in the end. It is, on these grounds, favored by
heavyenCed ^ °n ‘he princiPal county roads where the traffic is

- to pii 
ing, 1 
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SIZE of METAL.

1 he most advantageous size to which the metal may be broken 
epends greatly upon its toughness, and how it is to be laid, but the pieces 

should be as nearly cubical as possible. The recognized standard for the 
metal since early in the century has been its ability to pass through a 2% 
inch ring, ora cube of about 1% inches. 8 Z

A hard material may, with advantage to the road, be broken smaller 
softer one, and if but light repairs are to be made a smaller gauge 

18 an Potage, as the material binds better, covers more, and gives a 
smoother surface. When the metal is to be rolled, it gives 
stronger surface if the pieces are large.

In all cases the metal is broken 
should pass the gauge in

count 
twelvi 
capab 
new n 
repair 
some

than a

a better and

1as nearly cubical as uossible, and
f J . . every way- When the harder descriptions of

metal are used, it is important that they should be
as practicable, which will give a smooth surface 
the wear and crushing.

The granite is delivered broken, being crushed by machinery, while 
the local material is broken by hand during the summer by the man in 
charge of the road, or is delivered broken upon the roads.
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as near the same size 
to the road and reduce
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LAYING THE METAL.

The laying down of the to the greatest advantage is a art 
specially is this the case with ghtlearned
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i bout
repairs. The tendency of the roadman is, for the sake of appearance, to lay 
it in long narrow rows, where the horses—whose habit it is to follow in the 
same track-have worn a hollow, or in the wheel tracks. This causes the 
traffic to be diverted to the side of the road. The only way to avoid this 
is to lay the material, where necessary, in short lengths at a time.

The metal should be laid
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flint one stone thick, and close enough so as 

to touch those on all sides of it, thus forming a sort of mosaic work. Each 
cube then gives and receives support from its neighbor, and the binding is 
greatly facilitated.
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When the roadbed is thick and strong, it is sometimes an advantage 
to pick the surface before laying on the new metal, so as to help the bind 
mg, but it should never be more than half an inch deep, and is only 
advisable where a hard metal like granite is to be used, and where the 
face has worn unevenly.

A more common plan of aiding the consolidation of old and new 
materials is by the use of a binding material, marl being now greatly used 
especially where the subsoil is of a light or sandy character. After laying 
the metal the marl is spread over it in the proportion of about

Ihe use of steam rollers upon the roads is growing rapidly, the 
county engineer now having four at his disposal, and hopes soon to have 
twelve, or one for each district of one hundred miles. These rollers are 
capable of consolidating one thousand two hundred superficial yards of 
new material per day, but their use is only advantageous where extensive 
repairs are being made upon roads with strong foundations, and where 
some thickness of metal is to be laid down.
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,nd WIDTH OF WHEELS.

The width of wheels and their loads has been the subject of statutes 
and by laws since early in the century. Under the “General Turnpike Act ” 
in the reign of George IV. a premium was put upon broad tires with 
countersunk rivets by charging them but two.thirds of the ordinary toll 
At the same time conveyances with heavy loads and narrow tires were 
charged additional.

At present there are no regulations bearing upon this subject which 
are enforced, but wheels upon all vehicles and carts are much wider than 
those in use upon our roads, and which, especially in soft weather, do so 
much harm. Upon the carts, which replace our buggies, the wheels 
average two inches m width, or about twice as wide as those 
responding conveyance in use here, while upon the carts and wagons 
used for farm purposes the width varies from four to six inches
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I here is a growing feeling that some measure should again be in
troduced and enforced, and authorities place the maximum allowable load 
for a wagon at one ton of vehicle and load 
hundred weight per wheel.
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per inch of tire, that is, five

DISTRIBUTION OF LABOR.

I he great difficulty in this respect is that the heavy work is concern 
trated unavoidably into a short time, whilst at other times the road surface 
itself requires little or no attention.

During the summer months the man in charge should clean out the 
side ditches, which are too wet at other seasons. He should also take 
advantage of any soft weather to cut back the sod bordering on the road, 
thus giving the road surface a uniform width throughout. This keeps the 
road of the proper cross section, and forms a channel for the storm water 
between the side ditch and the footpath or metal heaps, and from which 
it is led at intervals into the side ditch. This should all receive attention 
before the wet weather sets in. On roads where flint is used and delivered 
unbroken, it is broken to the proper gauge during the 

During the early autumn, 
the roads are

about 
manu 
remai 
whole 
Yarm 
the pz 
a ratesummer.

the rains make it necessary
scraped to remove the mud produced by the summer’s
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wearof the metal.
Having cleaned up the sides and scraped the surface, the new metal 

should be laid on, the first care being bestowed upon those places which 
are naturally low and damp. After these are attended to the remainder 
receives its coating, and it should all be laid before the beginning of the 
new year

1
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veyorsThe new metal being laid, the work upon the road for the 

of the winter is light, and remainder
any extra help which may have been necessary 

is dispensed with. The regular man's time is occupied in attending to 
any weak places which may need additional metal, raking the loose 
so as to facilitate its binding, and scraping where 

When

metal
necessary.

the rains of spring, with the wear, tend to again make the 
muddy, the gauger’s time is taken up with scraping the detritus 
surface, and any spare time should he spent upon the side ditches.
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METAL DEPOTS.

To facilitate the metalling in the autumn, the road material, when 
delivered by the contractor or otherwise, is laid in heaps by the roadside,
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if its width be sufficient to admit of These heaps vary in size and 
distance apart, according to the importance of the road, in some cases 
being as close as twenty yards, but should never be more than one hun
dred yards, which leaves the gauger but fifty yards at most to wheel his 
material when metalling the road. Upon narrow roads, where this method 
cannot be adopted, recesses have been constructed on the side, and here 
the material is stored without inconveniencing the traffic. These stores of 
road material are known as metal depots.
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1 he cost to the county for the main roads was last year ^,35, or 
about $170, per mile. Of this thirty to forty per cent, is chargeable to 
manual labor, about ten per cent, to salaries and management, and the 
remainder to materials. I his money is raised by a general rate over the 
whole county, with the exception of the county boroughs of Norwich and 
Yarmouth, which maintain their own roads, etc., themselves. The cost of 
the parish roads is from $60 to $75 a mile per year, and this is raised by 

rate upon the incomes of the parishioners.
Having detailed to you the points which most forcibly struck me 

regarding the English system of maintenance, I think you will agree with 
me that in many points we may, with advantage, follow their example, 
after allowing for climatic and other variations of condition.

I he three things to which these roads owe their superiority are, first, 
the stability of their foundations ; second, the constant and not spasmodic- 
attention bestowed upon them ; and last, but not least, the fact that they 
are under competent authorities in the county engineers and local 
veyors.
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:>ad
the Mr. Alan Macdougall—This is a useful addition to the literature 

of good roadmaking, and is presented at a fitting time. The conference 
held in the Canadian Institute last February resulted in the formation 
of an association for the improvement of roads, under the name of The 
Ontario Good Roads’ Association, which held a meeting in Toronto in 
September during Exhibition week. The Provincial Government is 
taking so much interest in the subject that it is not likely to be neglected
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and from what I

irrqsrBHHBEEiDnder the growth of road .mprovements; it becomes the duty of those of 
us who know the value of roads to the advancement of the 
combat the idea that it is
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too, than we can breathe without lungs.

I have already pointed out to you that there is a good field for the 
exercise of your talents in this field of engineering, and I hope it 
be long before many of you are engaged in improving our roads 
are kind enough to ask me to address you once more ; I daresay I might
be able to do so early next year, and I shall have pleasure in so doing, if 
I can arrange for a subject. 8
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Mk. P. K. HvNDMAN-Having already written a paper on the 
su iject, which appears in the first report of The Good Roads’ Association 
of Ontario, printed by order of the Government, it will be unnecessary 
repeat here any of the views or statements which are there given. Suffice
£ l0,saky lhat 11 18 satisfac‘ory for me to find that the main features of the 
Rnglish system, as described so fully and clearly by Mr. Johnson, but of 
which was ignorant, are identical with what I proposed should be 
adopted in Ontano These are (.) a special road tax, instead of tolls 
or statute labor; (2) the administration by county and parish 
pahties, with th 
each ; and (3) 
county.
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Our road allowances being all laid out, it is necessary, with 
exceptions, to adhere to them. Fortunately, the topography of western 
Ontario at least renders it possible to do this, so that alignment has 
not to be considered, as in Great Britain.

I he width of sixty-six feet, also, gives plenty of space for making 
carriage and foot ways, as well as room for shade trees and stacking
Tk u u T3''5' 1 haVC already described how, in my opinion, this

width, which should be fully utilized, may be divided up.
In India, the repairs were carried out by miles, which facilitated the 

periodical renewal of the upper metal coat. Therefore, I consider it 
necessary, in the first instance, to mark out all the main roads, at least 
by mile posts, or divide them into sections, extending from

some
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to another, which is generally a distance of ij miles, 
better arrangement than renewals in short pieces.

Repairs in India consisted of what were called “annual” and “petty” 
repairs, the first being the laying down of an entirely new coat of metal 
every three or four years, or as often as required over the whole mile. 
The melal for this was brought in and stacked in one continuous heap on 
one side of the road. For the second, which consisted in patching holes 
which would appear in the coat, after the first year, the metal was stacked 
in short heaps, distributed over the mile on the other side of the road.

This work of collection of metal, laying the new coat, and making up 
the earthen berms was carried out by contract, the patching being done 
by gangs of monthly-paid laborers, who attended to this, making up the 
earthen berms and slopes, when and where required.

Mr. Johnson has accurately described the qualities of the different
Trap-rock is the best, 

extensively in Scotland, where it is called “whinstone." 
there is not much variety, beyond the ordinary pit gravel, 
material much used is an earthy nodular limestone called “kunkur.”

This material, after being broken and screened off the earth 
embedded in the cavities, is laid down and consolidated by iron hand- 
rammers, plenty of water being used in the process, 
makes a very smooth road, but is deficient in hardness.
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In India, a

It binds well, and

Thirty-five miles of the roads in my division were metalled with 
sandstone, broken up from large boulders which were brought down 
every season by the torrents from the Himalayas. A little earth or clay 
was scattered over this, and dibbled in with light strokes of a pick, and 
the coat consolidated by a large heavy stone roller six feet in diameter 
(of which there are several the road), pulled by about forty coolies or 
laborers, water being also used in this work. The patching was done by 
hand-ramming. This road was not nearly as smooth or pleasant to drive 
over as the “ kunkur ” roads.
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In Central India there is kind of red latérite called “ 
is used as a road metal.

king moorum,” which 
It is not capable of being blasted, and is very 

difficult to break up with the pick. It makes a smooth road like 
“kunkur,” blit, like it, wears rapidly.

Broken, overburnt, or vitrified brick is also used

king
this

the . as road metal, but
it is friable, and apt to work loose, unless some binding material, better 
than clay, is used. Still, if procurable, it forms a fair material for road 
metal.
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I have found the best width for 
caused the traffic to travel in the 
hollows or ruts, 
wide.

metal was twelve feet, as ten feet 
same track, which wore into two deep 

1 his was not the case where the metal 
Near large centres of population the width of metal

dust
inch
besii

was twelve feet
was increased

. 1 he total wid<h of ‘he carriage-way was thirty feet, as the
oads were mam trunk roads. The thickness of a coat of metal was taken
!/;; ,and* half incl,es- and was ‘aid down according .0 a wooden

u P e, !aid acr0ss the road’ the central thickness being about six 
inches and the sides three inches.

The metal

to sixteen feet.

sidei 
and 
Whe 
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. D f carefully spread for lengths of about one hundred
>ards. Before consolidating, as already described, I found it better to

P an ring up the surface on which the new coat was to be laid to 
tard, even, and smooth condition, the loosening of it by picks making 
00 soft, and the new coat adhered perfectly to it. Whilst a length 

)eing consolidated, the traffic was turned aside to the berms, which 
atterwards made up to the new level, and not until the new surface was 
perlectly dry was the traffic allowed
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to pass over it. Similarly, the patches 
were cut out in a rectangular forth, and filled in with fresh. metal, which
was rammed and watered, and brought flush with the existing surface.

I he practice in Scotland, which was in vogue before the introduction 
o! the steam roller, of spreading the metal 
the traffic to consolidate it, 
half the metal

over all hollows, and allowing 
was most unscientific and wasteful, as fully 

pulverized before that part of the road became smooth
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•Small patches should be hand rammed, where the extent of the 
petty repairs does not warrant the employment of the steam roller.

1 he 1 el ord system of road surface, providing an underlayer of 
large stone, has the defect of not giving a firm and even bed for the
upper coat of broken stone to rest on.

On laying metal for the first time on a road, it is desirable, besides 
providing proper drainage, to ram or roll the earthen surface till it is quite 
hard. It is better that this surface should be flat and not rounded. In 
ndia a new road received two coats, one being consolidated before, the 

second one was laid down. The second coat might consist of stone 
iroken to a larger size, say, to pass though a two and a half inch ring, the 

upper either two or one and a half inches, the latter being preferable.
(iravel, when used, should be screened and broken to two inches, 

and one and a half inches in two thicknesses or layers for the second coat 
(the first or under coat two and a half inches), the coarse sand remaining 
to be spread thinly over each layer, to assist in binding.
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After a new coat has been consolidated, very fine gravel or stone 
dust should be spread over the upper surface to a thickness of half an 
inch, as “blinding,” which makes the new coat smoother to travel over, 
besides preserving it til! it has got quite hard.

Drains should not be under the carriage way, as they may cause sub- 
The edges of the carriage-way should be kept even and trim, 

and every facility given for the storm water to run off into the side gutters. 
Where there are slopes, these should be grassed to prevent their being 
cut up into channels by the rain water.

The general form of cross-section is a central curve of about 
hundred feet radius, the side berms sloping off at one in forty tangents.

The planting of trees, and provision of, at least, one footway at the 
side, and keeping the whole width trim and neat, are very important 
matters to be attended to.

The time for carrying out the renewals and heavier repairs must be 
fixed at the most convenient and favorable season of the year, it being 
borne in mind that where repairs are required to a small extent these 
should be carried out at once.
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I'he County Engineer should have charge of all the roads, as tending 

to a uniform system. He should have a sufficient number of assistants 
and road overseers, according to the extent and importance of the work.

He might alsc he given charge of the various drainage works in the 
county carried out under the Drainage Act, and might act as consulting 
engineer to the municipalities of the smaller towns and villages in the 
county which could not afford to employ an engineer, but could pay the 
salary of a street or town overseer.
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All county and township buildings 
might also be put in his charge to carry on the necessary periodical 
repairs. In this way, his time would be fully occupied.

For the guidance of the staff in their duties, a specification and set 
of rules and regulations, embodied in a code, should be carefully dra 
up, printed, and a copy furnished to each member of the staff, 
rules can be amended from time to time.
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Mr. W. F. Van Buskirk—Mr. Johnson’s paper gives us much 
information of a character not readily obtainable in this country, and 
which should be of value to all interested in road improvement.

Quantities and prices of material and labor on completed works and 
the maintenance of them are always interesting to engineers, and it is not 
often we get them in detailed form.
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and care of water after it leaves the surface of roadways ?

I he drainage of the subsoil foundations of roads and the removal of 
s orm waters is, of course, the most important feature to be loo ed a ter in 
the maintenance of a road, and I am sorry to say is the feature 
neglected in our own attempts at roadmaking This neglect of L 
necessity of a good road is perhaps excusable in the case of th/n H 

citizen, as he does not generally think why a road is good or bad I 
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this matter should not be hastened until public opinion is quickened, and 
the agriculturists especial'y become ready to handle it in earnest.

Such a movement, I am glad to state, has already been planned by 
the executive board of The Ontario Good Roads’ Association, 
was proposed at the meeting held lately in Toronto to send’ the best 
available speakers 
January. Iwhere it

this subject to address the farmers’ institutes inon
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I am well aware that at present the farmers generally are adverse to 
adding any further burden of taxation, and it must be fully shown that a 
better system need not prove heavier, but rather less burdensome, than 
the present wasteful and inefficient statute labor system, more especially 
if the English income tax method were adopted, as the man who has the 
smaller income need not pay so much as the man with a larger one, who 
also gets proportionately with his large business more benefit from improved 
roads.

During the summer the clay roads of this district are excellent, but 
they are almost impassable during the rainy seasons of spring and fall, and 
also during an open winter.

Mr. S. M. Johnson—Mr. Van Buskirk's questions touch 
important matters which have received but little notice, 
in the paper.

Regarding the salary of the county surveyor no fixed rule is followed 
in England, as the size of the counties and responsibilites vary, and he is 
paid for his services according to the work he is called upon to perform. 
Passing to the local surveyors, it must be remembered that these men are 
not surveyors in our sense of the word, but are simply inspectors, or over
seers who have received a thorough knowledge through practise of road 
building and maintenance. These men are paid about $500, a year, and 
in many counties they receive an allowance for the maintenance of a horse 
and cart, as it is in this way that they inspect their district.

As to the respective duties of surveyors in purchasing material, etc., 
the county surveyor prepares an estimate each year showing quantities of 
material and labor required for the following year, and appropriation 
necessary to carry this out. When sanctioned by the council, tenders are 
called for the material and cartage, and, as required, the county surveyor 
orders from the accepted tenderer.

In regard to the management of water after leaving the road surface, 
m the open country a well-kept open ditch is maintained 
side of the road, at least, and this empties into the natural
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he most convenient point . 1’he “ General Highways Act - of ,835 granted 
the authorities power to seek an outlet through the adjoining property to 
•he watercourse, the owner being compensated for any damage caused.

it same act also provides that if any watercourse he obstructed the sur
veyor shall order the occupier of the land to clear it, and if he does 
comply the work may be done by his own men. As the road approaches 
a village or town, covered drains take the place of the open ones.

Where the subsoil requires drainage beyond that given by the side 
ditches, drams are laid with open-jointed pipes, these often taking the fo 
<>f mitre drams ; that is, they meet in the centre in the form of a V, and 
with an inclination of about 1 in 
direction of the fall in the road.

not

rm
run

too towards the side ditches in the

:

32 THK MAINTENANCE OK ENGLISH ROADS.

-W
SB

RÎ
Ss

-'*
- - 1 - . /•-- - *

’ -



VICE-WORK

By g. M. Campbell, ’96.

Under this heading will come all operations by the machinist which 
not included in the work done by machine tools.

or fitterC hTsVuld 7™°* * genera,,y known * a vice-hand
’ ^ Sh0uld have a good mathematical education, and should of 

necessity, be a man of good natural ability, for new classes of work, new 
deas, original designs, are being continually brought forward, and for 

these the workman has always to be prepared.
The number and variety of tools that 

but the number it is advantageous to have is 
are an

are

a fitter requires is quite limited, 
.. not. Among the ncccssjiripç

handy u2 Z a p^Tf
morphodites, bevel, centering, box, and T squares, bottoming 

thread gauge, pair of trammels, plumb-bob, and 
addition to these tools a fitter should have 
vice, hand-vice,

gauge,
many others. In 

or have access to a bench- 
, . . hammers, chisels, punches, drifts, files, file-card, scrapers
hacksaw, taps and dies, reamers, surface plates, straight-edges, etc.

It is thus easily seen that the term “vice-work” is of the widest 
significance It includes, besides the direct treatment of the work by
handTrf’l ' '"h SCraping’ pollshlnS> etc., the proper use of all the various 
hand tools and instruments mentioned ; the lining and marking off of
articles of every description, to prepare them for further manipulation • the 
final fitting and erecting into one symmetrical whole the various 
the simplest or most complex machine, 
ments

parts of

-he present paper „ke „p
the enter deemmg „ better, in such a short paper, touch sotneeha. 
definitely on a few main points than to skim vaguely over the whole wide 
subject. Attention will therefore be mainly directed 1 
general use of the vice, hammer, chisel, file, and scraper.
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34 VICE-WORK.

VICE.

Of necessity, the first thing that has to be looked to is the vice. 
One of the best forms in the market to-day is that patented by Entwisle 
and Kenyon, Fig. i. These vices are on a swivelling base, so that they
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be swung round and locked in any position, usually by a large winged 
nut underneath the bench. The jaws #re steel-faced and are parallel in 
all positions ; the front jaw is part of a sliding box which may be easily 
hauled out and in when the handle, or rather lever, is vertically upward. 
The locking device is quite simple ; in the body of the vice above the 
sliding box is a rack with fine teeth, eight to the inch, pointing to the 
back ; the handle is fastened to a rod, extending the length of the sliding 
box, pinned at the back end to prevent its abstraction and to prevent it 
making more than three-quarters of a turn, and on this rod toward the 
back end is an eccentric running spirally or screw-wise around it ; on the 
eccentric rests a short toot..ed steel piece, the saddle, shaped beneath 
to fit the slant sides of the eccentric. When the handle is up, the saddle, 
the teeth of which point to the front, is just clear of the rack teeth ; as 
the handle is lowered, the saddle is raised, the teeth engage, then the 
screw motion of the eccentrics hauls the jaw firmly to its grip. The 
usual closure is about one-eighth of an inch. To grip any article, raise the 
handle with the right hand, haul out the sliding box with the left, place 
the work in position, push in the jaw till it presses against the work, then

can

r

i|

TJ
 T3



'

VICE-WORK.

rapidly lower the handle and the work is firmly and quickly gripped, 
rapidity and ease of action and firmness of grip this vice has r.o equal, 
for with one-half turn of the handle an article of any size, large or small,’ 
can be securely seized.

1 he height of the vice from the floor depends much on the class of 
work that has to be operated upon ; if heavy, it should be low ; if light, high. 
A good average height is to have the jaws of the vice on a level with the 
workman s elbow ; usually, however, the height depends solely upon the 
height of the bench, which should be about thirty-three inches.

Of the ordinary vices, those with a sliding box are better than leg-vices 
where the front jaw is long, acting with hinge motion ; therefore, its jaws are 
parallel and vertical in one position only. For heavy irregular-shaped work 
the latter, however, acts very well.

1 o prevent injury to the surface of the work from the hard and rough 
jaw vice-clamps are used, made of copper, for holding iron, and of leather 
or lead for brass or any delicate piece of work. The copper clamps should 
be of one-sixteenth inch annealed sheet copper, shaped by the hammer to 
fit neatly over the vice jaws ; the jaw part of the lead clamp being about one- 
half inch thick. For holding articles of special shape various attachments 

used ; thus, for holding a taper cotter, a piece of iron, straight on one 
edge and rounded on the other, is pivoted to a piece of copper which fits 
over the back jaw of the vice (Fig. 9), the cotter beds itself against the
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forward jaw and the straight side of the vice-strip, which then readily 
adjusts itself against the fixed jaw by reason of the rounded side An 
excellent way of holding small screws or other nicies is made by con
necting two pieces of iron or copper by a spring ( g. Io), the pieces bej

Fig 10

provided with a flange to rest on the top of the vice jaws, and having in 
the face of each, vertically, round and square grooves of different sizes.
The spring keeps the pieces slightly apart until the jaws of the vice 
tighten upon them.
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HAMMERS.

Hand hammers are divided into two classes, (a) chipping and rivet
ing, and (b) pening. In the former (Fig. 2), one end is cylindrical in

Fig 2

■srx

L<
shape, the other, hemispherical ; the first for chipping or driving, the 
second for riveting ; while in pening hammers the round knob is replaced 
by a long narrow edge, either straight or rounded in its length, the edge 
being either at right angles or parallel to the line of the handle, the 
former being much the better. Hammers vary in weight from 6 to 30 oz., 
according to requirements. One for general work should weigh about 21 
oz., having a handle 13.' incljes long, inside the head. The proper 
dimensions of a hammer of about that weight are : length over all, 45- 
inches; length of face end, “ inch; diameter of face, 1] inches; length 
of eye, i| inches; thickness at eye, 15 inches; the pene, l inch in 
diameter. The face of the hammer should be slightly convex, with 
rounded corners.

A hammer weighing 28 oz., with 15-inch handle, is very serviceable 
for heavy chipping or driving. In fitting the handle, it is most important 
to have it stand at right angles to the axis of the hammer head (see Fig. 2), 
and to have its oval true with the axial line, otherwise erratic hammering is 
sure to result, with injury to the hammer, the work, or the workman’s 
fingers. The operation of pening is much resorted to to straighten articles 
which have become bent, or to bend pieces of work to give them a 
different shape, as shown in Fig 3. It consists in hammering the skin of
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the metal, thereby lengthening it. If a straight piece be hammered all 
over one side, it becomes convex on that side ; if a curved piece be 
hammered on the convex side all over the surface, the curve bends to a 
smaller radius, but, if hammered on the inside, to a larger radius. Ham-
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mering in one place, instead of all over the surface, will produce a sharp 

instead of a uniformly curved bend. The amount that cast iron can he 

bent is considerable. The hammer should
nd rivet- 
irical in n°t> in general, exceed 8 oz. 

m weight ; and, in hammering, most of the motion should come from the 

wrist, as much more depends on the number than the force of the blows 
When pening cast iron, it is best to rest it on a narrow surface of iron 

always taking care to have the article bedding well when being pened’ 

Articles of other material are best done when resting on wood. When 

any article has been pened, as little of the surface as possible should after- 
wards be removed, for, otherwise, the results 
destroyed.
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Riveting is generally performed by the machinist 
and can best be described by

upon cold metal, 
example. A crank pin has to be riveted 

to the crank (hg. 4,, the crank first being countersunk
an
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narrow and deep countersink will hold much better than a wide and 
shallow one), and the pin, which, should be slightly longer than the thick

ness of the crank, should be recessed. Stretch nearly the whole end of 

he pin, deliver the hammer blows in a slanting direction from the centre 

o the circumference, thus forcing the metal outward. The pin should be 

hammered symmetrically, first on one side of the centre, then on the 

I ° 7h'ch Wl11 ^event its being thrown out of true. The round pene 
of a light hammer should be used, but the weight of hammer varies with the 

weight of the article operated upon. The article to be riveted should 

rest firmly on a solid bed, such as an anvil, a piece of copper being inter
posed if the work is liable to be injured by the contact. *

Hammers are used for driving, straightening, and stretching. In 

driving, a sharp, rapid blow is much more effective than a slower one with 

he same momentum ; for example, in loosening a key from its seat, unless
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results. When using a hammer, to get a maximum amount of work from 
it, hold it, at the end of the handle, somewhat freely, by no means grip 
it, give plenty of motion to the wrist and fingers, so that when the 
hammer is drawn hack the pene all but strikes the workman’s elbow ; let 
the force of the blow be mainly derived from the forearm.
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Chisels are of all sizes, from a small one driven by a four-ounce 
hammer to a large one driven by a fourteen-pound sledge ; but for all 
ordinary sizes and shapes three-quarter-inch octagon steel is used. 
These chisels are of various shapes —flat, side-cutting, cope or crosscut, 
keyway, round-nosed, cow-mouthed, diamond-pointed, oil-groove, and 
draw-chisels, and many others. The greatest of care should be exercised 
in tempering chisels, for the work required of them is considerable, the 
temper extending for half an inch or more from the cutting edge, and 
being in color from a yellowish brown, for light cuts on hard steel or iron, 
to almost a blue, for heavy cuts on wrought iron ; a dark red makes a 
very serviceable tool. However, the Society is to receive, soon, a paper 

the subject of tempering, when the matter of tempering will be fully 
dealt with.
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The flat chisel (Fig. 5) is the one most used, and should be made 
shorter than is usually the case, 6| or 7 inches being quite long enough. It is 
tapered for from 3 to 3} inches of its length, and is about TV or ^ of an 
inch thick near the point, and about of an inch wide. The facets forming 
the cutting edge should be flat, not rounding, so as to form a guide to main
tain a proper depth of cut. The angle of the facets to one another depends 
on the material and on the heaviness of the cut ; the lighter the cut, the 
more acute the angle ; the tougher the metal, the greater the angle. In 
general, 65° to 6o° for cast steel, 6o° to 550 for wrought iron, 550 to 450 
for cast iron, and 450 to 35° for brass and copper ; the facets being ground 
at an equal inclination to the axis of the chisel. The cutting edge should
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1 he cope or crosscut chisel (Fig. 7) is for cutting narrow channels 
any surface ; it is, in length, about the same as a flat chisel, drawn 

out somewhat heavier, i.e., the taper is shorter. The cutting edge is 
usually about | of an inch wide, and the cutting angle slightly greater than 
in the case of the flat chisel, the bottom facet being at a less angle than 
the top to the axis of the chisel.
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be very slightly rounded in its length, nearly straight in the middle, slightly 
more rounded close to the corners. The rounded edge gives increased 
strength, as the corners are not so apt to break off ; but, if the edge is 
quite straight, better and smoother work can be done ; a chisel with a 
straight edge is, therefore, used to advantage whenever there is clearance 
to its corners. The edge should be carefully ground parallel to the flats, 
and perpendicular to the length of the chisel ; for, if not, in the first case,’ 
the chisel would cut deeper at one side than the other, and, in the 
second, it would be apt to jump sideways after each blow.
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A side-cutting chisel (Fig. 6) is a slightly altered form of flat chisel ; 
the taper is all on one side, as is also the grinding for the facet angle,’ 
while the other side of the chisel is nearly straight, being bevelled very 
slightly only for about \ of an inch from the cutting edge. This tool is 
used very much for cutting down the side of holes, such as the cotter holes 
in a connecting rod.
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edge, decreasing very slightly the first j of an inch, and, after that, 
more. The first ] of an inch guides the chisel, yet, at the same time, 
allowing it enough motion sideways to permit its being properly directed. 
It is even more particular in the case of this chisel that the cutting edge
e ground ProPerly. as it should be at right angles to the flat sides and to 

the line of the chisel.
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Keyway chisels are special sizes of cope chisels, and are of fixed 
widths, usually fl'4 of an inch less than the width of keyway required. The 
greatest width that may be used to advantage is about of an inch, 
for a |-inch keyway ; keyways of greater width being made by two or 
more cuts of a narrower chisel. acts a 
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I he diamond pointed chisel (Fig. 8) receives its name from its shape. 
I he steel is drawn out till almost square at the point, then bevelled from 
corner to corner, the point being usually on a line with a side of the tool, 
and the two sides forming the cutting angle should be about 85° to each 
other. I his chisel is used for cutting out square corners in a round hole, 
for cutting a heavy iron pipe in two, or a thick sheet of metal, etc.

The other chisels

I
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governed in shape by the same general 
principles ; their use is known from their general appearance ; for example, 
the oil-groove chisel is a round-nosed narrow chisel, curved in its length', 
which adapts it for use on the curved surface of bearing brasses, etc. 
When any article has to have a cut taken off one surface, the operation 
should be performed as follows :-Mark the line to which the cut has to 
be taken, and bevel the edges all the way round with a chisel, finishing to 
the line with a file, which will prevent the metal breaking away at the 
edges; next groove the surface, almost to the lines, with 
chisel, leaving ^ oT an inch between the channel, and then 
ridges with a flat chisel, in at least
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two cuts if on cast iron, for, in taking 
a heavy cut on that material, the iron is apt to break away below the line 
of cutting. On wrought iron, use a little oil on the end of the chisel.
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When taking a light cut or using a narrow chisel, hold the chisel 
well to its cut, i.e., keep its cutting edge always against the metal and the 
shaving ; but in heavy chipping, with a flat chisel, a “ rebound motion ” is 
best, i.e., after every blow of the hammer draw the chisel back a little, then 
forward again before the next blow, just as if it rebounded under the force 
of the blow ; in this way one can watch better the cut being taken, and can 
always ensure the cutting edge being properly placed in regard to the 
chipping.
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When chipping stand well in front of the work, so that the hammer 
acts as nearly as possible in a vertical plane. Hold the chisel loosely ; 
a beginner has to be told this but once, for he soon finds out by experi" 
ence that if he grips the chisel like a handspike and happens to miss the 
end of it with his hammer onerous consequences follow, while if he held 
it freely the hand would give before the hammer, and little damage would 
result.

KII.E.

After the chisel naturally follows the file, the proper use of which is 
of the greatest importance. Files are either hand cut, i.e., cut by hammer 
and chisel or machine cut, the former being much superior, 
objection to machine-cut files is an odd one, the teeth are too regular, 
thus causing the file to cut in grooves. A file is fully described when its 
length, cut, fineness, contour, and cross-section are known.
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The length is measured exclusive of the tang. Hand files are rarely 
less than i| inches or more than 20 inches long ; their length does not, 
in general, bear any fixed relation to their width or thickness.

In “cut,” i.e., the way in which the teeth are placed, a file is single, 
double, or rasp (the last is but little used, and so need not be taken 
account of). The single-cut file is one in which the tooth extends the full 
width of the file, being cut by a single course of chisel cuts each parallel to the 
preceding, all inclined at an angle to the central line, varying from 50, on 
brass, to 20 , on harder metals. Double-cut are those having two courses 
of chisel cuts, one crossing the other; the first, the “over-cut,” is inclined 
at from 30 to 50" to the central line, up to the right ; the second, the 

‘ up^cut,” at from 50 to 30° to the left, the lesser angle giving the better 
satisfaction ; the up-cut is usually slightly finer than the over-cut. Single
cut files arc used in all lathe work, and at the vice in filing any narrow 
edge, and for draw filing on soft metals. Half round files are usually single
cut on the round side, as are also round files, the edges of flat files,
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Double cut are by far the most used ; they cut faster, easier, and smoother, 
and are suitable for any description of vice-work. The teeth on a double
cut file are, approximately, diamond pointed,

In fineness, files are divided into six grades, rough, middle, bastard, 
second-cut, smooth, and dead-smooth ; the distance between the teeth 
in each case altogether depending on the size of the file, the teeth of some 
dead-smooth files being so fine that the eye finds it difficult to distinguish 
the lines ; and yet these are cut by hand, the finest coming from Switzer
land.
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As to contour, i.e., the general outline, files are parallel, equalling or 
bellied, and taper. Parallel files, i.e., those of the same diameter or thick
ness from end to end, are but little used ; occasionally long square 
parallel files are of service, as, for example, in filing out a long key way ; 
but the great trouble with these, and, in fact, all files, is to keep them from 
warping in the hardening ; the variation from straight is more noticeable, 
however, in parallel files. Equalling or bellied files are by far the best 
for general purposes, for, as these files are slightly thicker and wider at the 
middle than at either end (the more even the curvature, the better the file), 
it is comparatively a simple matter to obtain a flat surface. Nearly all 
“ flat ” files are equalling. Taper files are those which have a marked 
difference in thickness and width at the centre as compared with the ends, 
especially the point, and in this class are included most round files and 
many half-round and square, and also all triangular files.

In section, files are flat, square, triangular, round, and half-round. 
A flat file is one of any rectangular section other than square. The other 
terms are self-explanatory. Square files are usually double-cut and well 
bellied, one edge usually being made a safe edge. The square files and 
round, generally used, are bastard-cut. Small round files, } of an inch 
and under, are called rat-tails.

There are many other specially shaped files other than those men
tioned, but they do not come much into use in a machine shop.

The flat bastard file is the general-purpose file of the shop, any coarser 
grade being used on soft metals alone or on very large work. For heavy 
filing, a 14-inch file is used, while for lighter work a 12-inch one is quite 
large enough. Unless the work has to be polished, the bastard file will usually 
answer, for any good workman can file quite smoothly with it ; a second- 
cut is, however, used in preference to a bastard when the material is 
unusually hard, the two finer grades of files being used chiefly for polish
ing. When the surface to be filed is wider than the length of the file, a
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surface handle is used which fits over the top of the file, the tang fitting 
into a dovetailed groove in the back end of the handle (see Fig. 11).
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Wnenever it is necessary to use a file in a corner, one side of which 
must not be injured, a “safe edge” is put on the file,/.;., the teeth are 
ground off; in this way a good square corner maybe obtained. Some
times the edge is left uncut, but in that case also the safe edge should be 
reground. When the file is pushed end-wise the operation is called 
“cross-filing ” ; and when it is move'1 in a 'ine at right angles to its length, 
it is termed draw-filing. In heavy cross filing the file should be held so 
that the handle presses against the palm of the right hand, thumb on top, 
while the left hand presses down on the point of the file, the ball of the 
hand on top, the fingers underneath. If, however, the file is thin, the 
point should be held with the thumb and one or two fingers, the fingers 
being nearer the point than the thumb, which exerts a downward pressure, 
an upward pressure being applied by the fingers underneath, thus tending 
to make the file convex on the bottom side. As any file can cut on the 
forward stroke only, remove all pressure from it on the return stroke ; 
otherwise the teeth are apt to break off. 
workman should stand well off from his work, feet wide apart, left foot 
forward, and with each stroke of the file relieve the left foot of all 
pressure, lean forward, and thus make the weight of the body aid in 
pushing the file. At the end of the stroke the left foot should receive 
the weight of the body till the workman has regained his position ready 
for the next stroke. In all cross-filing, no matter for what purpose, the 
file should be given considerable lateral as well as forward motion, 
better results being obtained when it is from right to left, for the file cuts 
better, and there is less injury to the teeth, but the file marks should 
and recross each other every few strokes. In filing any narrow surface 
the file should be applied very diagunally. The beginner will find it an 
exceedingly difficult matter to file flat, for, despite his best efforts, he will 
find that he has,
curvature. I he reason of it is evident : certain pressures are applied at 
each end of the file, therefore as the file advances, if the pressures are 
maintained, the resultant of all the forces is continually changing its 
position, thus causing the file to dip first on one side, then on the other,
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the result of which will be a curve which by no means conforms to the 
equation y = mx 4- c. To counteract this, the pressure exerted by each 
hand must be continually altered, the one decreasing as the other 
increases. No amount of explanation can, however, make a man file flat. 
It is an accomplishment in which one can become proficient only after 
considerable experience.
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Draw-filing is employed for two purposes : first, to ensure a much 
better fit than can be obtained by ordinary cross-filing ; and, secondly, to 
finish the surfaces more smoothly, so that they may be polished. Before 
draw-filing any article, first cross-file it with a file not coarser than a
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second-cut. The greater accuracy obtained from draw-filing arises from 
the fact that it is possible to remove metal just where desired ; the 
curved form of the file allowing it to rest just where it is wanted, and 
strokes of the proper length can, of course, be given. Thus choose a 
well and evenly-bellied file, run your eye along the edge, noting the place 
of greatest curve. Apply that part to the work, grasping the file at each 
end, independent of the handle. Use short strokes, and when draw
filing in preparation for polishing use light pressure, relieving the file 
entirely from pressure on the return stroke. Very great care has to be 
taken to prevent the file “pinning,” i.e., getting the cuttings locked in the 
teeth, and thus causing scratches. As a cause for pinning, long strokes 
and failure to remove the pressure on the back stroke are most conducive ; 
therefore avoid such. Keep the file flat on the work, not tilted to one 
edge, except for rapid first touches, or when perfect freedom from 
scratches is not a necessity. After every few strokes clean the file by 
lightly tapping it on the back of the vice, and occasionally with a file 
card, and at the same time blow off the filings from the work, or wipe 
them off with a dean piece of waste, but by no means use the hand for 
the purpose, for it puts a scale on the iron which it is difficult to make
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any but a new file touch. As another preventive of pinning, the surface 
of the file is rubbed with chalk ; this causes the file to cut smoother, but 
not nearly so rapidly ; the file has to be as frequently cleaned as before 
and re-chalked. The file card is brushed along the line of the teeth, so 
that the wire may reach the bottom of the grooves. To remove any pins 
which may get in the file teeth, use » piece of sheet brass, or wire 
flattened out, which, after being shoved over the file a few times, gets 
teeth cut in it, which easily dislodge the objectionable cuttings or dirt.

When draw-filing in preparation for polishing, it is best to make the 
file marks cross and recross each other, and, if possible, across the grain 
of the iron. I he subject of polishing is a wide one, and cannot be it will
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entered upon here, but, in general, for very fine work proceed as follows : 
After preparing the work with a bastard or second-cut, cross-file, then 
draw-file it with a smooth file, then repeat the operations with a dead- 
smooth one which has been considerably used, and then finish the surface 
with emery cloth, either dry or with oil.

When it is necessary to use a round or half-round file, choose one 
well tapered or bellied, and of a curvature in cross-section less than the 

When cross-filing with either of these files give them a 
side sweep as well as a forward motion, this is given by gradually twisting 
the wrist ; the sweep should be first from right to left, and then from left 
to right. Avoid, as much as possible, draw-filing with a half-round file, 
for the teeth are rarely cut accurately enough, and scratching is 
occur ; but if draw-filing is resorted to, slightly rotate the file at each 
stroke, and give it a little end motion, the marks crossing and recrossing.

Hold all work as close to the vice jaws as possible, and in such a 
position that the file acts in a horizontal plane.

To get a maximum amount of service from a file, it should be used 
first for copper or brass, then, when too dull for these, on wide to medium 
surface of cast iron, then on wide to medium surface of wrought iron, and, 
finally, for any other purpose. Also, to increase the life of a file, be careful 
alwajs to use first an old file until the hard scale is removed ; on any 
hard spots use the edge of the file.

Well, so much for the files and filing ; let attention be next directed to
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curve to be cut.
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SCRAPERS AND SCRAPING.

Scraping is the third graded step in localizing abrasive action, and 
with the use of the scraper an almost perfect surface or bearing can be 
produced. Scrapers may be divided into two cla,*., : those for flat 
surfaces, and those for round or curved surfaces. Ot the first class there 
are two mam forms, each claiming superiority ; they are, first, the ordinary 
straight scraper, straight throughout, made from a flat piece of steel 
and, secondly, a scraper with the cutting edge on a part at right angles to 
the rest of the tool, Fig. 12. Of these two the writer prefers the former;
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46 VICE-WORK.

other ; its operations are much more easily watched and guided, and it 
can he made and sharpened with far less trouble, and for one sharpening 
presents two cutting edges, while the second form has but one. As good 
a scraper as desired can be made from an old flat file drawn out, from 
which the teeth have first been carefully ground, for otherwise it would be 
apt to crack in the hardening or scratch afterwards. Scrapers should, of 
course, be made as hard as fire and water will make them, and for not 
more than | of an inch from the point. The width of the straight scraper 
at the point should be about § of an inch, its thickness T\ of an inch, 
thickening gradually up to the butt, and its length should not exceed 
7 inches exclusive of the handle, for which an ordinary file handle will 
answer. The end of the scraper should be sharpened on the side of an 
emery wheel, being made almost straight in the length of the cutting edge. 
Each cutting edge, which at first contains an angle of 90°, should be care
fully oil-stoned to contain an angle of about 950 ; this is done to 
prevent the scraper “ chattering,” as it otherwise would do. The scraper 
bent at the point has the front face at an angle of from 80° to 90° with the 
top of the scraper, and the bottom face at a considerable angle, say 75°, with 
the front ; the angular projection should not exceed } of an inch. (See 
Fig. 12.) When scraping, grasp the scraper firmly, for considerable pressure 
has- during the first processes to be used, and, as in the case of the file, 
relieve the pressure on the back stroke. Short strokes crossing and 
recrossing each other should be employed. When planer or file marks 
have to be removed, scrape diagonally across them, and it is advisable 
always to give lateral as well as forward motion, as the scraper will cut 
faster and smoother.

When work has to be scraped flat, a surface plate is necessary ; it 
should be of a comparatively thin plate of cast iron, heavily ribbed, and 
should be supported at three, and only three, points. To use the plate, 
“ marking ” is required, which is usually red lead, mixed to a thin paste 
with lubricating oil. (Venetian red is better, but is more expensive.) The 
marking is usually applied with an old rag rolled over and over, and tied 
with a string so as to form a kind of brush ; but when the coating has to 
be very thin, the palm of the hand should be used. The amount of 
marking required depends upon the fineness of the work, varying from a 
thick coating for testing chipping to an almost imperceptible amount for 
fine scraping; if much red lead is employed for scraping, it is impossible 
to obtain a true surface. So by no means believe in the maxim, “ Much 
red lead makes a good bearing.” Have the marking evenly spread over 
the surface of the plate. If the work is large, the surface plate should be
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applied to the work ; but, if not, the work should be applied to the surface 
plate. Take the article which is to be operated upon, and plane or file 
it to as flat and smooth a surface as possible by planing, or cross-filing. 
If a file is used, the work could be frequently tested with a straight-edge, 
applied to various parts, and then the work is laid on the surface plate to 
see if there is any “ rocking,” which should be removed with a file. 
Next, with a scraper remove the surface of the metal almost to the bottom 
of the file or tool marks, using short strokes, as mentioned before, crossing 
and recrossing each other ; then laying the work on the surface plate, and 
holding it somewhere near the centre, move it lightly about, rotating it at 
the same time. The higher spots will be marked with the red lead ; the 
darker the spots the harder the work bore upon the plate. Scrape the 
work when necessary, i.e, whenever the marking shows, removing most 
metal where the spots are darkest ; again lay it on the plate, and again 
scrape where required. These operations have to be repeated over and 
over, till the job is complete. Any well-scraped article presenting about 12 
square inches of surface should be able to lift up by surface contact alone 
a 45 lb. surface plate, each having been rubbed with the hand until 
almost quite dry.

If the work is held in the vice, be most careful to so hold it that the 
pressure of the vice jaws does not throw it out of true, and it is remarkable 
how little pressure is needed to bend even massive castings ; for example, 
a surface plate supported at four points can easily be proved to bend in 
several ways, merely from its own weight, according to which three of the 
four feet are acting ; of course the deflection is small, but still quite per
ceptible ; this is a fact not generally noticed.

If work has to be scraped where a surface plate cannot be con
veniently applied, other methods have to be adopted ; for example, in a valve 
seat, first scrape the valve to a perfect surface, and then true the valve 
seat, using the valve as a surface plate.

When scraping wrought iron, steel, or brass, use a little water, by 
which scratches or chattering are greatly avoided. With brass the cutting 
edge of the scraper should contain an angle of about ioo\

When it is desired to scrape the inside of a hole or the inside of any 
curved surface a half-round scraper is employed, which is made usually 
from a half-round file drawn out to a point, and then slightly and evenly 
curved on its flat side, having a little more curve than a well-tapered ten-inch 
square file; too much curve will cause chattering. The cutting edges are 
along each side, and form an angle with the flat side of about 75 or 80 degrees. 
1 he scraper should be hardened “ right out,” then carefully ground and
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48 VICE-WORK.

honed. The scraper should be given a twisting motion, under con
siderable pressure, and at the same time end motion either inwards or
outwards.

The triangular scraper, usually made from a three-cornered file, 
ground to a point, is used in holes of small diameter or on other small 
curves, and is worked similarly to a half-round scraper.
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THE COUNTRY ROADS OF ONTARIO

By John A. Duff, B.A., Grad. S.P.S.

The following paper has grown out of what 
a discussion on Mr. Johnson’s excellent 
English Roads.”

was originally intended as 
paper on “ The Maintenance of 

My object was to supplement his paper by showing to 
what extent the system which has produced such good results in England 
wou d be applicable to the conditions prevailing in Ontario, and how

in °ur °"n coumry ™ds ihe

fo a„ h üg ’ °:ever-that as this was a s“hject Of personal interest 
to all the members of the Society, it would be well to give full opportunity
for discussion by publishing these remarks as a separate paper This 
decision haying been arrived at, I have incorporated some new matter and 
recast the whole, but without losing sight of my original purpose; and as 
every paper must have a title, this has been called

the country roads of ONTARIO.

At certainI , f seasons °* tlie year, most of our country roads are very
Md some of them are bad at all seasons. Being nearly all earth road,*

direhr,rr<! rdi:8e,han ,as •»uponThetr^I'^r h ““ dCPC"dS ^ ~
season.

This is a very primitive state of things ; and it is not surprising that 
travellers and especially wheelmen, who have walked through sand ankle 

eep, or toiled through clay which only needed underdraining, or jolted
I -«ads and demîrâ theiMhnprovement.1^ °‘ - «

than ?" U‘I “ mdCh
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1THE COUNTRY ROADS OF ONTARIO.5°

hewed out of the forest. The road allowances went up and down hill, 
over swamps and streams, following the lines run by the surveyors, without 
any regard for the two cardinal principles of road location—economy of 
construction and convenience of travel. This great mistake made the 
construction of the roads exceedingly difficult in many localities, and has 
added enormously to the cost of maintenance, to say nothing of the com
fort and the beautiful picturesqueness which a level winding road affords. 
This system of road allowances may have been convenient in the arrange
ment of farms, hut in the hilly country it was fatal to the interests of good 
roads. And would it not have been a more sensible plan to have laid out 
the farms with regard to the configuration of the land, instead of having 
them contain a fixed number of acres? How often do we see a narrow' 
strip of land sepirated by nature from the rest of the farm, which would 
be much more valuable if belonging to the adjoining property !

If a more scientific system of road location had been adopted, the 
problem of road improvement would be much less difficult and less 
urgent than it is to-day.

Much could yet be done to retrieve the blunder by closing up 
unnecessary roads, opening out new roads, and making deviations in 
difficult places.

On these road allowances the pioneers were left to build and main
tain roads in the intervals between the clearing of their fields. The roads 
were only beginning to show the labor which had been done upon them 
when the era of railway construction began, and they were called upon 
to build railw-ays instead of highways to connect them with the world 
outside. They could not well do both. They chose to develop the rail
ways in preference to the highways, but the liberality with which the 
railways were bonused shows that the farmers appreciate the advantages 
of good avenues of transportation, and will not be content with bringing 
the world’s market to the nearest town, but will complete the work by 
bringing it to their own doors.

Now that the province is well supplied with railways, public attention 
is turning towards the highways, and a few years will see a great improve
ment in them, unless the electric railway promoters persuade the farmers 
to build trolley lines instead.

The agitation for the improvement of the roads has already taken 
definite shape, and in February last the Ontario Good Roads’ Association 
was formed.
Department of Agriculture, shows that, though few definite conclusions
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were arrived at, some valuable 
cussion took place.

The feature of the meeting was the vigorous attack made upon the 
statute labor system. It was called antiquated and unscientific, obsolete 
and semi-barbaric ; but the association did not agree upon any better
system, nor upon the kind of road which is both desirable and possible in 
Ontario.

papers were read, and much profitable dis-

1 he latter question should be decided first, because the system of 
maintenance best adapted to one kind of road may not be the best system 
for some other kind.

In most localities in Ontario the choice will be between Earth, Gravel, 
' and Broken Stone or Macadam roads.

EARTH ROADS.)ted, the 
md less

I he most prominent characteristic of earth roads is their infinite 
variety, ranging all the way from a wagon track across a common to a 
road as carefully graded and drained as for Gravel 
without a metal covering.

ising up 
liions in or Macadam, though

Nearly all the country roads in Ontario Earth roads, and very few 
of them are as good as they might be, the chief cause being that little or 
no attention is given to underdraining.
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An instance which has under the writer’s observation is that of a 
place near the foot of a hill, which had a very unpleasant habit of “ break

ing out every spring. Some years ago, under the direction of the path- 
master, the road at this place was paved with field stones, lightly covered 
with earth. Last spring it was impassable, and a sign had to be put up to 
warn travellers. It had “ broken out ” in a fresh place. A few rods of 
tile dram, at a cost of three

come

or four dollars, would have disposed of this 
soakage water, and made the road permanently firm and good.

Such attempts at roadmaking are like trying to make a field dry bv 
closing up the spring holes. Waterattention 

improve- 
e farmers

, , be corked up in the ground
as m a bottle; ,t will ooze out somewhere. A soil saturated with water 
is never firm, and the only way to insure a firm roadbed is to keep it dry 
by providing for the immediate discharge of all water which may fall upon 
it or sink into it. I-or the proper maintenance of any kind of road, there 

is nothing so important as that the foundation should be firm and dry. 
A firm, dry roadbed supports and drains the 
hinders the formation of ruts and holes

cannot
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1THE COUNTRY ROADS OF ONTARIO.

importance in a climate like ours) almost entirely prevents the destruct ve 
action of the frost known as “ heaving.”

If the subsoil be clay, or not naturally dry, it must be thoroughly 
underdrained. Deep side ditches will partially underdrain a narrow road, 
but deep ditches are dangerous. A single drain of three-inch tile laid 
down the centre of the road will generally be sufficient. The trench in 
which the tile is laid should be filled in with gravel, sand, small stones, or 
other loose material, since there is a danger of the clay becoming so com
pacted as to be almost impervious to water, and thus prevent the proper 
action of the drain. The cost of a rod of such a drain may be estimated 
as follows :
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Cost of drain per rod

It would soon pay for itself in tire difference in the cost of maintenance, 
apart from any improvement in the condition of the road.

The advantages of easy grades are better appreciated than good 
drainage, and many of our roads are well graded, though very few are 
properly drained.

The work of grading has been rendered much more difficult by the 
bad system of road location already referred to, and much time and money 
has been spent in grading which might otherwise have gone towards drain
ing and metalling.

75 cts-
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GRAVEL AND MACADAM ROADS.

roads
metal
burde
Engla
roads,
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These roads should be graded and drained the same as Earth roads. 
In fact, the only difference between Earth,Gravel, and Macadam roads is in 
the character of the wearing surface.

For the economic maintenance of a metalled road, it is of great 
importance that the foundation be made firm and dry by thorough under
draining ; otherwise the metal will be continually sinking into the subsoil, 
and will require frequent renewal.

Gravel or Macadam roads dry more quickly than Earth roads, 
because they are harder, smoother, and yet more porous, and the water 
runs into the side ditches or filters to the underdrains more readily.

Ii
is wet,
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THE COUNTRY ROADS OF ONTARIO. 53
Broken stone is a harder andtruct ve unyielding material than gravel, 

especially when the latter is moist, so that the Macadam road is better for 
heavy traffic or wet weather. But if heavy loads in wet weather make ruts 
in a Gravel road, the ordinary traffic fills them in when the road is dry ; 
whilst if ruts form in a Macadam road the subsequent traffic only makes 
them worse, and they must be filled in by day labor. This is an impor
tant consideration when comparing the cost of maintenance of a Gravel and 
a Macadam road.
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A Macadam road is harder the horses’ feet than gravel, and unless 
in good repair is very rough and hard on vehicles, and much inferior to a 
well-conditioned Gravel road.

on

Macadam roads au more expensive in construction and maintenance 
than Gravel roads ; but where there is heavy traffic, or much wet weather, 
and where ample provision will be made for thorough maintenance, they 
are more satisfactory in the end.

THE BEST ROAD FOR ONTARIO.
tenance,

In determining the road best adapted to any locality, the decision 
will chiefly depend upon :

1. First cost.
2. Cost and convenience of maintenance.
3. Climate and soil.
4. Nature and amount of traffic.
5- Number of people directly benefited, and amongst whom the 

is to be distributed.

an good 
f few are

It by the 
d money 
ds drain- cost

6. I he average wealth of the community.
Asa district increases in wealth and population, the traffic on the 

roads becomes heavier, requiring a more durable, if more expensive, road 
metal, while the cost of construction and maintenance becomes less 
burdensome, and is not such an important factor in the calculations. 
England is frequently cited as the country to be imitated in the matter of 
roads, and it is argued that because the English have good Macadam 
roads our roads should also be Macadamized. The weakness of this 
argument consists in the fact that it can easily be shown that the condi- 
lions upon which road construction depends are quite different in England 
from what they are in Ontario.
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says, “Its one great fault of slipperiness, which requires it to he sanded 
every morning, is made up for by its being clean, healthy, and durable.”

This shows the influence of the English climate on the roads better 
than any tables of rainfall or humidity.

In England there is little frost and no sleighing. In Ontario there 
four winter months, during which the roads are frozen hard or covered 

with snow, and live summer months, so dry that even an earth road is in 
good condition. The traffic on 
in Ontario, and a material which would not stand their traffic might serve 
admirably for ours.

England is populous and wealthy, and the cost of construction and 
maintenance are of minor importance. In Ontario, where each farmer 
one hundred acres is required to build and maintain about a quarter of a 
mile of road, the first cost and the cost of maintenance are very serious 
considerations.

In short, the English roads are in commission all the year, the 
climate is wet, the traffic is relatively heavy, and the country is populous 
and wealthy. Accordingly, the cost of construction and maintenance of a 
Macadam road would be counterbalanced by its adaptability to wet 
weather and heavy traffic. In Ontario the conditions are quite different. 
A wet-weather road is needed only three months in the year, the traffic is 
light, except in the vicinity of towns, and the population is so sparse 
that the cost of construction and maintenance may prove a heavy burden. 
In most cases the question will not be, “ What is the best road that might 
be made ? ’’ but, “ What is the best that may be made with the resources 
at our disposal ?’

In a paper on “ The Improvement of Country Roads,” read before the 
Ontario Good Roads’ Association, Mr. A. W. Campbell estimates the cost 
of converting our present earth roads into good, well-drained Macadam or 
gravel roads as follows—the material in each case being obtained within 
five miles :
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COST I'ER MILE

$•,334 00Gravel, width 8 ft., depth 9 in..........................................
Gravel with flake stone foundation, width 8 ft., depth

9 in ................................................................................
Broken stone, width 8 ft., depth 7 in ............................

1,396 00 
1,596 00

EHe does not refer to the cost of maintenance except in the following 
paragraph, which must be quoted full in order to be duly appreciated large j:



per mile I?""1131 ** °f mainlenance of a first c,ass Macadam road at $20

' , "lth,wages at $3° per month, it would require the appropriation for 
twelve miles of road to pay the wages of one man for eight months of the 
year, so that, according to this estimate, one man, working eight months 

. ected to rake and II the road, fill in ruts and
oles, replace wor out culverts and road etal, keep the drains and

f itches clear, etc., etc., on twelve miles of road, and make the material as 
he went along.

Even with this estimate for maintenance, Mr. Campbell derives his 
large profit from a ten per cent, rise in the value of the land. Judge

$21,716 45
“ Total acreage in township, 70,000.
“ Assessed value, $2,700,000; per 100 acres, $3,850.

Estimated actual value, $4,000,000.
“ Extra rate required for annual payment, 4^ mills.
“ Estimaled increase in value of property, 10 per cent., $400,000.
“ In constructing 175 miles of stone road 50 per cent., or $157,500, 

would be expended for labor that could be performed by the ratepayers 
this would be equal to $225 per each

“ The roads would cost $315,000, of which $,57,500 would be spent 
in the township. I he property would be increased in value $400,000.

aking these figures into consideration, the township would be benefited 
to the extent of $242,500 over and above the 
roads.”

100 acres.

cost of construction of the

Total yearly payment
Present maintenance, including statute labor at

$ 1 per day...................
30 years’ actual extra rate

$21,716 45

$ 9,000 00 
12,716 45

175 miles, cost $1,800 per mile... .$315,000 00
Equal annual payments, 4 per cent., thirty years $18,216 45
Maintenance $20 per mile.................................... ^500 00

IHK COUNTRY ROADS OF ONTARIO.

“ To illustrate how the above figures would apply to township muni
cipalities, I have prepared an estimate of the cost of improving 175 miles, 
being the road mileage at present maintained in the township of Yar
mouth, adjoining the city of St. Thomas.
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lo 22 days’ work for 50 years.........
50 years’ interest at 6 per cent....
Say there are 100 ratepayers, and they are, 

like John Smith, giving 22 days each, 
and you have at the end of 50 years,
with only the ordinary earth road.........

Cost of 45 miles of gravelled roads made in
1889 by borrowing...................................

Interest at 6 per cent, for 50 years...............

.........$ i
$ 2,783

278,300

90,000
135,000 225,000

Balance in favor of gravel road. .. $53-3°°

JOHN SMITH DR.

Balance in favor of debentures and 
instalment.................................. $214,900

But if the assessment be low it may get as high as 30 days, as it has 
done. Let us put it in another way :

Statute labor as above......................................
Proportionate annual instalment on deben

tures for 90,000 upon the 100 owners 
of 200-acre farms at the rate of $1,000 
at 6 per cent., $12.63, to give good 
gravelled roads in 1889, each $634.00

$278,300

63,400

Woods does better. He calculates how much cheaper it would be to 
build a gravel road than to maintain an earth road for fifty years.

The following is from his paper read before the Ontario Good Roads’ 
Association :

“ Here are some figures that I have put together, and you can judge 
of the result :

“ Let us take the case of the statute labor account of John Smith, a 
ratepayer on a 200 acre farm, based on an assessment of 22 days, as may 
be found in one of the adjoining townships to this towrn, applied as at 
present on the ordinary earth road for 50 years, as against the borrowing 
of, say, $90,000, wherewith to make 45 miles of gravel road the first year, 
on the assessment of $1,000 for a 200-acre farm :
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The arithmetic is correct so far as the writer has tested it. But would 
not even a good gravel road cost something for maintenance in fifty years ? 
What would his good gravel road be like at the end of that time?

A false argument never benefits a good cause. Sooner or later, it will be 
exploded ; and, if not, it does greater injury by giving rise to hopes which 
never can be realized. There is no doubt that good roads pay, and that 
municipalities cannot spend money more profitably than in judicious road 
improvement ; but the advocates of good roads must depend upon more 
substantial arguments than the “ purely mathematical and financial prin
ciples ” quoted above.

With the exception of underdraining, which hinders the formation of 
ruts and holes, and the destruction of the road by frost, the benefits of 
road improvement are not to be found in a decreased cost of maintenance.

These benefits are none the less real, but are derived from other 
sources, such as increased economy in the marketing of produce and the 
transaction of business, ability to do marketing at any season of the year, 
and thus take advantage of high prices, the increased value in farm property 
which always follows increased profits, and the pleasures and comforts 
which good roads provide.
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The cost of maintenance is much more difficult to estimate than the 
cost of construction. There are so many contingencies, such 
and floods, variation in traffic, and durability of material, that a close 
estimate on maintenance is nearly impossible. It will also depend upon 
whether the road is to be kept continually in as good condition as when 
first constructed, or to be allowed gradually to deteriorate and be renewed 
periodically. All estimates on maintenance should be based upon informa
tion showing what has actually been expended upon similar roads, whenever 
such information is obtainable.
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In the county of York, some of the leading roads are Macadamized 
to a width of ten feet, and maintained by tolls. The following is an 
abstract ol the expenditure on account of maintenance on two o these 
roads for the years specified :

400

900

0

Ni
THE COUNTRV ROADS OK ONTARIO.

“ The London Free Press says of these figures : ‘ Judge Woods places 
the matter of bettering our roads in a clear, intelligent light, on purely 
mathematical and financial principles.’ ”
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EXPENDITURE ON MAINTENANCE. ?
is for 
where 
half c 
a depl 
of our

Kingston Road 
(13 miles).

Yonge Street 
(38% miles).Year.

$ 6,833
7,275
9,710
9,550 
7,546 
8,897 

16,170

$ 3,4731884
1885 3.530 

3-442 
3,709 
3,994
5.531 
4,295 
3,591
5,816

1886
1887

11888
before 
be los

1889
1890

11891 12,077
11,994 mile 01893

$90,052
Average annual maintenance.. $10,005 

Average per mile.... $351

The expenditure for 1892 was not obtained, but it is improbable that 
it would materially affect the result.

There is probably more traffic on Yonge Street and the Kingston Road 
than on other leading roads in Ontario, an i the cost of maintenance 
on other roads would perhaps be less. But, in view of the above figures, 
the severity of our climate, and the cost of labor, $200 per annum seems 
to be a low estimate of the cost of maintaining a mile of Macadam road. 
If the original cost of construction were $16,000 per mile, and if half the 
cost of maintenance went towards renewals, this would provide for the 
renewal of the road metal once in sixteen years.

If all our roads were Macadamized to a width of eight feet, the owner 
of one hundred acres would be required to pay about $400 on construc
tion and $50 per annum on maintenance. This is more than the average 
farmer can afford, and accordingly the roads would be ill-maintained and 
go to ruin, like many of the Macadam roads which now exist in parts of 
Ontario.
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A gravel road does not require that constant attention and experienced 
labor which are so essential to the proper maintenance of a Macadam 
road. Being composed of a more yielding material, the ordinary traffic 
rolls it smooth, more especially if the heavy traffic is carried on wide tires ; 
as it wears smoothly, and if it wears out it is because the gravel is 
pulverized or sinks into the soil. It never becomes rough and unendur
able like a neglected Macadam road, and is generally better for driving 
on than the earth at the sides.
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Mr. Campbell’s estimate of the cost of construction of a gravel road 
is for a depth of nine inches. This depth would not be required, except 
where the traffic was heavy, as on a leading road near a town. One and a 
half cubic yards of gravel to the rod, spread to a width of eight feet and 
a depth of about four inches, is common practice, and is sufficient for most 
of our country roads.

If the road has not already been underdrained, this should be done 
before the gravel is applied ; if not, the gravel will sink into the subsoil and 
be lost.

I he following is an estimate of the cost of draining and gravelling a 
mile of road which has previously been ditched and graded :

3 in. tile drain, at 75 cents per rod..................
330 cubic yards of gravel, at 80 cents per yard 
Spreading and rolling gravel.............................

Cost per mile for draining and gravelling

$165 00 
264 co 

15 00

$424 00

I he draining would not require renewal. Assuming that one-half the 
cost of maintenance went towards renewing the road metal, this road 
could be maintained and renewed once in fourteen years at an annual cost 
of about $40 per mile.

If all our roads were of this description, they would cost the owner of a 
hundred-acre farm about $100 on construction and $10 per year 
maintenance. In this calculation it is assumed that our country roads 
are already graded and ditched, but not underdrained.

on

Ten days is the regular amount of statute labor on an assessment of 
$2,500. Reckoning this at $1 per day, and a hundred-acre farm as 
assessed at $2,500, the road just described could be maintained by the 
ordinary statute labor tax.

Such a road might not be so good as a carefully maintained Macadam 
road, or a deeper gravel road, and it is not recommended where the traffic 
would be heavy ; but it is not beyond our resources, and if all our roads 
were no worse there would be little reason for the outcry for “ better 
roads.”

In the construction of a road there are three distinct operations : (1} 
grading and ditching; (2) underdraining; (3) metalling. The first two 
operations are permanent in their character, and when once properly per
formed do not require to be repeated, except at very long intervals, but 
the metalling is only temporary, and requires constant attention and fre-
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quent renewal. If all three operations cannot be performed at once, they 
should be carried out in the above order, for the underdraining cannot be 
made permanent until the grades are fixed, and any alterations in the 
underdrains disturbs the road metal. But draining should follow ditching 
and grading as soon as possible, in order that the latter may not be de
stroyed by frost and wet. Thus, in opening out a new road, the first thing 
necessary is that it should be properly graded and ditched, next that it 
should be thoroughly underdrained, and, lastly, that the surface be 
improved by the application of whatever road metal the nature of the 
traffic may require. Most Ontario roads have scarcely reached the first 
stage of construction—proper grading and ditching.

Returning to the kind of road which is both desirable and possible 
in Ontario, the roads may be divided into three classes :

i. Those on which there is heavy traffic.
moderate “

“ very little “

Roads of the first class art in the vicinity of large towns, and their 
mileage is comparatively small. The second class would include the roads 
connecting villages and lying along the favorite routes of travel, and 
whose maintenance is of general interest to the community. The third 
class would include the less frequented and purely local roads, many of 
which might, with advantage, be closed up altogether.

The first class of roads should be gravelled to a width of 8 or 12 feet, 
and a depth of 6 or 8 inches, or, if the traffic is very heavy, should be 
Macadamized. The second class should be light gravel roads, as 
described in this paper ; and the third class should be well drained and 
graded earth roads, with a light covering of sand or gravel where the soil 
is heavy clay.

These roads would not be too heavy a burden on the people, and 
could be well maintained. It must never be forgotten that the first 
requisite of a good road is proper maintenance, and an expensive road 
should never be constructed without the assurance that it will be properly 
maintained.

If an increase in the wealth or population of a district made a better 
road desirable, the only expense involved in the conversion of a third-class 
road into a second-class road, or a second class into a first class, would be 
the cost of applying the necessary road metal.
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SYS 1 EM OF GOVERNMENT AND MAINTENANCE.

With few exceptions, the country roads of Ontario are maintained by 
the statute labor system, by which each resident or property owner in a 
township is required to contribute a number of days’ labor (or in commuta
tion thereof a money payment), proportionate to the assessed value of his 
property. The council of each township has authority to pass by-laws 
regulating the manner in which this work shall be performed, and appoint
ing overseers or “ path masters ” to superintend its performance.

It has been the fashion to condemn the statute labor system as the 
chief cause of the unsatisfactory condition of our country roads. But the 
system has never been fairly tested. Apart from being badly administered, 
the statute labor has been required to do work for which it 
intended.

possible

was never
It was intended for the maintenance of the roads, but it has 

been chiefly employed in works of construction-in grading and ditching. 
Can the system, then, be condemned if the little statute labor which was 
not diverted to works of construction has proved inadequate for the work 
of maintenance ?nil their 

he roads 
vel, and 
he third 
many of

The following are the arguments most frequently made use of by 
those who condemn the statute labor system :

. It places work requiring skill and superior intelligence under the 
direction of those who may possess neither.

2. All the work of roadmaking and repair is usually done in about 
week, and during the very worst part of the season for such work—the 

end of July or the beginning of August.
3- l'athmasters undo year after year what their predecessors have 

done.
4- It is a lax system, and some may avoid performance.
5- It gives people the selfish idea that they are interested in roads 

only in their immediate vicinity.
6. Transient labor 

labor under a contractor.
7- By it the roads are not only not properly made or repaired, but are 

absolutely being destroyed.
It does not require much ingenuity to expose the hollowness of argu

ments such as these.
The first three refer to the method of supervision of the road work 

and not to the question at issue, which is : Would it be better to have the 
farmers pay their road taxes in money instead of in labor ?
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As to the fourth, no one can avoid performance if the overseer does rotatio 
at thehis duty.

If the fifth has any weight, it can be easily overcome by making the 
road divisions larger.

T
admin

The sixth may be valid, so far as construction is concerned, but would 
any one seriously consider letting out the maintenance of a road by con
tract ? and the maintenance of the road is the proper province of the 
statute labor.
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In view of what has already been accomplished under this system, the 
seventh needs no refutation.

It will be observed that all these arguments have reference to the 
manner in which the work is done, and are not valid until it has been 
shown that it is impossible or difficult to have the statute labor efficiently 
performed. Another objection seldom mentioned is that the statute 
labor system is applicable only where most of the work may be performed 
with horses and with laborers not specially skilled in roadmaking. Accord
ingly, the statute labor system, though applicable to a gravel or earth road, 
is inapplicable to a Macadam road, and in any case it should be supple
mented by a few workmen constantly employed.

The fact that very few take advantage of the opportunity to commute 
their statute labor indicates that the majority of farmers find it more con
venient to pay the tax in labor than in money. This is because the horses 
and men necessary for the work on a farm are not busily employed through
out the whole season, and it is an advantage to be able to avoid a money 
payment by letting them work upon the road at a time when they are not 
required in the fields.

If the farmers are to work upon the ro.ids at all, it is simpler and 
more natural that each should do his share as statute labor than that they 
should pay taxes, part of which, after passing through several hands, would 
be paid back in the form of wages.

The statute labor system has this further advantage, that, when not 
particularly busy, the farmers often give some extra days’ work when they 
would not vote money for the improvement of the roads.

The great drawback to this system is the manner in which it is 
administered. In the first place, the road divisions are too small. A few 
farmers, with an easy piece of road, have little to do ; a few others, close 
beside them, on a difficult section, have more than they can properly per
form. But the chief difficulty is with the “ pathmasters there are too 
many of them, when so few of them know their work. The system of
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rotation of pathmasters, thus letting each man in the township have a try 
at the roads, is absurd.

The system is good in itself, hut the manner in which it is ordinarily 
administered is indefensible.

How, then, can statute labor be properly administered ? By dividing 
the Township into districts about five miles square, and placing each 
under the direction of an overseer appointed by the Council, and holding 
office during their pleasure. This overseer, who should be one of the 
most intelligent farmers in the community, would be expected to make 
himself familiar with all the most improved methods and machinery for 
road construction and maintenance, and would receive so much per day 
for each day employed upon the roads. He would have complete 
trol of expenditure of the statute labor, and of the commutation or other 
road money to be expended in his district, and could order the work to 
be done in any part of the district. He should frequently examine and 
report upon the condition of the bridges, culverts, etc., and would have 
under him a small

con-

gang of laborers who would be constantly employed 
upon the roads. He would also have authority to appoint foremen, 
the statute labor could not all be performed under his personal supervision.

The township overseers should consult from time to time with the 
county or township engineer, and should carry on their work under his 
general direction. 1’he leading roads which are of general benefit to the 
county should be placed under the immediate control of the

in case

county
engineer, and maintained out of the general county rate. This should be 
done gradually at first, and, if found to work well, other roads could be 
added to those maintained in this manner.

The question rests with the Township and County Councils. 
It would not be necessary to ask for fresh legislation, the present 

Assessment and Municipal Acts giving all necessary powers.
Under such a system the statute labor would be intelligently and 

efficiently performed ; and, while giving satisfactory results, would be 
economical and less burdensome to the farmers than the payment of road 
taxes in cash.

more

CONCLUSION.

In conclusion, there is no doubt of a well-founded demand for 
better roads, but the surest way to obtain them is not by a revolutionary 
change in the road system, but by improvements in the system which we 

ihave, according to the natural laws of growth and development.
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And while it may not tie advisable to imitate the English by building 
Macadam roads, and consequently abolishing statute labor, it is necessary 
to imitate them in “ the three things to which the English roads owe their 
superiority,” which are : “ First, the stability of the foundations ; second, 
the constant, and not spasmodic, attention bestowed on them ; and last, 
but not least, the fact that they are under competent authorities in the 
county engineers and local overseers.”
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I )oes not a tile drain act in the same manner as the crest of a dam 
in regard to taking off the water ?

In wet land the water rises and rises until it finally oozes out on the 
surface of the ground, whereas, if a tile drain be put in, the water will soak 
the ground until it reaches the bottom of the tile, when it is carried away, 
and the height of the water in that part of the ground is kept as low as 
the tile drain.
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If this be so, is it not, then, as some authors contend, advisable to 
pack clay in the trench immediately above the tile ? thus preventing sand 
being carried in the top of the tile, which will eventually block the drain.

I might also add, in regard to materials for good roads, that the best 
road in this part of the township is formed of 8" or io" of the refuse of 
brick kilns, brick bats, etc., covered to a depth of 9" with the cinders 
which are raked out from beneath stationary boilers. This road, although 
continually subject to the passing of wagons loaded with bricks, does not 
wear out, nor allow ruts to form as quickly as the gravel roads. The cost of 
the materials is nothing, as, if the pathmaster did not make use of them, the 
proprietors would be at an expense in hauling them to a suitable dumping

boilers are more thanground. The cinders from two 75 horse power 
ample for keeping a half mile of road in repair.

hardly be quoted as generalAlthough the above materials can 
materials for road construction, there are a great many places where they 

be had, where they are not made use of, but are allowed to be wasted.can

Mr. W. F. Van Buskirk.—I am by no means satisfied that there is 
a demand in Ontario for better roads. There are any number of complaints, 

account of roads and taxes, but I cannot discover anything thatboth on
could be called a demand for improvement among the great mass of the 
people in the western district. The average citizen thinks that we have as 
good roads as possible for the money expended, and cannot see that any
thing is to be gained by investing more money. Any one wishing ocular 
demonstration of this has only to look at the average driveway from road

way to barn.
I am, therefore, of opinion that improvement will come through the 

action of the Provincial or Dominion Government. This is in accordance 
with the experience of Great Britain, France, Germany, etc. The Provincial 
and Dominion authorities will, however, take no action in regard to im
provement until such time as the public are sufficiently educated in the 
matter to submit to interference wiih the existing state of affairs. Some
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township engineer is generally a surveyor, knowing no more about scientific 
roadmaking than the ordinary pathmaster.

Mr. Duff seems to have lost sight of the fact that good roads have a 
cash value to all persons using them, and that they will, undoubtedly, 
increase the value of farm lands, so that it would be possible to spend more 
money upon them than is done at present.

I am of opinion that the only question that should be considered in 
determining the nature of road to build in any locality is No. 4 on Mr. 
Duff’s list, “ Nature and amount of traffic.” All other considerations must 
be subordinate to this in order to keep the road good.

No doubt properly-constructed earth roads, with a little gravel on the 
surface, will answer in most cases ; but wherever the traffic is heavy, as 
upon main roads between town and through townships, the roads should 
be macadamized, and kept up in the most approved manner.

Mr. Campbell’s idea of cheap, and therefore nasty, Macadam roads, 
maintained at a cost of $20 per mile, is rather amusing, but does not merit 
consideration among engineers.

i do not expect much improvement under present management and 
methods, and am of opinion that any change short of thorough reorganiza
tion will only cast discredit upon the promoters and the movement for 
reform.

That untrained troops require the most highly-trained and efficient 
officers is a well-known principle among military men, and applies equally 
well to men employed upon engineering works.

Mr. James McDougall.—The subject of road improvement is one 
of deep interest to me.

I think the -writer is on the right tack in advocating good gravel or 
earth roads which can be more easily maintained than Macadam roads. 
Still it is not going far enough to keep up an agitation in favor of good roads. 
There are portions of the province, such as parts of the counties of Essex, 
Kent, and some others, where gravel is very scarce and the cost of laying 
it down on the roads almost prohibitive, owing to long haul. Such 
conditions should also be discussed. It is most important that the roads 
be well maintained. In this connection Mr. Duff very properly laid 
great stress on the influence of thorough underdraining. I might mention 
a case which has occurred in my own practice. I had been superin
tending the cutting down of a hill on the Kingston Road, where the ground 
showed indications of springs. I had two tile drains laid down the road 
about eight feet apart. These thoroughly drained the hill, which is hard
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and firm even m the wettest weather, and the Macadam over the drains 
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the grants would be made, as in the case of schools obtaining government 
grants. The local authorities, in order to obtain these grants, would see 
that the roads were efficiently maintained, and a spirit of emulation would 
be inaugurated, even should the grants be comparatively small.

I am in accord with a great deal that Mr. Duff had said in reference 
to statute labor. Its proper rôle is the maintenance of roads, and not 
their construction. In Vaughan it is used to great advantage in this 
way, teams being employed to work the road machine to level down ruts 
and round up the crown of the roads after the spring rains and traffic has 
put them out of shape.
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Mr. S. M. Johnson.—We are greatly indebted to Mr. Duff for his 
clearly stated views upon this important subject. We are all interested in 
the advancement of this movement for better roads, but we must recognize 
that there is nothing which in the end retards a needed reform more than 
overestimating the advantages to be derived, or stating the increased cost 
at too low a figure, and thereby causing disappointment and a reaction 
against the movement.

The tables regarding the cost of the macadamized roads of the county 
of York are very interesting, although their cost does not compare favor
ably with the English roads. It must, however, be remembered that if the 
system were to be extended the cost per mile would be lowered, as these 
roads are situated where the greatest traffic, and, therefore, the greatest 
wear, occurs. I would like to ask Mr. Duff at what season of the year 
the metal is placed upon the York roads. We all know that upon our 
average road under the statute labor system the material (when any is 
added) is laid on in the early summer, and just at the season when the 
roads are naturally at their best, which, instead of improving the roads, 
diverts the traffic to the side.

In my experience I have only seen one attempt to obviate this, and 
in that case the gravel was placed upon the road just as the frost left the 
ground in the spring, and when the roads are generally at their worst. 
The result was that the traffic soon had the new material compact, and in 
the summer a good road resulted, and there is no doubt, had the road 
been first scraped, the advantage would have been still greater. I am of the 
opinion that could a system be devised whereby gravel could be placed 
upon the roads after scraping in the spring and fall a great advance would 
be made.

The thorough drainage of the roadbed is an important part of the 
construction of any road, and especially is this the case in Canada, where
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the frost, by its heaving ” action, does so much damage, this being greatly 
aggravated by the presence of water, 
drained in many places, but these drains are not intended to carry off the 
surface water, but to cut off all water from the subsoil, their aim being to 
make the road surface impervious, and thus shed all surface water towards 
the side ditches.
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would bear the interpretation placed upon them by Mr. Deacon ; it 
certainly was not intended that they should. The basis of all land sub
division should be rectangular, and I never thought of the surveyor’s lines 
being run other than as they are. It was not proposed that the original 
surveyor should divide the township into irregular blocks, but that the 
settler should have more freedom in purchasing any portion of a lot or 
of two adjoining lots, so that the lands which naturally lay together should 
belong to the same farm.
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What I did object to was the practice of 
blindly “ following the lines run by the surveyors ” in those cases where 

compact farms would have been obtained by 
deviating from them. I am pleased to note that Mr. Deacon’s views 
this subject are very similar to my

I am indebted to Messrs. Van Buskirk and Peddar for pointing out the 
mistake which occurs in the description of the filling in of a tile drain. 
The sentence should have read, “ The upper part of the trench in which 
the tile is laid should be filled in with gravel,” etc. When tile are laid 
they should be covered with three or four inches of clay, well rammed in 
about the tile ; this will prevent any loose material from working into the 
joints. When clay is not available for this purpose, sods, hay, or straw, or 
similar materials, are sometimes used, but these are only necessary in the 
case of quicksand.
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Mÿ theory of the action of a tile drain is somewhat different from 
theirs. The pores of the soil form so many channels through which water 
may flow. But water will not flow except down grade or under a pressure 
head higher than its level, and if the flow is obstructed the grade must be 
steeper or the pressure greater. In every case of underdraining there will 
be a surface separating the soil from which the water is drawn off from 
that which is below the influence of the drain. This surface may be called 
the water table. In sandy, porous soils, through which water flows freely, 
it will be practically horizontal ; but in clays, where the flow is impeded 
and is not along horizontal lines, the water table is inclined. The 
inclination for ordinary heavy clay is about one vertical to ten horizontal;
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so that the water table to a drain three feet deep would intersect the sur
face at about thirty feet on either side. If the clay is made more porous 
or the flow of water facilitated in any other way, the water table will be 
more horizontal and the influence of the drains extended.
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One w'ay of accomplishing this is to fill the upper part of the trench 
over the tile with gravel, thus making a large trench to which the water 
will flow, and then filter through the few inches of clay to the drain under
neath.

The object of underdraining is not merely to carry olf the water 
which oozes into the subsoil under pressure from a distant head. No 
matter how hard and smooth the surface may be, the rain water will not 
be all shed into the side gutters, some will sink into the subsoil. An 
important function of the underdrain is to carry this water off rapidly, and 
prevent it from rendering the roadbed soft and yielding, or subject to the 
influence of frost. This beneficial influence of the underdrain is more 
noticeable in earth and gravel roads, where a larger proportion of the rain 
water is retained by loose earth, ruts, etc., until absorbed into the soil.

I am much pleased to observe the unanimity of opinion with regard 
to the necessity for underdraining in order to secure a firm, dry roadbed, 
which is the most important requisite in a good road. Yet this is the very 
condition which in practice is most neglected, perhaps because the de
struction occasioned by a wet subsoil goes on gradually and unseen. If the 
government adopts Mr. Van Buskirk’s suggestion, and gives public instruc
tion in roadmaking, the first lesson to be taught is the necessity of a firm 
subsoil, and that if the subsoil is not naturally very dry it must be 
underdrained.

It is said that the assumption “ that our country roads arc already 
graded and ditched ” is entirely unwarranted. If the writer had considered 
that they were properly graded and ditched, it would have been stated 
as a fact, and not as an assumption made merely for the purpose of facili
tating the calculation. In counties of York and Simcoe (with which I am 
most familiar) a great many roads are well graded and ditched, whilst on the 
others the amount of grading and ditching done is so variable that it would 
be difficult to make a general estimate of the cost of completing the work. 
It was simply to avoid making this estimate that I assumed that the roads 
were ditched and graded, and I do not consider such an assumption mis
leading or unwarranted.

I concur in Mr. Van Buskirk’s opinion of Mr. Campbell’s cheap 
Macadam roads. Such erroneous ideas do no harm amongst engineers, but 
where they are widely disseminated amongst the farmers (who are, after all,

>
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the men who decide what kind of roads we are to have) then every 
engineer is in duty bound to expose the error, especially in such 
the present, where Mr. Campbell’s position as City Engineer of St. Thomas 
may give to his opinions a prestige they might not otherwise possess.

In the case of Judge Wood’s “ figures,’’ I regret having taken up space 
with such misleading and ridiculous “calculations.”

Although the nature and amount of traffic is the most important 
sidération in determining the kind of road which should be built, and the 
essential condition of the road to be thoroughly maintained, yet necessity 
knows no law, and the vital question for us in Ontario is : What is the 
best road that we are able to maintain ?

One of the objects I had n preparing this paper was to call our road 
reformers down from quixotic discussions on the theoretically best road, 
and induce them to grapple with the conditions which actually do exist in 
Ontario. Would a man spend his time planning how to erect a castle, 
when he has only an axe and a few nails with which to build a cabin ?

Scientific roadmaking is not necessarily the work of a surveyor, and 
many a good surveyor may know nothing of making roads. But the edu
cation of a surveyor is such that he can easily learn the science of 
roadmaking, and should he be township engineer, and it be made 
a part of his duty to superintend the roads, he could make himself 
proficient, or, if not, could be dismissed as incompetent.

In answer to Mr. Johnson’s question, I would state that the new metal 
is placed on the York roads in the spring and fall. The difference between 
the cost of maintaining these roads and English Macadam roads is no doubt 
due in some measure to the cause mentioned by Mr. Johnson. Other 
causes which may be mentioned are the severity of our winter frosts, the 
difference in the price of labor, the character of the soil, which is nearly 
all heavy clay, and the fact that they are imperfectly underdrained.

I think very favorably of Mr. McDougall’s plan of provincial and 
county subsidies, provided that they are expended, as he suggests, by the 
local authorities. 1 his might be combined with the writer’s suggestion, 
that the township councils divide the township into about four divisions, 
and place the roads in each under the supervision of an intelligent farmer, 
who would make a special study of roadmaking, and personally superin
tend the expenditure of all road money and statute labor in his division. 
This I believe to be the best practical solution of the road question 
in Ontario.
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AERIAL MECHANICAL FLIGHT

C. H. Mitchell, B.A.Sc.

I con:
The following paper is, for the most part, a compilation of prevailing 

theories and ideas advanced by different writers, together with the results 
of observations and experiments which have up to the present been made 
in this new field of science. It is well recognized that until recently the 
subject of mechanical flight has been the object of considerable ridicule, 
but the fact that the scientific world is rapidly turning its attention to 
aerodynamical research warrants *us in making haste to acquaint ourselves 
with the progress in this direction.

I wish it to be distinctly understood that I am not a disciple of any 
particular method or theory of flight, and that I have interested myself 
in the subject for no other purpose than to become familiar with the 
underlying scientific principles.
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I have attached this title to the following paper chiefly for the 
purpose of discriminating against what has up the present been known as 
aeronautics, but which is now referred to as aerostation. Within the past 
five years there has come forcibly before the eyes of the world 
branch of aeronautics—that now known scientifically as aviation, and 
which shares with the former the chances of aerial navigation. Here
tofore “ aerostation ” has won all the fame which has been conferred 
aerial invention, and the disciples of that branch of the subject have 
looked down with a commiserating eye from their lofty vantage on their 
struggling brethren of the aviation family. A well-known writer very tersely 
puts the discrimination in this way : “ There were two roads to possible 
success the one broad, beautiful, smooth, and bordered with flowers, 
but, after all, leading to no result—it was that of aerostation, of balloons, 
lighter than air ; the other way

a new

on

was contrariwise, a rough, narrow, rugged 
path, bristling with difficulties, but still leading to something—it was that 
of aviation, of rapid transit by machines heavier than the air.”
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do not propose at this point to discuss the question of balloons vs. 
mechanical flight (that will come in further on), but I desire to point out 
that this paper will deal exclusively with the newer branch, its history, its 
aims, designs, and possibilities. Owing to the fact that the subject is in 
its merest infancy, that no literature of a responsible nature of a date 
previous to 1881 is obtainable, and that the greater part of it is in 
periodical form of a very recent date, particularly since the aerial 
congress at Chicago in 1893, the compilation of a comprehensive 
is somewhat unsatisfactory unless all information is 
worthy.

1

paper 
thoroughly trust-

I consider that this new branch of science which has so suddenly 
and forcibly thrust itself upon us is one which we as engineers should at 

make ourselves sufficiently acquainted with, so as to be prepared for its 
actual development, which is assuredly not far distant. With this view, 
I have taken time by the forelock, and have endeavored to give to the 
members of the Engineering Society the benefit of my reading and 
observation in the subject during the past year.

If there is one haunting predominant conception more than another 
which to-day infests the mind’s fancy, it is that we may possibly before 
long be soaring the air, partners with the feathery tribe which 
since the beginning held universal sway in the realms of Æolus. 
happjly, some of our fellow-men have fallen dire victims to the conception, 
and, if they have lived long enough in the possession of it, have been 
looked at askance with pitying contempt, and dubbed “cranks,” perhaps 
too persistently. Now, however, this dream of the enterprising inventive 
genius is drawing near to its realization ; he no longer stands before the 
finger of ridicule, no longer is he classed with the seekers after the elixir 
of life and perpetual motion ; the past few years have been more lenient, 
and his innings has come.

once

have
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Perhaps the cause of the ridicule which has been so ludicrously 
hurled at the disciples of the “flying machine” during the past maybe 
summed up in a few words. Heretofore our attention has been called to 
mechanical devices for the most part designed and built by mechanics, 
without a thorough scientific basis—in fact, with no other recommendation
than that “ they ought to fly.” Of course the results could have been 
foretold. Now, however, we find scientific men of the very highest 
reputation delving into the previously existing data, making new 
deductions, performing all kinds of preliminary experiments and tests, but 
proceeding in the most cautious and logical manner, content with 
“making haste slowly”; their fondest hopes being that in a few years a
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machine that will raise itseli off the ground may be constructed. The 
scientific world has acquired confidence in these men, and has ere this 
proceeded to offer assistance in a very tangible manner, so that now we 
find scientific societies, clubs, and single experimenters all combined in a 
grand race for the goal not far distant.
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Much of the experimentation so far concluded may be said to be 
based upon the work of the early physicists, notably Newton, Gay Lussac, 
and Hutton, though the results of these men have been greatly modified 

in fact, sometimes have they been found entirely at variance with 
nature. As before intimated, these results were not made use of for any 
aeronautical purposes, all the attention being bestowed on the balloon, 
with the result that no particularly successful method of aerial navigation 
was forthcoming. I do not mean to say that no advantage was gained 
for the balloon has been 
its means we have discovered

most valuable in all scientific directions, and by 
of the idiosyncrasies of the upper air 

currents, a thorough knowledge of which, by the way, is an absolute 
necessity for successful navigation. But the balloon has so far demon
strated one

some

important thing, and that is that for rapid and complete aerial 
flight for all purposes we must look not to the gas bag—lighter than the 
air—but to the fully-equipped heavy machine, with inherent capabilities, 
as it were, of sustaining and propelling itself in all conditions of wind and 
weather. It is needless to point out how this has been brought about, 
for the very circumstances of ballooning are against it as a means of 
navigation. Balloons costly, clumsy, easily damaged, and with 

dependent, for the most part, on fair weather, 
perfectly helpless in a wind storm, and, above all, 
war balloon “La France”

are
difficulty repaired ; they are

are slow. The great 
accomplished only fourteen miles per hour, 

under construction by the same experimenters 
(the French Government) which are to attain twenty-five miles per hour. 
1 his will be, if successful, a truly great accomplishment, but when we 
remember that such balloon trips are limited necessarily to a few hours, 
and that the maintenance cçmmercially is enormous, while there is only 
a thin piece of silk between

There are balloons now

and complete collapse, we are in this 
age of business enterprise slow to consider it advantag

It seems almost absurd for men of our scientific age to look toward 
the gas bag as a means of aerial suspension, for what is there in 
warrant such? What parallel is there ? All birds

success
eous.
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else have entirely ignored them, 
contempt passed over the everyday principles underlying the kite, the 
boomerang, or the skater on thin ice. We have discovered the useless
ness of the gas bag, and have sought to replace it by some mechanical 
device of wondrous intricacy, a galaxy of propellers and screws, a la Jules 
Verne, forgetful of the fact that there are scores of birds which for hours 
together soar in the air almost without dynamic effort, using only the wind 
currents, and that in the simple kite of our juvenile days is the secret of 
their movement. These things 
world, and the current of research has accordingly veered around in the 
new direction, so that, in place of intricate mechanical creations, we find 
the much-talked-of “aeroplane.”

The result of all this is that we have now, out of a multitude of 
designs and principles, hit upon what, as far as we know, is going to lead 
to something substantial—a single line of experiment only, toward which 
all energies are being bent.

The basis of these investigations may be divided into three distinct 
parts, which it will be necessary to consider in the abstract before 
touch upon the principles of the flying machine. This division 
be made as follows :—(i) 1 he flight of birds ; (2) observations 
the principles of the kite and other similar contrivances; (3) abstract 
experiments in the “ laboratory.” 
their value as. such will be in proportion to their reliability. Having 
discussed these divisions, it is the province of this paper to consider the 
generally accepted theories of the ideal “ flying machine.” It will then be 
in order to review what has actually been done in the experimental world 
with reference to aerial navigation, which means a résumé of the different 
machines now constructed and on trial.

Bird flight, after years of close study by naturalists and physicists, 
still remains very much an enigma. It may appear easily, or with diffi
culty, accounted for, according as one looks at it. It is one of the few 
unsolved everyday problems which have been so prolific of discussion 
during the past years in the scientific world. Perhaps the most insur
mountable difficulty which presents itself for pursuing investigation in this 
direction is that of the inaccessibility for experiment and observation. Could 
we spend our time side by side with the birds, we might soon discover 
their secret. Those to whom we owe our present knowledge in this sub
ject have obtained their information with great difficulty, and, even t’ en, 
it is, for the most part, very incomplete, and does npt furnish us with any 
real precise data. Were it possible to domesticate the birds
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interested in, and place them under close scrutiny in the laboratory, the 
task would be simpler, perhaps, but the results not as valuable.

Before considering the flying process, let us examine into the anatomy 
of the bird with reference to flying. For our purposes, the bird consists 
of three parts, the body, the wings, and the tail, 
sidered, the two wings and the tail form the
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though the function of the latter, in this regard, is very much restricted. 
1 he centre of gravity is, of course, situate within the body of the bird 
though it can be shifted by means of the movement of the wings, 
body proper and the tail 
brium ;

The
serve, generally, to obtain steadiness and equili- 

in some birds, having a deep breast bone, the body acts like the keel 
of a ship. The wing consists, essentially, of three parts, having two joints, 
by means of which the whole can be contracted.... or extended. The
peculiar joint system, and the strong muscles, permit of movement of the 
wing in almost any direction with very great rapidity. The general 
structure of the wing is a marvellously exquisite contrivance, combining
strength, flexibility, and lightness. With the quills hollow and tapering, 
and the web composed of overlapping feather vanes, closely clinging and 
fitting into each other, the whole comprises an exceedingly light aeroplane, 
impermeable to air under certain conditions. The quill of the feather 
as we all know, is nearer to the forward edge of the plane surface, which 
edge is turned downwards, and the forward feather underlies the next one 
back, from this it is seen that the wing, on an up stroke, can be made 
to permit the free passage of air downwards, while, on a down stroke, 
it would be impermeable. The wing bones are all situated on the for
ward edge of the wing plane, so that a flapping motion partakes, partially, 
of a rotation of the plane about this forward axis, and the ends 
strong wing feathers (primaries) flex upwards on the down stroke.

The wing and its action is, to us, the most important. It has two 
distinct functions : that of a propeller, and that of a sustaining aeroplane, 
though the relative use of each varies exceedingly in different species.’ 
Insects and small birds use their wings almost entirely as propellers, beat
ing the air and flapping, sometimes, with great rapidity. Large birds, 
having wing surface of great expanse, resort, to a very great extent, to 
soaring and gliding by means of their wings as aeroplanes. There arc 
essentially, two kinds of wings : the one, long, and the other, short. It can 
be easily understood that a bird with long and wide wings is well prepared 
for soaring, an adaptability which increases with mass ; also, that the bird 
with long and narrow wings can fly in great winds, that short and narrow 
wings can attain great speed, while short and wide wings produce but
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ordinary flight. By these considerations, we may enunciate the law that 
velocity is in inverse ratio to wing surface. Though we speak of birds’ 
wings as aeroplanes, it is only to a few of the smaller birds and the insects 
that such can be really applied, for most wings are concave on the under
side, a fact that, though known, has not been greatly recognized by inves
tigators until recently.

In Plate 2 are shown three positions of the wings of a bird, to illustrate 
the mode of changing the centre of gravity ; no explanation is necessary.

The tail of the bird serves, to some degree, three functions—to sus
tain, to direct, and to preserve equilibrium, though it is not a necessity to 
flight, for many birds have little tail, and all birds, when deprived of their 
tails, can manage to fly. 1 he size of the tail has no apparent effect on 
the flying qualities, though very large tails denote feeble flight. The tail 
is most valuable in acting as a rudder, and swift birds utilize a very power
ful tail in changing direction quickly, so that the law might be stated, that 
the aptitude for changing direction of flight is in direct proportion to the 
size and power of the tail. It may also be used to shift the centre of 
gravity forward or backward, and, in 
porting plane.

Curious explanations of bird fight have been presented by 
investigators, in which they attribute much of the unexplainable to the 
fact that the bones of the bird are porous and contain spaces presumably 
filled with rarefied air. Such, certainly exist, but the explanation is 
sidered very weak, for, by actual experiment, it is found that the specific 
gravity of the bird without its feathers is about unity, the same as that of 
man, mammals, and fishes. Even a water bird, if deprived of its feathers, 
will sink. It has been urged that there is some property in the feather 
covering which assists flight. This, apparently, can be true in only 
sense, viz., that it forms an elastic cushion, frictionless in the air, displac
ing more of that fluid, and, hence, lowering the specific gravity, though to 
a small degree only. Strangely, however, it is found that a bird, when 
stripped of his body feathers (thus leaving him his wings and tail intact), 
will still be able to fly with apparent ease, though, perhaps, awkwardly at 
first.
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Hence, then, if we are to attribute the flying powers of the bird to 
its actual organism, we must look to other quarters. We see that the 
bird is much heavier than the air, for it immediately falls to the ground 
when shot. We know that birds can fly under nearly all conditions of 
weather, that they can fly with body feathers stripped, with tail cut, and 
with wings clipped, also that they can still fly if artificial wings are substi-
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tuled. What, then, can we do but consider the bird as a machine, a 
highly organized mechanical creation, sustaining itself through, the 
reactions produced by muscular effort, “ not as a balloon floating in the 
air, but as a stone glancing along the water, or a skater gliding over thin 
ice”?

Our study of birds now takes two courses as regards aviation, the 
that of flapping, and the other that of soaring flight. Flapping flight, 

as far as the bird is concerned, is easily explained, and requires but brief 
attention. The following description is that presented by Mouillard in 
“ L’Empire de l’Air Presuming that the bird is on the ground and 
ready to fly, he is crouching to spring upwards, his wings hanging loosely, 
the position, then, of the three parts of the wing is such as to offer little 
resistance to an upward thrust, the feathers being “ edge on.” The bird 
makes the jump, and, at the same time, the upstroke, the whole wing 
being contracted and close in towards the body, so as to present the least 
possible surface, and yet quickly and easily execute the movement. Then 
comes the down stroke. The wipg is fully extended and stiff, all feathers 
completely overlapping, and forming a surface concave on the underside. 
1’he “ down stroke ” is downwards and backwards, and this accomplishes 
not only an upward, but a forward movement. The effect is easily 
by reference to Figure i, Plate i. The wing is then again contracted, 
moved forward and upward, then extended, and ready for another down 
beat. Flapping flight is used by certain birds continually, while other 
birds alternate it with soaring, and others use it only on occasions such as 
when rising quickly from the ground, on a calm day, or when surprised. 
The angle of rising motion is seldom greater than 45°, and a vertical rise 
is rarely seen, being at best a most difficult manœuvre. This method of 
flight apparently requires great power and 'endurance on the part of the 
bird, and it is generally found that all the small and light active birds 
use it.

one
C7
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tPLAN

(
Soaring or sailing flight, though simpler in appearance perhaps, is 

much more difficult of explanation, and, in fact, is not yet explained to 
the satisfaction of the investigator.
secret of aerial flight we are so desirous of discovering, but 
though it yet remains a mystery, we are assured that by copying the 
soaring birds as far as we are able we are pursuing the most natural and 
logical course toward the desired end. We are all now pretty well aware 
that there are many birds which sail on the air without apparent muscular 
propulsion, utilizing some subtle inherent force either of the air or them
selves. The principal of these are to be found in the tropics, and are, in
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general, large birds, while a few smaller ,r_ 
latitudes. The gull, petrel, albatross, hawk, 
kite, buzzard, and vulture, 
class.

81

species inhabit more northern 
kestrel falcon, the pelican, 

are the representative members of the soaring

The discussion of soaring requires a thorough knowledge of the 
behavior of the a,r currents passing over the earth’s surface, and this i 
just where we are at a loss, for we know comparatively little of 
J erhaps a thorough expose, as it 
particularly with reference to local 
of soaring flight.

anemometry. 
were, of the antics of the winds, 

disturbance, would solve the question '

No better way of explaining soaring flight 
describing that indulged in by 
reasons we will

be presented than by 
a rePr<-*sentative bird, and for different 

T ... . a e t ie great tawny vulture (Gyps/ulvus)
I Will again refer largely to Mouillard, as 
student of this bird.

can

I-as our teacher.
. be has perhaps been the greatest

, , * 1,s vulture, as is well known, is at home in the
east, and has been watched most closely at Cairo, Egypt 
is most successful, and when 
namely, that he is the laziest bird 
sustains himself with the least 
the utmost science.

As a flyer he
we couple with that fact another one,

created, we must conclude that he 
expenditure of force, and hence flies with 

_ , . , Hls we'ght is very great, and his wines laree and
P wer u, wo facts which at once mean momentum and sustaining power. 
He weighs, probably, sixteen pounds, and spreads his wings eight feet or 
more, with perhaps eleven square feet within his contour-a trufy magnifi 
cent aeroplane. I he bird himself has a forbidding and repulsive Lk 

ut h's bright eye and powerful movement invite us to a closer inspection’ 
aid r ? u T' C Wi" rCSt in his rock-v eyrie during the gray dawn
his I igs and lir100"’ Um" thC 'and brCeZe sPri,,®s “P. when he flaps 

s wmgS and Innbers up, yawns, as it were, and with a jump and three
our aeats of Ins wings he launches forth for his day’s work He

thirty yards on rigid „i„,s, 6,i„i„8 a“d

backwards ^°arm8 fl'ght’ W,th win8s extended and tipped slightly 
backwards. Now comes the interesting series of manœuvres he
h mencesa senes of c.rdings, of a hélicoïdal nature, and we discover 

'mb.ng up into the heavens, without a single wing beat ; higher and

now
and

He may
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remain aloft in this way for hours, gently sailing on the breeze, when 
suddenly he descries from afar the meal for which he is in search, and he 
commences a long, steady, majestic descent, swift, but dignified, which 
soon lands him at his prey. During the whole morning’s work he has 
scarcely flapped his wings once. True, there has been a breeze, but 
almost imperceptible. “ When we watch a martin flashing through space, 
we think of high speed mechanism ; when it is a snipe or a partridge 
which flies off, we are reminded of the action of a released spring ; a gull 
suggests perpetual motion, but the view of the great vulture in sailing 
flight inspires at once the desire for imitation.: it is a dirigible parachute 
which man may hope to reproduce.”

Let us turn our attention to other similar instances of bird flight. A 
typical case is related by M. Brctonniere as he saw it at Constantine, 
Algeria. Storks commonly performed a series of circular orbits, similar 
to that shown in Figure 7, Plate 1. From A to B the bird, with a certain 
momentum, descended in the direction of the wind, then he glided 

and upward against thç wind to C, crossed it at D, thence to A, 
whence he commenced a long but slight descent, repeating the operation 
as before.
The same gentleman finds that a bird can hold itself head on to the wind 
and remain practically in the same position in space. He finds that 
certain birds will precipitate themselves from a height of, say, a hundred 
feet in order to raise themselves, against the wind, to a greater altitude. 
He also tells us of instances of birds sailing downwards in a gentle wind 

ttvhich, when arriving at a certain exposed place, encountered a very strong 
\wind from a side direction ; they immediately headed against the wind and 

twenty or thirty yards very rapidly, whence they commenced circling. 
Mr. E. C. Huffaker has made a number of valuable observations on 

vultures in the mountains of Tennessee. He- finds that in a wind of

B I I

across

The series of movements is of course made without flapping.

rose WINS!

thirty miles per hour the vulture cannot make any soaring headway 
against it, but resorts to a system of vertical tacking. The bird can, by- 
exposing the underside of his wings properly to a strong wind, rise verti
cally, though being drifted backward. By sailing across the wind a very- 
swift flight maybe attained horizontally, in which the bird, however, heads so 
as to make a slight angle with the wind, also the swift flight may be stopped 
by facing the wind. The same writer tells of the following instance of a 
buzzard soaring about fifty feet above a level, open field, when, by refer- 

to neighboring high trees, not even a slight breeze was noticeable. Theence
flight was elliptical and of a velocity of twenty-five feet per second, 
requiring about five seconds to complete its orbit. It made some twenty
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revolutions in a horizontal plane, so that in about a minute and a half it 
progressed some five hundred feet, having maintained its original eleva ion 
and velocity', and not flapped its wings. He says that in the above 
o horizontal soaring, a slight increase of velocity could be detected as 
the bird passed the vertices of the ellipse. This is most noticeable in the 
common mode of flight. - Instead of moving in horizontal cir.L Z

— it t en7y as il may ,,0ssess '>y Klidmg upwards. Having 
its velocity ,t hangs for a moment almost motionless, turns backward 

sweeps suddenly downward like a wheel with the ’
elevated ; then with a single powerful stroke I
m.o a horizontal position and sp«d, away with , yelodty due to -, fall 
of twice as many feet as it has taken.” >

,, ,''in=aster- tl,e well-known naturalist, finds that frigate birds
ilnt tl K<’ ‘ r ratfe°f °nC hUndrcd mi,es t)er hour on fixed wings, and also
that they can live for a week on the wing. Professor I e rw
numerous examples of albatross flight, notably that of' folloJingTboat 

against the wind. The bird skims the surface behind h i , 7 
of course falls behind rapidly; he then rises quickly against the’wind 
wheels and swoops downward with the wind, until he has gained 
velocity, after which he turns again 
water, overtakes the boat.

83

case

outer wing greatly 
brings the wings and hod y

are

a great
toward the wind, and, skimming the

I have given these brief examples of bird flight for the 
mg concisely what evolutions birds are 
explain them and to apply the principle 
and a discussion of such will be

sake of show- 
capable of accomplishing. To 
to man flight is another matter,

now in order.
Lrieftv^ r"*?"8 "lh.,b*r 1>°»ever, it wll l.e of advantage look 

y nto the matter of wind currents as regards bird flight md 1 
into general consideration of flight of birds Wind n ,’, d S° 
generally horiaontal direction, and „ y Z |„ IZt.Z ! ™ *

il. gum 0, squalls, or ma, =ha„6e in vZ . n ZTi nrd::tg rr t r** m - r~:
the greater velocity there is. That such ' X 16 farther Up we 8°
rjtTeTmustnd WC reC°gniZe thC ‘fie"sLur^cZ bel

2!h',t;?= Z” J Wher= ,hE manœuvre. UneveZsZ La

on



«4 • A K KIAI MIX HANK AI. KI.K1HT.

Us side, because there may be a strong upward pressure along the sidehill, 
the result of the upward diverted current j this would create an upward 
sustaining breeze at the brow. There are many other cases also where 
an upward current may be encountered. Downward currents are also 
frequently formed. The observations on thistledown, smoke,
(lakes, and sand show the varying moods of our “enclosing envelope.'’

hor every pound weight of bird pressing downwards there must be 
an equivalent upward pressure to insure suspension alone, without 
propulsion. This upward pressure can be produced in only two ways, 
either by some natural pressure of previously existing air currents, or by 

effort expended by the bird in giving a downward motion to air 
previously at rest. The former acts only on occasions, as we know when 
there is an ascending current of air. Generally speaking, then, the bird 
must set up a downward current by some means at every point of his 
route, and the greater volume of air he displaces, and the quicker he does 
it, the better suspension he obtains, and, if he is moving horizontally, the 
greater his velocity ; that is to' say, the more air he will pass over and 
force downward in a given time. The soaring bird’s wing is curved 
concave on the underside, as previously stated, which teaches us a very 
important thing. We all know that the impulse derived by a surface on 
which a moving fluid is impinging is proportional to the change of 
direction of motion caused by such surface. This is the principle 
which the blades of a screw propeller, a turbine, or a windmill are 
constructed. Consider a plane ( Figure 2, Plate 1 ). Suppose a wind current 
is acting on it obliquely. A particle of air striking the forward edge at A 
would be deflected, and would pass downwards along the plane to B. 
The effect is the same for every point on the surface, and when the 
particle once strikes its work is done, as it passes off the plane without 
doing work. Some particles of the air current lower down may, perhaps, 
never reach the plane to do work. If, however, the surface is slightly 
curved, with the greatest curvature at the forward end, the particle of air 
striking at the point A has, during its passage to B, its direction con
tinually changed, and it consequently does work till it passes off at B. 
In this, then, the curved surface has the advantage over the plane, and 
this is the reason that birds 
again to Figure 2, Plate
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1, let CD be a horizontal current of air impinging 

in the plane AB at D. The direction of the force created by such will 
be normal to the plane, viz., DE. Let DP’ be the direction and intensity 
of the lifting effort ; then EF will represent the horizontal motion or 
“drift.” This is the general diagram for the aeroplane under air pressure.
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I tic full significance of this is not quickly realized, particularly when the 
angle ADC is slight. As an illustration, hold a stiff fan outside the 
window of a railway car moving at, say, thirty miles per hour. It is very 
surprising how great the uplift is when the angle is small. In the figure 
let ADC be e, R the normal pressure, W the uplift, and P the 
resistance to horizontal motion. Then we have W=R cos e , and P=R 

1 hen P = \V tan 9 . But horse power exerted would equal VP 
when \ is the velocity. So that with V in feet per second we have 

V\V tan e

sin 9.

IIP If, therefore, we could discover the weight, velocity,

Lind angle of wings of a sailing bird, we could compute the horse power he 
is using. It is to be noticed that the extent of surface does not enter, 
though it is of considerable importance, depending altogether upon 
weight. If it is small, great velocity and angle are required for sustenta
tion ; if large, it becomes cumbersome and heavy, 
is consumed. With a given sustaining surface and angle there is 
velocity of wind which would just overcome the force of gravity and air 
resistance, and the bird would then sail horizontally against the breeze. 
Should the wind drop, or should the bird enter a sheltered space, or 
increase the angle of wings, he will descend by force of gravity. If the 
wind increases, or the bird increase his velocity by any means, or decrease 
the angle of wings, he will rise (against the wind). We learn all these 
points from the foregoing figure.

Rather than outline the different theories in explanation of soaring 
flight, I will discuss several of them very briefly, though, as yet, no one 
has satisfactorily explained the problem. It is practically admitted by all, 
despite certain trustworthy observations, that soaring cannot be done in 
still air. Phe very laws of nature forbid such, 
nate the air resistance of the bird, and admit the soaring process to be 
accomplished by some adjustment of the wings in conjunction with 
natural knowledge of the wind currents and their several effects. (It has 
been pointed out that the noise made by buzzards, when flying, may be 
1 aused by a continuous flapping of their strong pen feathers at the tips of 
the wings, a motion not capable of detection.)

I here are numbers of problems for solution. How can a soaring bird 
sail with the wind at a faster rate? 
starting point against a wind ? How can he travel at a certain rate against 
a strong wind ? and many others. All can be answered by the solution 
of one problem, which may be stated as, “ How can a bird sail indefinitely 
in a horizontal breeze, retaining his altitude, and using his wings only as
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aeroplanes ? ” Such sailing, usually, takes the form of 
progress is made or not.

M. Breton,livre points out how limited are the chances of sailing 
fl'k u m a truly horizontal path, and shows that such can he accomplished
othlerr that 7 CT,diti0nS : thC 0nC| ,hat °f ending currents, and the 
otl.er, that of squalls or gusts of wind ; the advantage of the latter will be
explained later. Generally, then, this writer shows that the bird tnns
.ns the ordinary horizontal currents into - relative squalls' by To

artifices, v,z the z,gzag path and the spiral. The former may be explained
"he bird ”, Î f°nn ,‘>y refCrenCe t0 FisUre 5- Hat® '• We will suppose 
eLci, I ,*t f A’ and’ f°r convcnicnce, have no initial

11) Let „ perform a downward glide in the direction AB across
ul thus acquiring a velocity V at the expense of an altitude S

;hcr tor ,k «L. . . * 1 16 wind (”C) and proceeds to transform ils

Z1T7 "'7 WOrk again; SuI,P°se ‘he wind is blowing in the indicated, at a velocity then, when the bird turns against the

wind, he has a velocity of r + v’. Now, the altitude h = "1, and a kinetic

energy of » mv* is required to procure it. When the birdTs passing from 
HtoC hiskmetic energy would be *«(» + ✓)., and the corresponding 

altitude obtained H - ^Lt£Ï, subtracting :-H_ L* =

2g *g 2g
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aeroplane an
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which has a

—which is the additional height which may, under these circum

X blEW* bird" With the -PiraUhe same reasoning 

across ih i'gUr\ r ate *' lhe blrd Plunges downward from A to B 
T4 îe r B 10 c ^ against * (having his wings inclined
above the horizon, of course), while from C to D he may rise som-what 
7 her- aJoss ‘he wind, by a proper adjustment of his wings, then a gentle
*rzr!n,,de at ,ffl ,owardsA' «•= -

Z hôu n,""""u''vre, c°ms “dis,an“ir ,hc bird is '™relli"K.but short if lies ascc„dmg. Should ,he bird desire lga>

do« ».„d Z , :"'8 k ‘°mi Which “"V h'"' for«a,d and
flow ward at the most economical rate, when he can rise at pleasure m
an> elevation, though with loss of distance. Thus Bretonnière empha
sizes the motion downward the wind and upward against it.

Mr W.lham Kress, of Vienna, Austria, deduces a solution-depending

into hi e,Tmr C,,ty0fair CUrrCnlS 35 ‘™d- Without going
h,s elaborate explanation, I will present a copy of his figures and
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AERIAI, MECHANICAL flight.

diagram, showing how a bird, without muscular effort, can perform a verti- 
ca. orbu and gam in speed. Let Figure 8, Plate ,, represent an orbit 
traced m air currents of varying intensity, as shown. Let M be a refer
ence point on the earth. Let the bird attain a velocity of 45 feet per 
second with respect to the air. The following table will explain he 
process of the flight. The argument is that L bird

-ravky" ^ but gains when flyng with it, due to

87
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Velocities. a b e d' e f g j h i k 1 m n
Speed of wind 

Absolute speed of bird 

Relative speed of bird

15 18 21 24 27 3° 3° 27l24 21
I

21 18 15 72f72 72 72

18 r 5 '5

3°j27 24 72 72 39

145 « 45 45 45 45 42 45 48 51 54 57 54

lhus the bird has completed the orbit and increased its speed by nine
, jîf .SC™nd- The Precedi,'g result, is perfectly possible on the 
hypothesis that the air currents are varying, a fact which is already 
partially proven by experiment.ling from 

iponding Professor Langley has suggested a theory of soaring which, though 
tulty, may have some value. It depends on the law of wind pulsation, 

which he has investigated. There is no doubt that wind currents are 
ess undulating, which can be seen by the ducking of a kite at 

periodical times, of smoke, etc. By reference to Figure 4, Plate 1, in 
which the arrows show the direction of the currents, and AB the aero- 
paneat a small angle to the horizon, a sustaining and upward motion is 
given to the latter in the position shown, while additional speed can be 
attained by a downward glide in the intervals between “ the gusts ” A 
general tendency, then, would be upwards, a result which could also be 
obtained if moving against the wind, though

v-
2Ar

: circum more or

iasoning 
A to B 
inclined 
lire what 
a gentle 
11. The 
1 veiling, 
against 
ard and 
isure to 
empha-

not as rapidly.
A consideration of any of these solutions would serve to explain the 

phenomena of soaring flight. But how, we ask, does all this lead to the 
solution o man flight? Simply in this: supposing we were thoroughly 
acquainted with the laws of aerial, currents, and possessed the knowledge
of turning them to our use, we could by adjusting to ourselves a sufficient 
aeroplane and a mechanical device for individual propulsion be enabled 
to sustain ourselves m the air under similar conditions. From research 
«Inch has already been made, it seems as if man would be unable to

lending 
t going 
es and
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88 AKRIAI. MECHANICAL FLIGHT.

sustain himself in the air by means of an aeroplane pure and simple, hut 
that some means of propulsion must be utilized. By reference to the 
table on Plate 3, this will be recognized.
Mouillard, and show figures on sixteen well-known birds, 
figures were in the gram meter system, 
the preceding ones, is the one in which we are immediately interested. 
It shows the relative surface required to sustain the weight of a man and 
light apparatus, in respect to the different birds. It will be seen that the 
wild duck furnishes the example of the lowest, but we cannot look to 
that bird for our model, 
presents the most promising model in every respect, showing some 135 
square feet of aeroplane required for man. We will see later on how this 
agrees with actual experiment, 
relative surface for practical use.

The results are taken from
The original 

The last column, deduced from

7

: **
COM .\

The vulture is the heaviest bird given, and NAM

All the other birds present too great Water F

Goshawk
We will leave the subject of bird flight at this point and look briefly 

into the next division of our data—that of the kite. Night It
We have all flown

kites, and know something of their behavior. They are of many shapes and 
sizes, and may be built of almost any material, and flown in many ways, 
but the principle of sustentation is the same, 
string, the surface is perpendicular to it, which shows that the thrust of 
the air is normal to the kite.

Guli.

Petrel..
When held by a single

Wild Du

Wild GoiWe remember, too, that there is always a 
particular point at which the string must be tied which gives the best 
flying results, and this point is above the centre of gravity. This shows 
roughly that the centre of pressure is not coincident with the centre of 
gravity of an aeroplane. A similar diagram of forces may be constructed 
for the flying kite as for the bird’s wing. Thus in Figure 3, Plate 1, let 
AB be the kite, and C the centre of pressure where the string is attached. 
Construct the parallelogram of forces where CF represents the drift 
and CD the lift.

Pelican .

Screech

Night II

Stork ...

Kestrel

KiteIf to the lift we add the weight of kite tail and 
string, we get the total carrying power ; and if from the drift 
subtract the drag of the tail, we get the power required to hold the 
kite, or otherwise to propel it through the air. 
kite with which we are familiar.

Fish IIavwe

Tawny V
This is the ordinary 

We have frequently heard of types of 
kites which are flown in the East, notably by the Chinese, Malays, and 
Javanese.

Nubian \

These are tailless kites, and are flown in the most sluggish 
I had the opportunity of seeing one 

in the Javanese village at the World’s F'air in 1893. A type of such kites 
is shown in Figure 2, Plate 8, and was constructed by Mr. W. A. Eddy, of 
Bayonne, N.J. He has flown it in an exceedingly slow breeze and can 
fly it in a calm by walking at the rate of a couple of miles an hour.

breezes, in fact, almost in a calm.

He

1
1

w
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RELATIVE 
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REQUIRED
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TOUR.

COMMON ONE LB. ONE 
OF BIRD S : SQUARE 
WEIGHT 
SUSTAIN- 

ED BY

WEIGHT
Si'RKAI) MEAN 

WIDTH 
OF WING

I'ROI’OR-
TION.

OF
OF FOOT

SUS
TAINS

BIRD. TONAMF. WINGS. SUSTAIN 
200 LBS.A

(A) (B)
FOUNDS. SQ FEET SO. FEET. FOUNDS.HFEET. FEET. SO. FEET.

Water Fowl. 1.309 1.031 j 2.28 0.518 4.40:1 0.787 1.270 

448:1 t.738 0.575
157.4

Goshawk 0.638 1.109 2.36 0.525 347-6jok briefly 
e all flown 
ihapes and 
îany ways, 
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Night Hawk.... o. 136 

0.510 

1540

II —
!| 4444

0.434 r.70 0.262 6.36:1 3.191 0.313 739-2
Gull 1175 3-10 0.427 7.27:1 2.304 460.80-434
I’EIREl. I.283 4. 10 0.410 IOO 01 0.833 166.61.200

Wild Duck 2.360.901 0.360 6.54:1 2.26 8840.442
Wild Goose 2.627 7.26:1 0.591

7.17:1 0.737

0.6234 49 1.692 118.2
Pelican .... ........ '4 575 10.750 9.19 1.279 1-355 •474
Screech Owi...
---------------------
Night Heron ...Ij 1.353

1.519 308 

1949 3.41

4 708 6620 6.82 

Kestrel Falcon. 0.398

1.408 3.090 

j 2.794 3.542 5.08

Tawny \ ulturk. 16.500 11.250 8.24 

N' hian VuiTi'RF. 117.934^11.980 ! 8.75

5.69:10.541 2.264 452.80.442

0.656 5.20:1 0.694 288.21.441
S CORK O.984 6.93:1 I.406 28l.2O.7II

0.990 2.43 j O.4IO 5 92:1 I 2.480 0.402 496.0
Kite 436 0.721 6.04:1

0.787 6.45:1 

1.460 5.64:1

04562.195 439-0
Fish Hawk,

0.789 254.0.270

0.682 1.466 136.4

1.509 5 76:1! 0.667 '-497 133-4
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AERIAL MECHANICAL FLIGHT. «9

has found that just previous to a reverse of the breeze, ..._ 
rocking motion from side to side, as if beating the air like 
the wind ceases the tension

the kite partakes of a 
a bird. When

..... L 0,1 the strin8 is released, and it hangs down
ward , the kite then slowly descends in a slanting direction, but when 
the wind comes up from another quarter the descent ceases, the kite 
catches the wind, backs away, and ascends again.

h„ m‘"u" haS bCen direc,ed ">« singula, kite, constructed
Îw h™=C8 Th'"6'0' f“Stn,li,a' A we of these is shown in

factv "The , Pn"C,P? "’,0lV';d del”nds on two well-known 
e necessary surface for supporting heavy weights mav be

tsee‘w'I parallel strips, superposed, with an interval between them” 
see Venham and Langley); and “two planes, separated by an interval

. d,rectl0n of motion, are more stable when conjoined.” The 
construction partakes the form of a cellular pigeon-hole box 
side of the compartments of which 
they float is very small, and 
position almost in the zenith.

<T E <4.

on the under- 
the wind acts. The angle at which 

consequence the kite may take up a 
It is found that a kite with surfaces 

concave on ,he underside pulls abou, twice as strongly on the string 
similar one with plane surfaces.

as a

as a

Investigations “in the laboratory” form one very reliable source of 
information in regard to the sustaining powers of the aeroplane. Prof. S 
I Langley, of the Smithsonian Institute, Washington, has 
furnished us with the most valuable information 
made his experiments at 
a few of these for the

Iwithout doubt 
this subject. He 

Alleghany Observatory, and I will briefly review 
purpose of showing important laws governing the

„ .... ’mm mg p]anes His elementary apparatus
a whirling table,” as shown in Plate 

a very light wooden trussed 
shaft at the centre.

on

pressure of the air 
sisted of

on
con-

4- I his table consisted of 
structure sixty feet long, and pivoted 

By suitable gearing this vertical shaft
on a

and the table
at any speed, power being supplied bv a small steam engine. One end of the table was arranged for attaching cerTail 

apparatus for test|ngpurposes)the balance of each arm being retajned
y • e ectnc circuit and a chronometer attachment, the complete 

behavior of the table could be recorded. The arms revolved at a 
height of eight feet from the ground, and the whole was protected from 
wm s by a high board fence. The outer end of the table cTu.d be made

a j 1 any ""“I UP t0 IO° miles Per hour. and the motion 
adius that it could be considered practically linear.

His first experiments 
in Plate 5. This consisted of

could be made to revolve

«

was at such

made with the suspended plane, as shown 
a plane suspended in a frame, and free to

7

were

V
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90 AERIAL MECHANICAL FLIGHT.

slide up or down under the balanced impulse of a spring, 
frame was free to revolve on a

The whole
horizontal axis, the lower part, having the 

plane, being heavier, however. A graduated circle was attached together 
with a pencil recorder. The whole instrument was placed on the end of 
the arm of the whirling table,1 and the table revolved, the plane and frame 
being exposed to the direction of motion. The pressure of air caused the 
lower part of the frame to swing backwards, while the plane travelling 
forward at an angle on to new air released the tension of the spring, and 
consequently rose in the frame, the pencil recording the amount of rise. 
In the figure the records of the pencil are shown shaded. The signifi
cance of this experiment is easily seen.

The next experiment in logical order was that of the resultant 
pressure recorder. When a plane is advancing on the air at an angle 
above the horizon, the resultant pressure varies in intensity and direction 
according to that angle. This apparatus was constructed to investigate 
this. An arm, shown in Plate 5, was hung at the centre in gimbal joints 
in a support and standard, which was attached to the end of the table. 
The arm was about seven feet and a half long, and at one end carried a 
pencil and at the other (outer) a plane of any convenient size which 
might be inclined to the horizon at any angle, a circle being attached for 
reading such. The arm was nicely balanced, and the pencil fitted through 
a collar which was attached to four calibrated springs (SS), and played on 
a paper disc placed in a support. When the apparatus was set in motion 
on the table, the plane being placed at any desired angle, the pencil 
recorded on the paper not only the intensity of the pressure (as reduced 
from the calibration of the four springs), but the direction or “ excursion 
of the trace ” in reference to co-ordination. This “ excursion ” could be 
made in any direction with equal facility, 
resultant pressure could be deduced. Newton’s law in this instance made 
the pressure on a plane moving in a fluid vary as the square of the sine of 
the angle between the plane and the line of motion. Mr. Langley’s 
researches have shown that this is quite erroneous, and, though his 
apparatus was constructed more for an approximation to the quantitative 
pressures than for precision, the discrepancy is sufficiently great to entirely 
change the complexion of the previous law. As an instance, for an angle 
of 10° the theoretical vertical pressure would be sin2 10° cos io0 = 0.030 of 
the pressure on a normal plane moving with the same velocity. According 
to these experiments under similar conditions, it is 0.30 of the same 
pressure, or ten times greater. Rather than give any tables of Langley’s 
results, I have plotted a curve representing in general the rate of variation

L
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aerial mechanical flight. 91
of the pressure ; that is, the ratio of the total normal 
nclined plane to the pressure P„ pressure P on an

(P + Pn)- I have also plotted 
the same limits.

on a

Ior percentage of the pressures 
curve showing the Newtonian law within

explanation. Th= pZZZZZZZ le ^ Z 

increases much faster w.th the angle than was hitherto supposed 
winch is surprising and most important.

Pr°bablJ the most iml>ortant experiment made by Mr. Langley was 
m I Ir L thC “P'ane dr°PPer" Its construction was 
! h TnS,StM merdy °f a frame a"d standard, to be attached to 

the end of the table, provided with a set of vertical guides in which 
rnoved antnlriction rollers attached to set of two horizontal planes. (See 
Mate 6). 1 he planes being held b a catch at the top were released
electrically, and fell some four feet, passing vertically down the guides and 
striking °n a sprmg cush.on at the bottom. The planes were capable of 
being inclined to the hor.zon at any angle up to 45V Five pairs of 
planes were experimented on, ranging from 6 x ,2 inches to ,8 x 4 inches
w : :tenrdf T8h'"f an average of 120 grammes per pair. The additional 

ught of the falling piece was 350 grammes, or a total of about 
pound. I he time of fall from the breaking of contact 
making of it again at the bottom 
record,

\m

, a fact

one
at the top to the

. was recorded on the chronograph. This
in , . °8fh^r W1|h that of the rate of the table, the angle of inclination, 
PowerTf * P'anes, afforded a means of determining the sustaining 
power of the a.r with regard to speed and area. Mr. Langley made his
Dower "of" th W a ViCW 10 threC reSU,tS : f,rst’ 10 show that the 'supporting 
po ver of the a.r increases with the horizontal velocity, be the planes
either horizontal or inclined; second, to determine what particularLeed 

is necessary to produce for different angles of inclination a lifting effort 
hicient for sustentation ; third, to investigate similar facts with 

posed planes. super-

No doubt, the easiest way to show the truth of the first is to furnish 
a diagram with the plotted results of the experiments; see Figure 2, Plate 7 ■
seronH HS$hare,the h°nz0ntal ve,ocities of translation in meters per 
econd, and the ordinates the times of fall in seconds. These were made
ith two horizontal falling planes (.8x4 inches), advancing long edge 

to new air. The theory of this is similar to that before quoted of the 
skater on thin ice. Should the plane be at rest, only one unit of air 
serves to sustain ; but, while in motion, a number of units act

on

These
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experiments show the great value of speed for the sustaining of a moving 
aeroplane. Mr. Langley has found that better results are obtained with 
the longer edges of the planes foremost ; the reason is obvious, for the 
back parts of the planes are not acting on previously used air.

The relation of angle, speed, and lift is the very essence of the 
ing aeroplane. It is evident that if the first law above is true, then there 
is an angle for each speed of translation which will continually maintain 
the aeroplane in the air. Mr. I.angley actually made such experiments. 
He placed different planes at different angles, and then ran the whirling table 
at increasing speed until the planes were just merely supported. He was 
enabled, from the results, to calculate the respective horse powers acting. 
Figure ,3, Plate 7, shows the plotted results of two sets, 18x4 inches and 
8x9 inches, moving at different inclinations, 
angles o inclination of the plane, and the ordinates the velocities in 
meters per second. In regard to the third case of investigation, it 
found that the closeness with which the planes could be set was a function 
of the speed ; the greater the speed, the greater the relative proximity. The 
air seems to be disturbed under the aeroplane for only a slight depth, and 
this is the air which really might be said to do the work. The minimum 
distance with Mr. Langley's planes was four inches. At two inches, a 
decided diminution in the lifting power was experienced.

A result of prime importance is logically deduced from the preced 
ing—this is that, with heavy inclined planes in motion of translation, the 
higher speeds are accomplished by less actual power than are the lower 
ones

soar

The abscissa; are the

was

• This is surprisingly paradoxical, and the fact led Mr. Ungley to 
continue his experiments directly for this purpose.R! ■

He arranged an
automatic apparatus, called a component pressure recorder, to be used in 
conjunction with a “ dynamo meter chronograph,” for recording the speed, 
times, resistance to forward motion at the instant of soaring, the horse 
power, and other phenomena. The latter instrument was placed on the 
recorder, and was provided with an air screw propeller actuated electrically, 
and recorded its own work. The recorder was a combination of the 
resultant recorder and plane dropper, and was capable of recording 
the instant of soaring flight of its plane, the location of the centre of 
pressure on the plane, and the intensity of the horizontal and vertical 
components. The propeller was calculated to so actuate the whole 
recorder as to counteract the air resistance to the arm of the recorder on 

Knowing the power or pressure required to make 
the plane of the recorder soar itself, and reproducing this by means of the 
dynamometer, the power expended for different speeds, etc., was found. 
Thus the paradox was demonstrated experimentally.

which it was situated.
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AERIAL MECHANICAL FLIGHT.

Similar experiments were conducted by Mr. H. S. Maxim at Bexley, 
England, and, it might be said, took up the work where Mr. Langley left 
off. Mr. Maxim also provided a whirling table similar to Mr. Langley’s. 
The circumference described was 200 feet, and power was supplied 
electrically through the pivot to the end of the table. To briefly outline 
Mr Maxim’s experiments : On the end of the whirling arm he mounted an 
aeroplane and an electric motor actuating a screw propeller, which caused 
the table to revolve. In connection he had mounted on the arm different 
dynamometers, so that he obtained a record of the thrust of the screws, 
the horse power exerted, the velocity of rotation, and the lifting effort 
the aeroplane. He tested about fifty different kinds of screws, and also 
aeroplanes ranging from 3x24 inches to 3 x 12 feet. He concluded that 
long narrow planes, long edge on, slightly concave on the underside, and 
at inclinations of from 5° to io*. gave the best results, 
narrow blades of small pitch and with high velocity were the best. He 
was able, with the aeroplane running at 60 miles per hour, to lift 133 
pounds per horse power.

1 he late Mr. L. VV. Hastings has compiled the results of a number 
of experimenters into tables and diagrams which are too extensive to 

Some of his results may be mentioned, however. If the 
the area of the supporting plane is constant, the horse power required and 
the angle of inclination decrease with 

increases

on

Screws with two

touch here.

increase of speed. If the angle 
directly as the horse power, and inversely 

If the power remain constant, the speed increases with the 
| area ar|d angle. 1 he smallest angle is, therefore, desir-
“ If the smallest angle which can be safely used be 5°, we see that 

if the speed be decreased from seventy miles per hour to forty, then the 
area required will be increased from 0.36 square feet per pound to 1.10, 
or more than three times ; while the power required will decrease only 
from 0.015 to 0.009 (per pound weight), or considerably less than one-half. 
I his shows the advantage of high speed.

I have reviewed thus briefly the outline of the principal laboratory 
data which is the basis of aerial sustentation. In a paper of this kind it 
«s well-nigh impossible to present any complete collection of information, 
and the foregoing must suffice.

'Ve now come to the consideration of the theoretical and ideal 
flying machine—the requisites for its sustentation, propulsion, and 
stability. Such a discussion must be based, of course, on the foregoing 
data, and hence must be, in part, somewhat a conjecture, for with the
exception of the renowned Maxim machine we have no actual working 
data at hand.
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(4) t must have stability and be incapable of upsetting.
(5) Should be easily steered in any direction.
(6) Provided with of rapid and powerful propulsion.

_ ..... . may aPPcar highly idealistic, but the practical
possibility is much clearer than is generally supposed.

Taking the first division above-that of its mechanical construction 
regard to strength and weight. Just where the useful limit of 

the compromise between these two conditions is remains to be deter
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for perhaps 20 pounds. Anything better than the latter in 

construction would have been thought impossible 
is already surpassed by actual results.
by boilers and engines of nineteen pounds per horse power. Langley has 
bu,.t an engine at the rate of twelve pounds per horse power, and Maxim 
has an eng,ne of 300 horse power, which with boilers and n , 
weighs not more than six pounds per horse power Hence > • Ppara‘US
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AERIAL MECHANICAL FLIGHT.

Professor Thurston says “ The reduction of weight may be 
plished by advances in either or all of three directions : (i) Reduction of 
weight of material by improved design and proportions ; (2) increase 
of ratio of strength of the materials used to their density • (3) increased 
velocity of motion of the moving parts of the machinery transmitting 
energy.” Much has been claimed the past years for the new aluminum. 
Aeronautical research has shown a great part of this to be a fallacy ; 
the reasons are well known without detail here. In regard to the relative 
value of materials, we have the following table compiled from Langley, 
Hunt, and Hall :—

95
follows : 
instruction 
ty must be

accom-

space and

supporting

1.

practical Length of liar 
that just supports 
its own weight.

Weight of one 
cubic foot.

Tensional strength 
per square inch.

Metal.

istruction 
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Cast Iron 444 lbs. 16,500 lbs. 

36,000 “

5.351 feet. 

9,874 ”
Ordinary Bronze.. 

Wrought Iron ... 

Hard Struck Steel,

525 “ 

480 “ 50,000 “ 15,000 "

490 “ 78,000 “ 22,922 “ 

22,285 “Aluminum, 168 " 26,000 “

1 his clearly decides for hard steel in construction where combined 
strength and lightness is required ; which means, then, that all framing of 
a machine requires hollow steel rods, steel wire guys and bracing. Cast
ings and drop forgings of steel are, apparently, better than any kind of 
alloyed aluminum yet made. Piano wire steel has been drawn to a 
tenacity of even 300,000 lbs. per square inch. Certain alloys of aluminum, 
with copper and nickel, have been very successful in regard to strength, 
but there yet remains the difficulty of working the metal. Wood may be 
used under circumstances, but, in such occasions, attention is directed to 
the increased air resistance which might arise. It is needless to point out 
that the factor of safety, under all conditions, must be large.

There is not much to be said on the subject of configuration outside 
of the air resistance. Our best models for such are the bird and fish. 
Each of these present a very small forward resistance.. Their lines and
surface friction are such that the resistance may be almost zero. This is 
the reason that most aeronautic constructions built for speed are elon
gated, or " cigar ” shape, as we know it. The balloon “ La France ”
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measures ,6S feet in length, and 27.5 feet diameter, the maximum 
verse cross section being at about 40 per cent, of the length from the 
iront, l or a flying machine, however, the circumstances would be 
altered from those of a balloon.

trans-

much
, , the sustaining apparatus be a rigid

aeroplane, the forward resistance will he limited, for the greater part, to 
he car and machinery section, although, by the way, the resistance of 
•racing, etc., has been found to be surprisingly great. In such a machine, 

then, the orward part of the “deck” might be protected by a light con- 
struct,on of fine lines which would cut the air with the least resistance 
and divert the wind current from all deck apparatus but the propellers. 
In such, however, the division of the currents should not be great enough 
to effect the efficiency of the propellers, aeroplanes, or steering apparatus 
As for the economy of space, that would necessarily take 
the economic mechanical construction.

70 -

h”
w 50 —

care of itself in ; « -

We now consider a requisite which is of vital importance, and which 
will require a lengthy discussion-that of the supporting power. In this 
we will merely consider the theories in regard to the "soaring” machine.

lie controlling conditions of shell aerial support are quite depundent on 
each other. I'hey may be summarized as follows : (1) I'he weight of the 
machine ; (2) the area and character of the supporting surface; (.3) the 
angle of the supporting surface ; and (4) the velocity of forward ‘ 
and, consequently, the power.

In considering the supporting power of an aeroplane, 
bear in mind the fact that the 
the thrust of the

N

/
- /
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motion, 250

BIS
we must always

upward impulse is directly dependent uj 
new air on the underside of the plane, 

bow the laws of such pressure are deduced. It is true that they have been 
made on a small scale on small planes, but the concordance of the 
experiments leads us to infer that they are similarly applicable to larger 
areas. I he air is such a very light and mysterious substance that 
only does difficulty of experimentation arise, but it 
before

ion £00

We have seen

ISO

not
will be a long time

man will realize that its supporting power is something quite 
1 hose who have really been up in the air in a free machine 

tell us that we "cannot imagine what a delightful sustaining power there 
•s m the air. We have seen how the sustaining power depends on the 
ang e of inclination of the moving aeroplane, and the velocity with which 
it is propelled. If we follow out the principle presented in the table on 
soaring birds, we could arrive at a series of tables for the weight which 
would be sustained by one square foot of aeroplane moving at a known 
rate and angle. We have seen, in Plate 7, how the sustaining power is 
tunction of the normal pressure, and how the

material.
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AERIAL mechanical I'LIGHT. 97
angles and high velocities. Experiments have led n, believe 
meh atton, of from to to" ate the most serviceable. True L,,' 
results might be obtained by smaller angles, but the stability of thë maSe 
"i a longitudinal direction would then be endangered l ,
the mathematical considerations for an aeroplane with car 'etc “at at A 
passing through the air. In Figure 3, Plate 8, l

the angle of plane. Then we have N 
force where N is the normal pressure of the 
N sin <?=R„„ the horizontal resistance 
the thrust of the air

!L 8.

machine, and a 
the vertical sustaining 

air caused by the velocity, 
to motion of aeroplane. If L be 

on the underside of the plane,
êr»L7p“lr: «Vm T*”'' “d '■™«=H=ho,iK)„,„, pa,, 
01 wind pressure. Let T=the thrust required for uromikin» tl
P + Vn^W™"8 C°ndhi0nS ',rcquilib"um and .™«ion of the machine' 

+ V and W must act through the centre of pfessiire of the plane The
"Zst'-rt m:i?ehbeb: “n‘re °r » » The thms
. r Whe‘n p;V C: Pt ,W ",e"aW"= Proceed hori 
any. \\ hen P + V is greater than W the toaohine will rise
ess it will fall. With increased velocity or t*T >he machine will

71 COS ll=P=

then L cos

7 zon- 
and when 

rise, andvice versa.

plane .e have with an angle of. Lrmal * ^
ft 0.257, and the resistance to horizontal 

0036, by the De Louvrie formulæ. 
at the extent of the supporting surface to 
Pet us look at the number of 
different conditions.

u pressure 0.260, 
motion or “ drift ”

By this means we can arrive 
carry a given number of pounds, 

square feet per pound required under 
Referring to the accompanying table of birds, we

_ r l - J 3191 S(luare feet per pound for the nieht
°'442 for the wild duck. Good soaring birds such 8

further on how this rate has been much surpassed.

see that the rate varies from 
hawk toM

as the
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It has been pointed out how may consider the support by means 
ic as being obtained by driving the new air downwards, 
e subject in this way, we will see it much clearer. Suppose 

we take the formula ZZ

we
of an

g > 80 we" known, where VV is the weight of the 
of fluid acted upon in pounds permass 

in feet second, V the downward velocity 
ue rnn !’Cr S^°nd’ and^as 32-2 feet per second. To illustrate this, let 

consider the power expended to do the work. Take two machines 
each weighing, say, 1000 pounds. Let one be capable of being run so as to 
act on, say, 2000 pounds of air per second. Then 2000 -r U2.2 x 
1000) - 16.1, which is V or downward velocity. If now we determine

the horse power to accomplish this alone, we have W Z!
- + 550, or

* 550 = i4-64 horse power. Suppose, now, we double 
ÎoooTôZs^ 3ir 3Cted UP0"’ WC haVC V = 8 °S feet per second, and

2000 x 259.21
64.4

• 55° =;;, ;Z-,32 horse power. The significance of this is 
apparent, that much is to be. gained by acting on a large quantity of air. 
• uch can be accomplished 10.two ways, either by velocity (which fact we 
have seen before) or by .large aeroplanes. The figures as given above
resistance011"56’ ^ Pr°PUlsinn aS rCRards the aeroplane alone, and not to car

It cannot be too strongly urged that the aeroplane must be driven on 
to new air previously undisturbed, that this air must be driven downwards, 
and that at a fast rate. As has been before intimated, the lifting effort 
with regard to the thrust is found to be very much greater than was 
hitherto supposed. The figures from the De Louvrie formula above will 
show this. The lift is seven times the drift or thrust horizontally ; that is 
to say, if the propellers of a machine gave a clear thrust of one foot, the 
lifting effort produced would be seven pounds, with an aeroplane at an 
angle of eight degrees. I his fact has been already borne out experimentally.

From the foregoing, it can be readily seen that the problem of actual 
flying is very easy of solution ; that a machine, 
with a minimum amount of

64.4

once up, can be propelled 
power, provided the velocity be sufficiently 

great. The power is required at the rise, and that is where the difficulty 
will always present itself—to say nothing of the descent, 
of an aeroplane be rigid, and the machine be constructed

If the angle
, , . so as to rise by

a forward thrust, the angle, when rising, will be much greater than when 
proceeding in horizontal flight, the speed cannot be. so great, and there is

additional effort required against gravity, so that a great deal of poweran
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AERIAL MECHANICAL FLIGHT. ^

is consumed. By any scheme of aeroplane it is a practical necessity to 
me in this way by a forward impulse-riding up on the air, as it were 
Some experimenters have suggested screws revolving on vertical axis 
expecting thereby to raise the machine vertically so as 
horizontal running start, as they call it. They forget‘that with rigid 
aeroplanes such a procedure is very difficult. If if were UOS )/g 

automatically collapse the aeroplanes, the case would be différén buta
tSTcTST r* ,ei|Uire * VC,> dispLcmT' “
Professor C. V. Riley has suggested propellers moving on shafts whirh

Æï: ïzit' - ■«*-*« -in.
that the rise, after leaving the ground, will be at an angle of 2n° ,h * 
our aeroplane is encountering the air at an angle of, say 8- ,°suh"
Tl ytr:V° 06 ,-0UVrie' lh= "»»»l pressure is 0.75 ,h“1if
o.#6a, and the drift o.jS4, so that „„|y about two pounds could be
ïpwârd 5Z? lh,U’“' ,f ri!ins 11 inclination of
u|>aard thrust would be over three pounds. If jt
arrange a system of aeroplanes which could
stances, much power might be saved.
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100 AERIAL MECHANICAL FLIGHT.

series of long narrow planes arranged to advance long edge on the air at 
the necessary angle. The first system has the advantage of being very 
simple, and offering, probably, a more stable and safe support, due to its 
parachute properties. Maxim is the leading disciple of this system. 
I he second system has grown out of Langley’s experiments, which show 

that the best results to be obtained for soaring are with the narrow planes. 
It will be remembered that Langley made his experiments on real planes 
for simplicity. It is to be desired, of course, in the aerial construction, 
that all supporting planes be concave on the underside, 
easily accomplished by the series of 
large one.
the action of the propellers or steering apparatus in shutting off the air 
or creating an adverse current. It has been suggested to arrange the 
narrow planes in a superposed series similar to that shown in Figure 6, 
Plate 8. Each narrow plane thus gets new air, which does its work 
quickly, and passes off at the back end. There is less loss at the sides,

I he intervals between planes should be considerable, at least the 
same as the width of the plane*,. One objection to this method is that 
the propellers, etc., if situated behind the planes, are not efficient, and, 
if before them, render the planes inefficient, while, if below, would make a 
cumbersome construction.
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too.

As to the materials for aeroplanes, experience seems to point to 
light balloon cloth or “gold beaters’ skin ” for exceedingly light 
construction. This can be stretched upon the very light metal or wooden 
framework of the plane. It has been urged, however, that this material is 
too frail, and that something stronger is preferable. Oiled linen weighs 
about 2.6 oz. per square foot, and makes good material. A new material 
is suggested, and has been found very satisfactory—a wire woven web made 
of very light aluminum wires is varnished, and the interstices filled with a 
light elastic varnish, which altogether makes an impermeable web about 
one-fiftieth of an inch thick and weighing 3 ounces per square foot.

Sections 4 and 5, as mentioned in the requisites for the flying machine, 
might be treated together under the head of steering and stability. Steer
ing horizontally is probably most easily accomplished by the use of twin 
screws, as in sea vessels. The steering vertically is where our difficulty 
lies. We must remember that in aerial navigation we have all forces 
resolved into three directions, whilst in marine navigation there are only 
two. Vertical guidance can be effected in part by speeding the propellers 

as pointed out in the conditions of equilibrium and motion, 
however, is limited, and vertical rudders, revolving on horizontal

This, 
axes, must

1
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AERIAL MECHANICAL FLIGHT.

necessarily be used. In Figure 7, Plate 8, is shown the effect of the 
rudders, as illustrated by the Maxim machine. Here there are fore and 
aft rudders, each with its work to do.

1 he matter of stability is of vital importance. As previously inti
mated, the centre of gravity should be as far below the centre of lifting 
effort of the machine as possible. This is easily obtained with a machine 
of the Maxim type, the former being down near the deck and the latter 
up in the aeroplane. There is one fault which we are, perhaps, likely to 
overlook in our idea of the ideal machine, and that is an extreme in 
weight. If the machine is too light, it will be clumsy, and will have small 
momentum ; its stability will be lessened, and it will be liable to topple 
over in the first gust of wind. The air is so subtle and light that we must 
expect great difficulty in providing a steadiness of motion. We know the 
birds retain their equilibrium intuitively ; it is affirmed that they sleep on 
the wing ; and our balancing apparatus, then, must be something of the 
same sort. It is frequently suggested to provide some automatic electric 
balancing agent to accomplish this, but so far no success has been attained. 
Recourse to additional planes seems to be the only solution.

l or transverse stability—that is, the prevention of side rocking and 
tipping—an imitation of the bird’s wings seems to be preferable. The bird 
can preserve his equilibrium by placing his wings at a diedral angle from his 

ody. 1 his is such that if the body tends to rotate about a longitudinal 
axis, the wing which descends receives additional pressure from the air on 
account of its position, whilst the upper wing, being very much inclined 
upward, receives so much less. This principle is followed in several 
designs of machines now being tested. If side planes were projected, as 
shown in Figure 5, Plate 8, from each side of the main aeroplane system at 
an angle with it, they would attain this end. This condition is observed 
m mat building, but, besides, the boat has a keel—why not the air ship? 
Such would tend to prevent the rocking motion, though it would not help 
the supporting members. If the machine were sustained by the com
pound aeroplane system, the matter of transverse stability is simpler on 
account of their arrangement. Now comes the stability about a vertical 
axis, the prevention of a tendency to move in a horizontal circle or 
oscillate horizontally. This might be caused in a ship with twin screws, 
or where one side is heavier than another, or by a side wind. A couple is 
ormed about the centres of pressure and gravity, and the ship may 

advance, perhaps broadside on. A keel and a controlling screw speed 
or a rudder for horizontal steering ought to prevent such ; at any rate an 
attentive hand “at the helm” is required.
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As for longitudinal stability—that is, the prevention of a fore and 
aft motion it appears to he the most serious problem in this connection. 
1 here is less opportunity for experiment, which, with the fact that the 
fore and aft motion is limited in the aeroplane machine, renders 
chances less. A number of things endanger longitudinal stability—the 
speed of propellers, head winds, sudden shifting of centre of gravity 
rudders. Much has been written 
yet no definite information is at hand.
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Some advocate a horizontal keel 
hke the fins of a fish, others a judicious manipulation of fore and aft 
rudders (see Plate 8), an automatic shifting of the centre of gravity, or the 
speeding of the screws. All of these have objections, and it is hardly 
likely that the problem will be solved until practical mid-air trials are 
made. In the Maxim ship with large aeroplane, although there has been 
no opportunity to make actual tests, it is observed that this stability is 
preserved in part automatically by the shifting of the centre of pressure- 
which, with the centre of gravity, forms a turning movement tending to 
right the ship.

iThe last requisite, but by means the least, for the ideal machine 
is the propelling apparatus. I do not propose to go into this at any length, 
for it would require much space. All propelling apparatus can be divided 
into three parts: (i) The propeller proper ; (2) the

no

motor ; and (3) the 
agent actuating the motor. Of propellers, there may be three kinds : The 
feathering paddle, similar to the marine one ; the wing or oscillating fin, 
similar to the flapping birds ; and the screw. For obvious reasons, the 

receives by far the greatest attention, and appears to merit it. The 
is capable of marvellous things in the water, and similarly should 

give the best results in air. To go into the theory of the screw is not the 
intention here, but the peculiarities of its action in air should he pointed 
out. The greatest drawback to the efficiency of the air screw is the very 
great “slip” The tendency is, of course, for the screw to become 
nothing else than a blower or centrifugal fan, forcing the air backwards. 
It is imperative that the

screw
screw

screw advance upon fresh, undisturbed air, and 
upon as much of it as possible with the least 

We know that
that it act amount of

a motion of translation imparted to the 
will decrease its efficiency. We also know that the pressure on the 

screw blades will vary as the square of the speed, and consequently the 
efficiency will vary inversely as the speed. . The efficiency will vary also 
inversely as the angle of pitch, and directly as the square root of the area. 
The thrust of the screw will vary directly as the area and speed. Hence, 
we may infer that large

disturbance.
screw

with small pitch and velocity should givescrews
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the best results. This seems to be correct in 
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As for the motor much also might be, , written. Three kinds
suggested the steam, the gas and the hot-air engine, and electric motor- 

he first may be of two divisions-the ordinary steam engine and the 
steam turbtne It ,s toward a suitable motor that, perhaps, the greatest 
energies have been bent m striving to solve the problem of flight Success 
appears to be at present resting tin the ordinary steam engine. Electric 
motors are not yet perfected, and storage batteries are out of the question 
on account of then weight. Hot air and gas engines are also too heavy. 
This leaves us the two steam motors. Much is expected of the steam 
turbine but as yet very little progress has been made with it; there is 
no doubt it will form a most efficient motor for aeronautical purposes. 
The steam eng,ne forms, then, our most reliable motor. It is a machine 
which we know much about, and is reliable and powerful, and can be 
constructed of comparatively small weight. Closely allied with this is the 
agent actuating the motor-in this case the steam boiler. Research in 
he steam engine has also included this. It is needless to point out that
nl.hh mUSt °f SpCCial Pattern and construction; it must work 

under htgh pressure, make steam quickly, use a minimum amount of fuel 
—liquid, of course—and, like the 
unstable conditions
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With the steam plant goes the condensing apparatus,

In speaking thus far of the propelling apparatus, we have been con
sidering only the conditions affecting a large machine, and we have not
b vc e-t e r°" t0 thC °r individual Inacl"ne, the parallel of the 

ycle the former may be likened to the railway train. There is
doubt that the time is coming when „= „fl, have machines of 
power navigating the air. The power will probably be supplied by the 
oot pedal similar to the b,cycle, though a man cannot generate Lre 

than 0.2 horse power for any time. We may find perfected gas engines 
o simp e construction which, by the aid of chemicals, will furnish 
powers for propulsion.

no
one-man

small

We have now come to the consideration of the progress made thus 
ar m the flying of actual machines. To describe the varying fortunes ol 
tse would probably quite comfortably fill a large book Langley and

I do noToron6 ^ successful|y «own model machines, but
do not propose to present the principles of these in this

connection. I
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proof. Just here it may be mentioned that Lilienthal was among the first 
to insist upon the concave sustainer. He was somewhat ridiculed, but 
of late the experimenters have been looking favorably on it. It is unfor- 
tunate that Langley has not given us any data on curved surfaces, but that 
fact does not signify that he has no belief in their value. The great value
experiments “îî.pow*rof stabllity- which * exemplified in the Lilienthal
narahn r sustainers were given a concavity to conform with the
parabolic curve so common in the bird.

,05

I he relation of weight to surface can be pointed out by reference to 
the above figures. We see that he sustains in gliding flight alone one 
pound for every 0.68 square foot of sustainer. 
tawny vulture previously given, and shows the 
may attain.

This is the same as the 
possibilities to which we

Herr Lilienthal gives special emphasis to the stability of his apparatus 
and no wonder, for we can imagine how little there is between the
S* “!» The framing is very rigid, and .hen

n the air and gliding forward descent 
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once
to disturb the poise. When an^VSs^p^L'T1 

requires quick and thoughtful action-a change of the centre of gravi,y a
meirTi'h ° 1 !f mddCrS and WingS| and that very arefully. The move- 
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rtor -tries to , . wind, and he then
pass across it. It is here that nothing but practice avails-like

scien ifi r']l'nt h,le in ,hC 3ir °"e has 110 time to consider just how 
obtains ah h I' manœUVAreing’ but the PreservinM of his equilibrium 
matte/of dihgen^pracbce, h *

is to be obtained only by failure.

.*!' diS!«d7;';:iThere is™ry

success
I he science of the

The greatest velocity of wind in which Lilienthal 
about 16 miles dared to start-----was
, l r „ Per h°ur. Of course, the stronger the breeze, the least 
angle of ‘aeroplane” and flight will suffice.
per hour he could glide downwards 
in a calm he has

In a wind of, say, io miles 
at an angle of 8° with the horizon ; 

even glided at an angle of io°. In such a case,
very slightly tilted, and he estimates the uplift to be 

per cent, of the pressure,e if normal.
the wings are
8o
per second, so that with a surface of 150 square feef he^ob.ained ^ ^ 

up i t o 260 pounds ; whereas all that was necessary was 220 With a 
wind of, say, ,5 feet per second, and a gliding of 8°, the drop would be

feet per second- or the work by the ideal machine would be 0.8 horse 
power. Lilienthal is now testing a small steam engine of about 2 
horse power, and weighing, all told, 44 pounds. By utilizing this, it will 
be seen that he will be enabled 
wind. Thete are

a total

1

to accomplish horizontal flight against the 
th=, success „i„ be S" 'he ',ia'8 y“ '° ha"d' bu‘ 'hCre is "° d°'"»no

In Figure 1, Plate 9, is shown an elevation of gliding lines. The 
course A I) was made in a strong wind, and at the culmination the 
apparatus stood for several seconds inert until the downward 
commenced. This was quite similar to .he flight of birds already

!:
course was

?
During the past few years the eyes of the world have been very 

attentively fixed upon Mr. Hiram S. Maxim, of Bexley, England. Without 
describing the events and experiments which led up to the construction of 
an actual flying machine, I will endeavor to describe some of the salient 
points of h.s air ship, which has won for itself such an enviable reputation 
So much has been written in the papers and magazines that a detailed 
description seems hardly necessary, and I will leave 
Society to look up the subject, if they h the members of the 

not done so already.ave
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In his extensive park, Mr. Maxim has built a steel track , 800 
feet long, of 9 feet gauge, and outside of this a wooden inverted 
track, which may be known as an outrigger track, of 3 x 9 Georgia 
pine It is upon these tracks that Mr. Maxim tests his machine.

he body of the machine is a platform about 8 feet wide and 40 
feet long, which rests on four steel wheels on the inner track. Upon 
this platform are mounted the engines, boiler, and all apparatus, together 
with the supports for the aeroplanes, etc. The main aeroplane is 50 feet 
wide and 40 feet long in the centre, and about 22 feet above deck.
I he framework of this is supported by means of hollow steel tube 

construction, thoroughly guyed and rigid with the deck. Fore and aft of 
t e main plane are the rudders, hinged horizontally, and acting as shown
!" 'lgUr® 7’ Plate 8 ; the forward one eing 18 feet wide and 30 feet 
long and the aft one 18 feet wide an 23 long. On each side of the 
whole structure extend side planes or wings for transverse stability 
web as for support. These are hung from the structure near amidships 
and are superposed, their longer sides being transverse to the centre line 
of the machine. As these wings are 27 feet in length, the whole 
clearance width of the machine is 104 feet, and the total length would be 
. 011 93 eet. Aft of all the deck machinery are the propellers. The 
shafts are about 19 feet apart, are mounted n feet above the deck, and 
are run directly from the engines, which are placed at the same level.
I he boiler ,s at the forward part of the deck, and forms a windbreak for 
other apparatus On each side of the platform extends an outrigger 
whee system, which runs under the under side of the outer track, givfng 
a vertical play of the whole machine of several inches. The centre of 
gravity of the machine is five feet back of the boiler and 
the deck. (See Figure 2, Plate 9, for plan.

1 he engines are marvels of strength and lightness, weighing thei..- 
seves only two pounds per horse power. They are a pair of high 
pressure compounds of one-foot stroke, and pistons of five and eight 
me es diameter. Each engine weighs 320 pounds, and the two together 
iave exerted as much as 363 horse power, though only for a short time 
1 he cranks on each propeller shaft are placed at 1800. The engines 

P aced transversely to the deck, the steam pipes being led in at the inner 
nds, while the propeller shafts are at the outer. Directly below the 

engines are the feed pumps and reservoirs, the one set for fuel naphtha and
C ,0t ej ,for feed water- The naphtha reservoir N and pump P supply 
e iqui uel to the gasoline boiler G at a pressure of fifty pounds per 

square inch, being run by a belt from the port engine. In the gasoline
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tank the naphtha is heated, by products of combustion, to gas, and is fed 
automatically to the jets of the furnace. The feed water pump F and 
reservoir W are run by means of the other engine, and force the 
into the boiler system at a pressure of about 330 pounds by means of an 
injector. There is also a device by which the rate of feed 
observed.
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Not the least marvellous part of the apparatus is the boiler. It 
is essentially a water tube boiler of a remarkable type, resembling 
both the Thornycroft and the Yarrow, but much lighter.
Plate 9, shows a diagram in section. The cold 
outer tubes (A) of the boiler (which form the feed water heater), at a pressure 
of 330 pounds, or 30 pounds more than that in the boiler. This difference 
is utilized in forcing the water (then at 250°) down through the 
steam drum by means of an injector, in which it carries downwards 
through the down-take Y the heated water in the bottom of the drum. 
'This is carried directly to the heating tubes near the burners, and 
becomes steam.

Figure 3, 
water comes in at the

soon
'The outside tubes are of pure copper, and are r8ff inch 

inside diameter, and s\ inch thick. The inside or real boiler tubes .... 
also of copper, f inch in diameter and Tl„ inch thick, and are made to 
stand a bursting pressure of 1,650 pounds per square inch. Maxim says 
he has been enabled to get a horse power out of three of these tubes. 
'There are about seven
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hundred tubes in the boiler, aggregating a heating 
surface of about 800 square feet. 'The furnace consists of some 7,600 
gas burners, burning naphtha gas under a pressure of 50 pounds. Great 
difficulty was experienced in preventing the jets from blowing out. The 
boiler has lieen run up to 410 pounds pressure, but seldom is above 300, 
at which the engines easily exert 300 brake horse power. The motor 
requires 600 pounds of water and 200 pounds of naphtha for about 
hour’s run.

one

'The boiler proper weighs 1,009 pounds, which together with 
pounds of water inside, and the engines, gas generator, and pumps, 
puts the total weight of the motor up to 2,040 pounds (not including fuel, 
feed water, or condensers), with a total horse power developed of 36 y 
'The weight per horse power, then, is 5.6 pounds.

Mr. Maxim at first designed an extensive system of surface condensers, 
which was, in reality, nothing but the interiors of all the hollow tube ■ 
construction in the flying machine, and most particularly that exposed to 
the air in the wings and planes.

After considerable testing of different screw propellers, a type was B 

upon which appeared to give the maximum thrust with the
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periphery is 5 ft. 2 in. wide, and the pitch if, f,.,.t pk . 1 tht
hollow shafts of 5 inches diameter, 5 feet long and | bL^hi^" These 

screws are capable of driving the machine on the rails at 40 miles 2
out ofWthe3L52 6r T' ^ minUtC- Mr' Maxim has estimated L 
out ol tht 363.63, 150 horsepower is wasted in slin ,,, ,, , , .
nplif,, and 80.30 in overcoming horizon,,! reaiamnce'.hen mX'g m ”
miles I he horizontal thrust at that rate has l*en measured at 2000
pounds, though it may be much greater before starting. On account of
the great loss ,n shp, it is seen that the diameter of the screw?l not
great enough. Mr. Maxim thinks it should be at least 22 feet and h

at the periphery, discharging it in a longitudinal direction. 
s«rews he built were of a pitch of 24 feet, which 
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In different parts of the machine are dynamometers for measuring the 
power exerted. Between the platform and wheels are calibrated springs 
in connection with a dynagraph, which records the uplift of the whole 
machine from the track.
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Indicators on the engines and dynamometers 
the shafts record the horsepower. There is also a speed indicator. 

The weight of the whole machine, with water, fuel, and three 
hoard, was a little less than 8,000 pounds.

on

men on

The Maxim machine exemplifies the true flying machine, 
plishing flight by motive power actually aboard, and not depending upon 
the wind. Mr. Maxim, however, does not wish his machine to be known 
as a flying machine as yet.

acconv

He says :—“ I don't call this an air ship, or 
anything else. To me, it is merely a machine for making experiments in 
aerial navigation.” Nevertheless, this machine has actually flown. On 
July 31st, 1894, it raised itself, not only off the inner track, but from 
beneath the outrigger track, completely freeing itself. This is the first 
time any machine has ever actually lifted itself free from the earth, and, 
though an accident, marks an epoch in aerial flight.

«

least

No better description df the action of the Maxim ship can be 
presented than by reviewing the facts of the above accident of July last. 
Several previous runs had been just made with steam pressures of from 
150 pounds to 240 pounds, and the machine was pushed back over the 
track to the starting place, at the workshop, and was tied up to a post and 
dynamometer. The screws were set going at an increasing rate, until they 
attained a speed of 375 revolutions per minute, and were exerting a hori
zontal thrust of 2,100 pounds. I’he pump was delivering 5,000 pounds 
of water to the boiler, and the safety valve 
at 310 pounds pressure.
go, and the huge machine, with three men and all apparatus on board, shot 
forward at a frightful speed of thirty-five miles per hour, 
blowing off at 320 pounds pressure, and the speed of the screws increased. 
Having run about 500 feet, the machine
rails, and was running on the upper ones, the outriggers bearing all the 
additional uplift. When this occurred, the machine had lifted its 
weight—8,000 pounds—and was really flying. At the 900-foot mark the 
rear axles (two-inch tubing) buckled, and set their outrigger wheels free, 
which allowed the aeroplanes to decrease their angle of motion, and 

luently increase the uplift. Steam had already been shut off, but at the 
i.ooo-foot point the uplift became so great that the left hand forward 
wheel left the safety track, and immediately afterwards the right wheel 
crushed the other outrigger rail, and the débris became entangled in the

was blowing off slightly 
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I 12 aerial mechanical flight.

suggestion of tying our machine below a captive balloon, and thus practis- 
,ng, Much m*ght be learned also, theoretically, by the experiments on 
models by Hargraves. An idea has occurred to me which may also be of 
assistance m such safe experimenting, especially in our northern countries- 
hat of running a machine such as Maxim’s on the ice, similarly to an ice 

boat. I his would greatly widen the field for practice. I have failed to
any similar suggestion, and have been somewhat surprised that it has 

not been made. I

The folk
beei

S. P. Lai

L. P. Me

see R. H. T1

C. E. l)u 
H. S. Ma

The perfection of aerial flight will come gradually, as did other 
perfected inventions which have revolutionized the whole world We 
cannot look for any one man to thoroughly solve the problem, but it will 
be evolved from many sources, and these will at last contribute to the 
long-desired end. At any rate, the age of blind and unscientific trial is I 
now past; we look to science to solve the remaining part of the enigma
and we no longer expect signal failures of hopeful aviators who, like Icarus’ 
venture too far. ’ I

one

H. J. Dan 
C. V. Rile

i Vernon . 
Elsdale .

Niagara Falls, Canada,
January 22nd, 1895.

Le Conte .

Horatio PI 
Jeremiah f 
V. E. John

1 he follow!
Otto Lilienl 
G. C. Taylc 
J- D. Fuller 
William Kr< 
F. H. Winst

I he follow!
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G. W. Hastii 
J- Bretonniè; 
G. C. Taylor 
A. M. Wellir 
A. F. Zahm 
Lawrence Ha 
F H. Wenha 
F- H. Thursl 
C. E. Duryea 
A. P. Barnett
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DISCUSSION,

I’ltiNt II'AI. Cai.iihaitii. The author In lo l,e complimented the 
excellence of Ins |iu|ier. It shows it very large amount of research in 
connection with a fascinating subject. It was the fashion not long ago to 
pooh pooh work of this kind, but lately 
taken an interest in aerial locomotion that it is 

I he older

many respectable people have 
no longer advisable to do 

attempts in the construction of aerial ships were bused on

r1"1 r'f1ih° “ “'«■ a ii.i, i.
n a llmd ol Us own specific gravity, and capable of automatic 
fbe former air ships were balloons floating in the air, and 

screw fans. I he more modern idea is

so

so.

motion. With
I lie /*,yWpropelled by

.... "» imllalo the bird, viz., a body
ic.ivici Ilian its surrounding fluid, and maintaining flight by utilizing the 

reaction due to swift motion. One of the difliculties in imitating bird 
Ugh. «rt.es from the fact that in the bird the supporting wings are also 

the propellers. In machines like Maxim's, on the contrary, the support is 
derived from aeroplanes, which are simply set like the sails of „ ■hip, 
while quickly revolving and comparatively small fans are depended on to 
produce the motion. It both functions could be combined in the 
organ, there would lie great gain in compactness.

" An 
attention
power and 
iliis essay, 
oars, with i 
bill of pulli 
horse, they 
sible to 
flying, sud 
which artifi 
It is also 
walk on Hit 
in old time! 
have not

same

me
Mk. Dt.KK.~Mr. Mitchell has presented to us in a concise and 

m.erestmg form all that has as yet been accomplished in aerial navigation. 
I led that individually, as well as a society, we are greatly indebted to 
hnn for such a valuable paper, which will open up for many of „s a new 
and interesting field for thought.

One question which occurs to me, and upon which I have been unable 
to arrive at any conclusion, is : Would the perfecting of aerial navigation 
bem the best interest, of humanity and civilization? I know of 
invention which would make 
or in the customs 
navigation of the air.

I

sei

no possible
so great a change in the life of the individual, 

or organization of communities, as would the successful 
1 he change would be so great that it is 

imposs.b e to estimate its effects, and that they would be, in the main 
beneficial is, to me, very doubtful.

However, it is a question which we need not as yet consider seriously, 
hough much progress has been made in the construction and oper- 

ation of flying machines, the greater part remains to be accomplished.
1 he danger from sudden squalls, the necessity of moving
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ship’s native element, the ocean, in its various moods and aspects, so that 
he may adapt the one to the other under all its varying conditions, with 
safety to himself and profit to the world at large.

faith grows with knowledge, and knowledge with experience, aided 
by observation and reason; but practical demonstration begets faith, reason 
or no reason. The generality of mankind has no faith in aerial navigation, 
because no practical demonstration has been presented ; on the contrary, 
t e subject has been, and is, greatly ridiculed because of the many 
unsuccessful attempts by disciples of false doctrines of the art and 
disastrous consequences to ignorant, short-sighted, and reckless devotees. 
Although the subject has now for some years engaged the attention of 
scientists, very little is known either of the action of the air on the 
supporting surfaces of birds, which afford us our only successful models 
at present ; and in spite of eighty years of history of ballooning, the laws 
governing the motions of 
counter-currents, are not understood.

our aerial sea, with its billows, currents, and

The sciences of anemomçtry and aerodynamics being thus in their 
undeveloped state, principles are advanced with trepidation, and most of 
them he in the realm of conjecture ; this dearth of reliable data precludes 
the manufacture of any machine with a reasonable expectation of 
approaching success. The tentative method pursued by Herr Lilienthal is 
t erefore commendable, and lies on the highway to success if supplemented 
by the application of experimentally determined 
principles. data and established

Since rapid locomotion on land has been affected by a departure from 
nature’s methods, and since the screw propeller has no analogue in all her 
wide domain, the problem of aerial navigation will, in all probability, 
require, for its ultimate successful solution, instruments of propulsion or 
even sustentation other than wings, but learners should study objectively.

Many theories have been advanced to explain bird flight, more 
especially soaring flight, which the bird accomplishes with such grace and 
ease but which presents a harder problem and darker enigma than the 
quick, complicated actions of flapping flight, so tiring to the bird. No two 
theorists agree perfectly, but the following statement is fact : aeroplane
absorbs energy only from a variable wind. In a theoretically steady breeze 
(no wind is absolutely uniform either in velocity or direction), the necessary 
change of wind velocity acting on the surface may be obtained by changes
in direction of flight, such as “circling,” etc., to the formation of “relative 
squalls.”

V
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P=O.OOI53Z/2

and *=" =0.615
Ati

Maxim 
power b

cases, let us consider the aeroplane as the vane of a turbine 
pump, and anticipate a like action of air 
water on the vane.

Mf1
Laschim 
Maxim I 
due to a 
“The m 
an ordin; 
power is 
naphtha

or centrifugal 
on this surface as that of the 

I he pressure acting on the surface depends upon the 
mass passing per second, and the angle through which its motion is 
deflected by the resisting surface. Since the aeroplane is stationed in an 
unlimited stream, the mass acting is governed by the size of the plane and
aTntrïT °f I'" b0Undary- while ,he effective pressure per unit of 

mass of fluid depends solely upon the angle of deflection ; the efficiency 
oi the whole system of transmission of desirable 
the shape, which should have 
of direction, because a fluid 
absorbing whirls.

This theory, however, when applied to air, may need essential 
fication, since a,r be.ng perfectly elastic and easily compressible the 
o impact, instead of being harmful, as in the case of water, may, when 
properly applied to fitting apparatus, become of immense utility, and form 
an essential feature of the future flying machine.

In calling attention to the statements regarding the Maxim 
is clear that a mis-statement has

pressure depends upon 
smooth curvature to avoid sudden changes 

as mobile as air is easily thrown into
a

energy-

modi-
effects

1
motor, it

300 ho,* power per hop,
cent., and 42.5 thermal units per minute as the equivalent of 
power, is

15 per 
one horse

300 x 42.5 x 60
=5,100,000, B.T.U0.15

I he total heat above 32° F. of 1 pound of steam at 320 pounds 
gauge pressure is 1212.5 thermal units, and the heat supplied per hour is

1212.5 x 600=727,500 B.T.U,

I

or only about ,4 per cent, of the amount required to produce that power.
Further, also, 200 pounds of naphtha, assuming that 15,000 thermal 

units of heat are received by the 
sumed, would furnish only 59 per 
the power.

water per pound of combustible 
cent, of the heat required to produce

con-
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HIRTHEArOMMn °F HEAT DISTRIBUTION IN 
HE CYLINDER OF A STEAM ENGINE

Edcar J. Lasciiinubr, B.A.Sc.

opened mth the cylmder dunng the return stroke of the piston 
other improvements of excluding the air from the 
cylinder by covering it and introducing 
making the cylinder double-actin 
changing reciprocating into 
succession.

was
His

upper end of the 
steam to force the piston down, 

g, using the expansive power of steam,’ 
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sss£,“—-
Without entering into speculations (which is beyond the province or 

scope of this paper), the action going on in the interior of tilt- 
ordinary steam engine may be briefly described 

Steam, saturated or slightly »«, is admitted at the beginning of the 
stroke mto a apace enclosed by metallic .alls, a space that had the instant 
before contained vapor of a much lower 
exhaust of the previous stroke ; thus

cylinder ofan
as follows :

pressure and temperature, the
J........« - J- * "HI, condensed,''^22^

Cm aS “ fil™' °,r Wh'[lm8 about as mi« with the eddying currents of steam 
unng all tins time the walls have steadily abstracted heat from the steam

Now however, the admission valve closes, and as the piston travels 
forward the steam enclosed completely begins to expand, and as it expands 
us temperature rapidly falls with the decreasing pressure, so that the walls
. ® n°W h. ter than lhc fluid> consequently heat travels from them to the 
interior, the water on the surfaces evaporates, and this new-made steam 
does work by augmenting the pressure acting on the moving piston. During 
expansion, therefore, heat travels from the walls to the fluid **
fin/e,aVhVnd °f thc Str°ke the exhaust v=lve opens, and the steam 
finds relief either to a condenser, a low-pressure cylinder, or to the open
‘ “ he,CaSC n,ay be' The steam escapes at a low pressure and tem
perature during the return stroke, and the walls, still being very hot an

ergetic exchange of heat goes on, the water on these interior surfaces 
King converted into steam. During the process of exhaust, therefore, there

fromSth°US U181® Cai beCaUSC the steam madt by the heat absorbed 
from the walls ,s incapable of performing any positive work on the piston.

hen the exhaust valve closes near the end of the return stroke the 
steam enclosed is compressed in the space behind the piston, and its lem- 
crature rises; during this operation, therefore, the walls, rendered cold by 
eir long exposure to the exhaust, may receive heat from the steam, but 
ess the compression is considerable, the exchange of heat in this 

very slight and of little
The end of the stroke is 

cycle of operations similar to th

i
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slrok! t r ' 5 ,r lhe of wm to, on, complete

sien,, I,„ |,rCSSU" is Practically ,h„ of the I,oiler
bm "'"K eeodeosation due the I,en,ine of the .nil,

,tom *»>“■ ....... h necessary do the „„,k . white

Po,
dicated.

more
expansion is going 

steam is re-evaporated, and thus increases the
oreseni h» i during exhaust, all the heat contained in the
ptesent at release, together with all ihe heat
evaporate that water, is absolutely thrown away 
conve,!n,lêeZ.v"Kid “ ’ '’™’e ",ovcr’ mi"« h“> « theav.il.bleand

As a H irn^ana'l'ysis^inchides '^knowledge of lu ^T^tilT 

for a conmlete »e«t it i b ai me quantities necessary
schmidt, “The calorimetric mefhod^eng^Mesting/’ Ca"ed ^ (:USl‘1V

heatf COnSiS,S°f:
furn'shed i lhls '"dudes steam used in the jackets, if there 
(*) A record of the cycle of operations going 

obtained by taking the indicator diagram

leaving the condenser, and «king temperature ofTh, ®

under the h^ onleat'Xed is <«**«
is obtained by observing , Rme WUh steam J^kels, this loss
when the engine is at res °f COndensation taking place in them
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pressure, doing work ; il

water
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I
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dicated Pl’ P=’ Pl1’ reprCSent ,he pressurcs of the s*am at the points in-
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parts of the stroke.

he total 
e any. 
ylinder ;

g the different

I., ^11 IJ), Ig, are 
the several points.

Now, let Q„ Qb, Qt, Qd, represent the heat 
working steam and the walls.

Applying the theory of the conservation of energy—
Q. = I0 + Q- I, - A\Va

'vlien Q is the total heat brought in by the working fluid and AW is the

admissio" a

Qh=I, -I2 - AWb
Qc = I2 + AWC- Mq4 -G (qic-qd- I,
»,T u ,WOrking fluid' and ’• 1,5 *“• =f «quid co.

Ponding to t4, the observed temperature of the condensed steam • G is 
I* «,gh, of condensing and q., ,he bead, of liquid co “sidin ' 
“ lhe ,Cml»M"=* h. -o »fh= «,=, on leaving ,„d entering. ^ *

Qd = I3 + AW„-I0. 6
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If the steam is superheated

Q = M [r + q + cp(t, -1)]

m>,o i,s p"-

Now I0 = M0(x0n0+q0)
Ii =(M + M0) (x,n, + q,)
I» = (M + M„) (XjjUjj +q2)
I3 = M0(xsns +qs)

tWheTointWs:th„ ^ÏX7rS the <-“***■ “earn at 

liquid coi^pond.* 9 the *
M" WehaTj abo^ StCam C°mprCSSed’ wb^cb ««not d'agrams-
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however, 
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As a

(6)

(7)
(8)
(9)

5 (10)

where W

vo = M0(x0u0 + v)
(vo +V,) = (M + Mi,) (x,u, +v)
(vo + vs) = (M + M„) (x.,ua + v)
(Vo + V.)-M0(x.u1+v)

u refers to the change of volume which 
dergoes when converted into saturated steam, volume s 

Now, since we have four equations and five 
to make an assumption in order to arrive at a result 
may suppose, for the case of considerable 
(a case rarely met with) 
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-ÏÏrÆS ^r=2:f in”i6a,i0" - li« in

however, have shown that the " , 7 °r admission' Observations,
Dery calculates the heat rejected from'^he cvr^'trUC‘ I)wdshauvers- 
walls by making it equal to the int i i ^cr ^ue t0 the action of the 
in the cylinder at release * thus assun i Vap°rizatl0n of the water
as dry; and he says that calculations thus ha T™ CaiIghtat comPression 
ments within the limits of experimental error"' ^ aClUa' meaSUre-

1:(6)

its pres

to)

io) error.
w . wX-w.-T"'lhe f0,l0"ini ",M,ions

where VV is the indicated work
Q= = Qj + Q, + Qb + Qc + Qd

n. u L Q'"Q + Q|-G(qk-q,)-Mq4-A\V \
,tLh„Lhtr,ttZe C,li"der by “ -dQ is

As a check onteam at 
heat of 
igrams.

are applied
(21)

(22)

0
z)

By combining equations (3) and (23) we obtain 

Qc-I*-ï3-Q-Qj + Qe + A(W + VVc)
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-r-n^-'LTa^^T^ ‘he « efficiency

2 !?y jacketing the cylinder with steam.
<3) Hy mcreasmg the rotative speed 
f the entering steam were sufficiently superheated 

■nmal condensation, and therefore the steam h ' ? ’ 
that powerful vehicle of heat," being absent h ^ ^ 3t re ease* ‘Vilier>
heated or dry steam is a tvuei ft 7 ’ d dry gases (of which super- 
indifferent,y from heatJd suZJ '7 ^ a"d

Steam-jacketing induces a flow Zh , * be carried off.
of "* and decreases ,he ZckZZ T"“ in“ri°r

consequently there is less initial condensation ano r oT^' ' P°rti°n- 
trated, the interior surfaces would be drvat rl ’ j C'Cnt heat pene' 
would be rejected by them during exhaust ^ practical|y no heat
»-,h LnTo„t X,ur^,haatty ?rics -i,h ,he of=."«=.

1,011 l,)e less heat is transmitted and th/ $ the l'me ^communica
nt'1 the temperature fluctuation: wil peneTatJ thj "T ** ** **

temperatures of admission and exhaust ThT"8 ‘He limitS of the
heat from the entering steam, 7 pendu,uni takes a charge of

swings with its freight
'°»6 as i, is allowed T™« *•*"«=. hear „
Willians* made man, c. 2 ” ^“"7 TV''* ^within the limits of his engine 2 W pr°Ve inclusively that,
minute), economy resulted8and arc ^aX'mum speed 4°o revolutions per 
•ions on those test e heat exC ! 8 *° ÜWe,sha—Mery’s calcffia-
increased speeds. CXChangeS Were a" neatly decreased with

the application of thT^thodfo^^in^r^"3"1103’ h°WeVer’ limit 
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THE VENTILATION OF SEWERS

Hy W. F. Van Bvskirk, A.M. Can. Soc. C.E.

Sewer ventilation has received much attention in, _ many works on
sanitary engineering ; therefore I do not propose going into an extensive 
history of the subject, nor to weary you with a long list of chemical smells. 
Smells may be very nice in the laboratory, but I must confess that I do 
not appreciate them in a sewer, and generally keep out of their sphere of 
influence as much as possible. 1

Were it possible to put in house connections, plumbing, and fixtures 
that would remove the household wastes, and at the same time prevent 
admission to the house of any gases or contaminated air from the 
the necessity for ventilation would not exist, and the much-abused 
hole grating would be banished from the

sewers,
man-

centre of 
to prevent 

It is i 
to dry bel 
bacteria ar 
is much gr 

In ore 
be timed tc

This is becoming
recognized as an impossibility in practice, however, and the shallow S 
trap of the text-book, whose only fault was that it sometimes refused to 
swallow a dishcloth, is in danger of losing its reputation as a defender of 
the household.

streets.

It will, no doubt, be some little time yet before our old 
friend is returned to its proper station in society. It was only the other 
day that I discovered a touching example of architectural faith in the old 
S trap. Cellar drains with gratings in floor at upper ends were shown on 
plans as discharging into house drain on sewer side of cut-off" trap.

The best modern practice aims at making sewers so perfect in align
ment and grade that sewage will be kept moving at a nearly uniform rate 
of flow from the house drain to the main outlet, without depositing solids 
in any part of the system, and will reach the outlet before decomposi
tion sets in.

not advisab 
them more 

I am i 
germs beinj 
engineers ; 
the medica 
although th 
that flesh ii 
generally hi 
accurate gra 
mind the se 
the article v 
sewer recent!

Owing, however, to the impossibility of making perfectly smooth 
joints, etc., and of maintaining a uniform depth of flow at all times, a 
certain amount of the solids in suspension will he deposited in the system ; 
and when decomposed or partially dried upon the walls of pipes will 
form gases, and impregnate the air with bacteria.
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the ventilation of SEWERS. ' I29

“‘st hCadS °[al1 b'“'h >™=r,

fch ai, is dratvn in lhrou;h^f:^ « « manholes, e,=„ and

*y«em, immediately in rear of them, ht’,!",™"’ a"d house

unless fresh-a.r inlets art provided on sewer side of 
drams, the seals of traps will he broken i

r'"1 air,a"d btoe™ "»»> a-re=t main, in,' “r'o’fl'»,'’' P'0'"d6d 

Exactly similar action takes place in each 
large quantity of water is discharged 
to provide ventilators for 
traps in use.

seen, therefore, that 
cut-off traps on house

vorks on 
xtensive 
I smells, 
hat I do 
phere of

house system whenever a 
from a fixture, so that it is

the admission of air 
These ventilators should 

since they will both admit 
of air in pipe system, 
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necessary 
upon the sewer side of all 

ln, .. . al1 ,)e carr'ed above roof line, 
Manho11" T "i,h •""» atwtge in ^

on line of“ ;c, rdmWr,„Pderd ra,,Cd if «
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„ —■ aUnlsSisTre faVel^h ^ ^ * *=

prevent any tnjunous contamination of air 
It IS important that any deposit 
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'3° THE VENTILATION OF SEWERS.

the 2“rr'rU?d' f0,"rClling S,one bm d™'". lo=a.ed below
buSi„r ;,:fonhe:„a„:ay'and h,,ing i,s °u,k-■" ■-« * - T1

attend i 
destroy 
ordinari

“ he b°x drain is constructed of stone, with open joints has roueh 
flag top and bottom, is two feet wide, and two and oneValf feet deep but

direcdynto ceMalf W''h 3nd dirt' This drain is conne’cted 

ventilation, and **

short lengths of two-by-four plank nailed to lower edges. This sewer is
wZZ£:„7,LVv S,,e" BUl,iCS Wi,h0l“ - "-cell.,.

Our ;:h7"1iSay'hal disease germs cannot escape from these “
Derind ldS’ 7 phys,Cians’ have many cases on record in their 
periodicals and reports which, upon examination, will convince almost 
any one that diseases are communicated by sewer air.

a reasonable explanation as to the manner in which the

CT',o 7,hcr ,,as ,,e“ "" s,um“ng-

? r°id.rf ~London, wdl, I think, go far toward, removing ,hs |,lo8cU C<X’ 
describing several experiment, in a repo,, to the recent 
he says :—“ This, in my opinion, is 
microbes find

Str

Mr. 
argued in 
the Otoni 

Somi 
of Canadi 
thorough!

To n 
is remarki 
contains, i 
incorrect i 
evidence 1:

sewers ” ? 
numerous

The want of

sanitary congress,
of the principal

access to sewer air. The bacteria of the sewage may creen 
ke those of typhoid up the walls of the damp nutrient sewers so that 

they may be literally alive with them. Moulds here also 
proliferation. In their struggle for existence 
with bacteria, and in shooting forth their 
bacteria with them.

one ways sewage

grow with great 
they will often be covered 

spore stalks must carry some
project from the damp sewer walls, and have^beJme 

ion, the clinging bacteria and their spores will become liberated mould 
spores and bacteria and their spores will be wafted with every air current • 
many will gravitate to the sewage, others will stick to the^amp sewer 
walls, others will be carried up the ventilators to the outside mr whl 
others, again, may gam access to dwelling houses.”

I am strongly of opinion that all 
contagious or infectious diseases should 
should in no case be discharged into

When the

wastes known to contain germs of 
be burned immediately, and

sewers.
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Stratford, Ont., January io, 1895.
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the cleaning and annealing of castings

II. L. McKinnon, ’95.
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THE CLEANING AND ANNEALING
OF CASTINGS. !33
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iron, but in cLtiZ .^J 1 '“S °f, ,h= =-u« of the

With a smooth and clean surface \uain niatter’ as comparedi.or,d,„„llgc |„ casfi^tL Xtn7m°"' °r,he 

magnetic considerations. We may take it 
soft iron is more suitable for electro-

crust
dynamos, due to electricaland

general principle that 
magnets than hard iron, so that hv 

decrease the magnetic resistance.

as a

removing the hard crust we
I he rolling process is one much nc,„i 

castings. The most common .1 • to k,|vc a smooth finish to
indcrs, or barrels of various ■ K l° pUt the castin8s in metal cyl-
length, and from eighteen to thru’t0 four feel 
clippings, sprues, and small scraps Th ’.' l ll,an,oter' alon« w'tl' some 
than half full, and rotated at “ are filled a l,ttle more
revolutions to the minute t e 6 Spced’al,out from twenty to fifty
castings and on the size of’the rolls tcpend,ng on the weight of the

r * - *** -
mounted (,n a .shaft about two inches in diamelel. ^

each of these there was a flange extending all the
flanges bolt holes at regular intervals
of the rolls consisted of
which

were
At the outside of

way round, and in these 
The sides 

or four inches wide, 
holts passing through the

around the circumference, 
cast-iron staves about three 

were fastened to the heads by means offlanges.

fii« I» med ,hc
wearing rapidly „„„ ,Iriking cac|, Prew« "

-«*• * «« 
slyle being ihat these will hold w,u!:r " ïh «“ecn them and Ihe other 
with castings, and the rolls are then fill .rl u Cy mders are nearly filled 
ner similar to the others It is ,-lV / iT'* 1 Water and rotated in a man- •bis way, and as £dJZZ ‘t k in

rolls of this kind it would seem n great d,fficult>'ln making
-he old-fashioned rolls would I* ^

heating them to cherry rednesITn adgh t o^enlVk CaSt'ngS by
period ranging from twenty-four to one hundred k 'jP'ng,he'n hot for -
allowing them to cool slowly Thoueh the d d ^ e,'ty hours* then

y hough the process is much the same for
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THE CLEANING AND ANNEALING OF CASTINGS. *35
all castings, we will consider the treatment of 
arately. gray and white castings sep-

The even in which the casting, are heated .ill here be described 
I have seen bn, one, which is shown in the drawing. Figs. “Tdl

“'y' ™d f0r ,hiS ™ ^ Î

It IS bu.lt of hard white brick, and is as far as possible solid which
g . fCat Stabll,ty and strength. It will be easily seen that strength
"at tothTch t°hf "'H 3re VC,y neCCSSary0n ~ <*** long-conZ 
heat to which the walls are exposed. To further increase its strength iron
rods run across it, one on e.ther side, which may be screwed 
bdcSkworkmeanS °f '°ng WaShCrS’ bdng SprCad °ver a considerable area of

I

up, the

The outside. . . . . measurements of the structure are six feet by seven feet
piece, ochn«Ve I f”n high' The d°°r “ ,be °ve" consists of two 
P ce,, fifteen by thirty mches, and is built ol brick, inside a cast.

I he main frame to which these doors are hinged is also ofiron frame.
cast iron.

I he inside dimensions of the oven proper are three feet by four feet 
six inches, the height varying from three feet four inches at the sides to 

r feet m the centre, on account of the arched top which supports the

% slT T °r The ”,e 8”'= is shown a, the left ininchi ' n 8',n k ! “ ,he which i, twelve by fifteen
inches. Beneath the grate is shown the ashpan. and a damper to
regulate the draft. This draft is quite indirect, the products of combo, 
;on teing led from the fireplace by means of two flues which are built 

the brtckwor , three inches below the oven. These flues lead 
• ger one, which is at right angles to both, and which runs into the 
h omey a, the corner of the structure. On the brickwork bottom 
he oven is placed a cast-iron bed with raised flanges crossing it it,

T'“=' a"d f‘,|dl"|8 “P “*» hollow squares, of five inches, 
he thickness of metal throughout this piece is three-quarters of an 

and the depth of the hollow I alters ol an

to a

two
a side, 

inch,
squares a little more than one inch.

don I,6 gr3y CaStmgS 10 be annCaIed are*if small, put into wrought-iron 

in nia re?ng f°rm’ and ofconvenient size to be easily handled Placing in the oven and removing again, andare covered with sand so 
as to exclude the air as much as possible, and also to prevent the castings
jZ to"S CtH It'" °ther; "b’? raiSCd 10 the hi^h tempera,ure of from 

• It is usual to fill these pots first and to place them in

8: .1 :: -•
_

r
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•36 THK CLEANING AND ANNEALING OK CASTINGS.

the oven, where they will be exposed to less heat 
these being thrown in together, and covered with sand, 
castings that are to be annealed at 
doors are closed up and all joint 
with common clay.

than the larger pieces,
When all the 

one time are placed in the oven, the 
daubed with fire-clay, or sometimess are

I he lire » kmdlcd, ami in the oven dccnbcd wood i, alway, 
' U' **"“ “> Km heller satinfaciion than other fuels since 

::::::: c c,™s "u=s ^ ^
oven „„tN th, T * 'y '""«-”"6 lemperalure is obtained in the
slackened, awl “"'Per”re " *> <*=
In the present

may be
a constant temperature kept up f„, any of ,in|c

which the firing^ceoses 'and J,he T"'"'’’ “Z' '"",",r r,’Ur ho""' 
fall until , k , , 1 1 temperature is allowed
fit I until cool, when the oven is opened and the 

hese castings will then be much 
especially on the outside, and the tensile 
increased, and the brittleness

to gradually 
castings removed-

softer than before the treatment, 
strength is generally somewhat

modified.
The process... ■ . . as “PPl'ed to white iron castings is very similar excent

ri1: T,: „:''rro,,'tti,,nB ,hc ^ ^ ^ •>y rust, hammer scale, or some substance rich in the oxides of iron 
The length of time during which the heat is ken, ,, , ’

"f ,k iroi"
•and duct,,c that the, ^ZZd'ZZ Tcu’cl 5SÏÏT

eTL^r^rs:;„g1^“t,tyl"*eldh'

very well known process do n°t appear to bee > well known, and are no doub, partly physical and panic chemical
The molecular structure may be aflheted by ,hc heating Mlowed b,
r»ed l,“,She!; thC difeem forms of sulphur
wen klw^rZds’0 Van0US ,e"~a"d cooling I ‘ certain

nnny authorities, amongst whom might 
giay cast iron chiefly in the way in 
Most of the books which I have 

n combined fe< 
th gray iron the

ow
are

White cast iron, according to 
be mentioned Roscoe, differs 
which the carbon is contained in it. 
state that in the white iro the mrl
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I HE CLEANING AND ANNEALING OF CASTINGS.

b ned and is in the form of graphite. Turner, of Birmingham, writing 
mthe Dictionary of Applied Chemistry," disputes the above, however
and from this we are led to infer that this is an open question at the pres- 
ent time. 1

*37

Mallet doubts whether decarbonization is the cause of softening and 
states that by annealing white brittle cast 
sand we obtain not 
the constituent parts.

iron in either haematite, chalk, or 
molecular change ofso much a chemical change as a

If, as a number of writers assert, the carbon

7 ,7Car7e' " 7"sil'le •"«- '!>« following reaction "take* place* 
2l'e4C + 02- he. + 2CO, after which the CO burns away, the oxygen 
or tins reaction being obtained from the oxides in which the castings are 

buried. In the case of the gray iron castings, it is hardly possible that the 
silicate w,I be broken up while the temperature is kept so low as red heat 
It seems therefore, more likely that the change in this case is of a physical 
nature, although it is possible that a silicate of iron is formed neal^ the

We know that wrought iron, which is iron in its softest form , 
tains a very low percentage of carbon, probably less than one half of 
per cent., and the various pig irons used in casting from three to six ner

con-
one

followed by pickling, if that process is used, but as it materially increases 
ie cost a great many of the castings are taken direct from the annealing 

oven and treated ,n the rolls. If the castings are pickled, that precedes 
the tumbling m the rolls, or rattle barrels, as they are sometimes called. 

It should be understood that castings treated by the above 
only used where their extra usefulness counterbalances their increased 

cost. F°r mstance, m sewing machine work, where there is a good deal 
of milling to be done, it is very important that the iron be soft 
castings for such uses require also to be very smooth, 
therefore, be considered before

methodsare

, and all 
Many points must, 

we can say whether or not these
LTSeSt are rîta,)le> Malleable CaStinRS are usual'y made to obtain 
greater strength than is possible from common gray iron castings and
where the shape desired is difficult to forge from wrought iron or steel.

Toronto, Nov. 19th, 1894.
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THE CANADIAN DAWN ANIMAL

a. T. Tvs, '95.

Easoon Ci made me, the Canadian 
of the most ancient fossils with which 
should Kozoon

Dawn Animal, is essentially one 
actually I i lhC pa,ieonto,0*ist has to do, and

Hie primordial 6*ih"which i“'"' '' '*• namcly. » foraminifer,men', of an hoar,

Ihei, altered a„mcl rj à ,lu'"'' *°u,hful modem,,,
animal «I.nTtol r Y" 1'*" "as ”ri”' '» 'v6md ,h, 

-tea, many ......""*<*“* * *

*» bi ■-
William Dawson, FRS F(’S Ian n great authorities—Sir 
etc., of London. fheZ* ^ Carpenter, C.B., F.R.S., F.G.S.,
derived are “The Dawn of Vife ”The’M,>hU'' aUthonty has been 
lions,” “Notes on I',»,, n , Microscope and Its Revela-
ing to those who should care To *"**' *”d WlH l,c fou,ul very interest- 
introduced. Before proceeding ,Lnt|l"rt lnl° tllat period when life was

evolution hypothesis, the a....
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limestones and organic remains ; even quartzites, slates, and dolomites are
,SU ' SUL,h :is would md,cate the ordinary disintegration 

water or the evidence of any distinction of land and 
termed a fundamental rock, and “ 
the earth,”

of rocks under
water; thus it is

called into play. Above this is what Dr. Sterry Hunt calls the 
Grenville senes, and contains, Asides large masses of gne£ tdsof 
limestone d,or,te, pyroxene rock, quartzite and magnetite. ’ 
stones, winch are commuons, occur in three great principal bands, which 

traceable for long distances. These bands are of great thickness and 
consist of crystalline limestone with dolomite, and serpentine, graphite 
; atite, and mica In the Grenville band, which is uppermost, is found

m0S! Per^’t hozoon- AI|ove the Grenville, again, is found the Upper 
l.aurentian o Logan, which has afforded no fossils, and it is thought that 

rt of ,t is of igneous origin and indicates great earth disturbances 
■lit end of the Laurentian age. This disturbance was accompanied by a 
great lapse of time, and it is represented locally by schistose rocks.
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PRESERVATION.

Now, as to the manner of the preservation of Eozoon, it is only necessary 
to work upon the supposition that it X
difficulties may be explained.

Large masses, usually of indeterminate form, are found in the above- 
mentioned beds which much resemble 
masses are

was a marine organism and many

an ancient coral reef. These 
formed of alternating layers of carbonate of lime and serpen 

me, frequently from fifty to one hundred in number. The great rceu- 
lar.ty m these alternations, and also the fact that it presents itself between 
ot rer calcareous and siliceous minerals having caused suspicions that it 
was the product of an organic creature, very thin slices of the best preserved 
specimens were submitted to a rigid microscopic study by Dr. Dawson 
of Montreal, who at once discerned the nature of a foraminifera. 
calcareous layers had the characteristic 
arranged as to constitute

The
appearances of a true shell, so 

irregularly chambered structure, and 
frequently traversed by systems of ramifying canals corresponding .. 
of calcarina ; whilst the serfientinous or other layers were regarded 
casts of that portion of the animal which the sarcode originally filled 
caused by the infiltration of silicates. This action has occurred in various 
geological periods, and is going 
by an abundance of evidence.
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140 THE CANADIAN DAWN ANIMAL.

Having taken up the investigation at the wish of Sir William Logan, 
r. Carpenter, of London, was not only able to confirm Dr. Dawson’s con

clusions, but to adduce new and important evidence in support of them.
Die test or shell, which grew upon the floor of the ocean, was com

posed of a series of these calcareous laminae, which, though not perfectly 
parallel, bent towards each other, forming flattened chambers, deeper near 

e bottom and becoming shallower in the upper parts, till at the top they 
become broken up into rounded cells, which constitute what is known as 
an acervuline ” mass. Now, when the chamberlets, which were formerly 
filled with the sarcodic matter of the animal, have become empty by reason 
of putrefaction, the space became filled with the infiltrations of mineral 
matter which were being deposited at the same time in the surrounding 
material. These minerals were especially pyroxene and serpentine. If 
well preserved, the calcareous laminae are seen to be traversed with a mul
titude of canals, terminating in very fine tubuli. The usual form of 
Eoizoon is that of a turbinate, or club shape, and these, by coalescence, form 
wide sheets or ununiform masse* In this case conical or cylindrical tubes 
or oscula may be observed to penetrate in the direction of their thickness.
I he sea-surface of these oscula is strengthened by the bending and 
coalescence of the laminae. The walls of the animal have remained 
unchanged, except that they have become somewhat crystalline and assume 
the cleavage of calcite, which is common, however, in palaeozoic shells 
and crenoids. Should the calcareous tests be broken up and scattered by 
the waves and currents, Dr. Dawson thinks that their fragments would 
consist of that which is found in the limestone, called archæospheri

Assuming Eozoon to be a fossil animal of the above-described char
acter, its mode of preservation in the ordinary serpentinous specimens is 
more simple than that of many fossils of later date. The chambers have 
been filled, and the canals and tubuli traversing the calcareous test have 
been injected with a hydrous silicate. This is a filling by no means infre
quent in later fossils, and, as Dr. Carpenter has shown, it is going on in 
the modem oceans, in the case of foraminifera and other porous tests and 
shells injected with glauconite. Mineralization of this kind is not nearly 
so confusing as is the case of many fossil corals and fossil woods, the cal 
careous or woody matter being replaced by silica, oxide of iron, or pyrite.
In a great many cases, in palaeozoic fossils, the cavities have been filled 
with successive coats of different minerals,giving very complex appearances. 
That porous fossils, once infiltrated, are nearly indestructible should not 
be forgotten by the geologist. There is hardly anything, except fusion 
itself, that would cause the complete destruction of their structures, and
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these frequently remain in perfection even where the external forms have 
been totally lost. There is, therefore, nothing very strange in the preser
vation of Eozoon, except that it occurs in highly crystalline rock. But 
many palaeozoic limestones are of a highly crystalline character, and yet 
retain abundant evidences of their organic origin ; for example, the Chazy 
and Trenton limestones of Montreal have a perfectly crystalline fracture, 
yet, when sliced and studied under the microscope, they are 
sist of organic fragments having their most minute structure preserved.

Many specimens of ccenostroma are 
of Guelph, in Ontario, entirely replaced by perfectly crystalline dolomite, 
which not only shows the lamination, but even the fine canals. Correspond
ing appearances are found in the gray dolomite of Niagara. In places, 
stromatopora in masses can be seen dispersed through the rock in a 
similar manner to Eozoon in the Laurentian limestone.

of these fossils resembles that of the Eozoon of Côte Ste. Pierre

Logan, 
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The mode of
occurrence
in every respect, except in the absence of hydrous silicates, and some of 
those who oppose the organic nature of Eozoon take the badly preserved 
examples of it as typical, and suppose that these are in the original 
mineral condition. Such a mode of argument would, however, dispose of 
all reasoning from the fossil structures, two of which are corals and 
woods. What seem to be a much more reasonable way would be to use 
the well-preserved specimens and portions as the means of interpreting 
the rest.
of form, with reference to the mineral infiltration. This salient feature of 
the fossil attracted the notice of Sir William Logan, and caused him to 
believe in its organic nature long before its minute structure had been 
studied, and since then the argument has been much strengthened. The 
minerals, serpentine, pyroxene, and loganite.are found filling the chambers, 
while the first two, together with dolomite and calcite, fill the canals, which 
often have calcareous fillings in the finer ramifications when the main 
branches are filled with serpentine.

Eozoon has, in common with other fossils, the independence
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FORM OF EOZOON.

The shape of Eozoon in its general form is that of an immense 
confluent sheet or mass, which may be somewhat distorted by lateral 

But the fact has been established, from recent examples, thatpressure.
the normal shape of a young specimen is a broadly-turbinate, funnel- 
shaped, or top-shaped form, sometimes with a depression on the upper 

These specimens also enable us to determine that there is nosurface.
theca or outer coat, and that the laminæ piss outward without change
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142 the CANADIAN DAWN ANIMAL.

to the margin of the form, where they seem to have a tendency to coalesce 
by bending. It is also evident, from the close study of sliced specimens, 
that there exist cylindrical depressions or tubes, sometimes filled with 
calcite or serpentine, crossing the laminæ vertically. These are noticed in 
the large confluent masses, and have no special arrangement, but their 
occurrence is by no means accidental, as they were designed for the 
admission of the sea into the lower portions of the structure. If Eozoon 
was an organism growing on the sea floor, it would be most probable that 
the waves would, in time, demolish the upper acei vuline structure to 
extent ; then the currents would distribute these particles over the sea 
bottom, and in time we would expect to find them imbedded along with 
Eozoon in the rock. In fact, such fragments are found in the Grenville 
band, the Adirondack Mountains, Mass., St John’s, and in the Alps. 
The Red path Museum (McGill College) has sawn slabs of limestone 
which show irregular layers or bands, and these are evidently successively 
deposited layers, and when examined closely show the structure of Eozoon.
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VEINS OF CHRYSOTILE.

As has been mentioned, there veins of fibrous chrysolite which 
abound in the serpentinous limestones of the Laurentian, but these are of 
secondai y aqueous origin, as they fill cracks or fissures, not merely crossing 
the beds of limestone, but pasting through masses of Eozoon, and the 
concretions of serpentine which occur in these beds. These chrysotile 
veins must, therefore, have had their origin long after the Eozoon 
buried, as it even occurs after the beds have been folded 
They, therefore, have

are
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and crumpled.

connection with Eozoon, which has been 
subject to the same bending and compression as the rocks themselves. 
These veins have been mistaken by 
portion of the fossil.

no

for the very finely tubulatedsome

At
OTHER LAURENTIAN FOSSILS. phosph 

in the i 
when 1 
Williarr 
of “a p 
animals 
P- 125-i 
some 0 

Silurian 
localitie 
Lauren

In the Ottawa district specimens found of peculiar cylindrical or 
elongated conical bodies, which are from one to two inches in diameter, 
and occurring in connection with beds or nodules of apatite. These 
composed of a thick outside cylinder of granular, dark-colored pyroxene, 
with an inner core of white felspar, and show no structure, except, 
perhaps, that the outer cylinder is sometimes marked with radiating bands 
of a rusty color, which indicates the decay of radiating bands or plates of 
pyrite. These bodies may be organisms, perhaps, of the nature of 
archzeocyathus, but this is only conjectural, and is based upon nothing of 
very positive importance.
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CRYPTOZOUM.

Very large laminated forms, which have been described as Eozoon, 
have been discovered by Professor Hall in the Potsdam (sandstones) 
formation of New York, and in that of Minnesota. Professor Dawson 
discovered fragments of these fossils in the conglomerates of the Quebec 
group, associated with middle Cambrian fossils, and he states that 
whatever may be their zoological relations it is evident that their mode 
of occurrence in the Cambrian is similar to that of Eozoon in the 
Laurentian. There are also found in the Laurentian limestones peculiar 
laminated forms which, though often referred to Eozoon, have thin 
continuous laminae, with porous spongy matter between, like cryptozoum 
or loftusia. It is not, of course, yet known whether these are distinct 
structures or peculiar forms of Eozoon. Such structures, perhaps, 
suggested to Mr. Julian his objection to the animal nature of the fossil. 
In the American Association in 1884, he Suggested that the structure of 
this fossil might be due to the alternation of mineral matter in layers, 
formed in the passage beds, between concretions and other mineral 
masses and their enclosing matrix. But in contradiction to this there is 
to be noticed: (1) Laminated passage rocks and laminated concretionary 
rocks have only simple laminæ, whereas Eozoo.i has connected or 
reticulated laminæ. (2) Laminated passage rocks have no structure 
other than crystalline. Eozoon has beautiful tubulations in the calcareous 
walls, besides tubes or oscula. (3) The mineralizing agent may be 
pyroxene, serpentine, loganite, dolomite, or mere earthy limestones. It is 
impossible that all these minerals should assume the same forms, etc.
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At Grenville and other places the Chazy formation contains many 
phosphatic nodules ; these hold fragments of lingulæ, such as also occur 
in the surrounding beds. These nodules also contain grains of sand, and 
when heated emit an odor of ammonia. These are regarded by Sir 
William Logan and Dr. Sterry Hunt as coprolitic, and are said to consist 
of “ a paste of commuted fragments of lingulæ, evidently the food of the 
animals from which the coprolites were derived.” (Geology of Canada, 
p. 125.) It has been brought forward that these animals may have been 
some of the larger species of trilobites. In the Cambrian and lower 
Silurian rocks of Canada, phosphatic deposits occur in many 
localities, though they are not large enough to compete with the rich 
Laurentian beds. If, then, we agree with Sterry Hunt that the iron ores of
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the Laurentian are of organic origin, “the apatite which occurs in them 
may quite reasonably be supposed to be of the same character with the 
phosphatic matter which contaminates the fossiliferous iron ores of the 
Silurian and Devonian, and which is manifestly derived from the included 
organic remains. If we consider the evidence of Eozoon sufficient to 
establish the organic origin, in part at least, of the Laurentian limestones, 
we may suppose the disseminated crystals of apatite to represent coprolitic 
masses, or the débris of phosphatic shells and crusts, the structure of which 
may have been obliterated by concretionary action and metamorphism.” 
Further, the presence of graphite together with the apatite in both cases is 
probably not accidental, but may depend in both on the association of 
carbonaceous organisms, vegetable or animal. This is strengthened by the 
presence of phosphatic shells in great abundance during the primordial 
age.
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The Laurentian apatite nearly always contains a trace of calcium 
fluoride, which salt also occurs in bones, especially fossil bones. No 
organic remains have been found in the lowest part of the Laurentian, and 
these beds are also poor in phosphate. As has been already mentioned, 
Eozoon is most abundant in the Grenville band, and, likewise, the phos
phates are found in the overlying beds.

■ -

Graphite. The graphite of the Laurentian in Canada occurs both in 
beds and in veins, and it is evident that its origin and deposition are contem
poraneous with the containing rock. Dr. Hunt has concluded that there 
had been a Laurentian vegetation upon chemical grounds alone ; Dana 
upon various grounds ; and Dawson insisted, as early as i860, upon the 
probability of the existence of some of the lower forms of plants. The 
quantity of graphite in the Laurentian is enormous. In Buckingham, in 
strata 600 feet thick, there is at least 30 feet of pure graphite. It may
be said that the quantity of carbon in the Laurentian is equal to that in 
similar areas of the carboniferous system, and it may also be assumed, 
without much fear of contradiction, that in this age, and in those 
geological periods with whose organic remains we are most familiar, 
there is no other source of unoxidized carbon in rocks than that 
furnished by organic matter, and that this has obtained its carbon in the 
first instance from the deoxidation of carbonic acid by living plants. 
That graphite is found with organic limestones, beds of iron ore, and 
metallic sulphides, greatly strengthens the probability of its vegetable 
origin.
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EOZOON AS A FORAMINIFER.

In the “Microscopeand its Revelations,” Dr. Carpenter, the eminent 
authority upon foraminifera, makes some interesting statements in regard 
to Eozoon. He states that although the animal nature of it has been 
called in question, on the ground that some resemblance to its supposed 
organic structure is presented by bodies of purely mineral origin 
(Professors Rowney and King), yet it has been accepted not only by 
most of those whose knowledge of foraminiferal structure gives weight to 
their judgment, but also by geologists who have specially studied the 
micro-mineralogical structure of the older metamorphic rocks—amongst 
the former the late Professor Max Schulze, and amongst the latter Profes
sor Geikie, of Edinburgh, and Professor Bonney, of Cambridge and 
London. Whilst essentially belonging to the nummuline group, in virtue 
of the fine tubulation of the shelly layers forming the “ proper wall ” of its 
chambers, Eozoon is related to various modern types of foraminifera. It 
agrees with polytrema in its indeterminate zoophytic mode of growth ; it 
resembles Carpentaria in its incomplete separation of its chambers ; in the 
calcarina it is closely resembled by the high development of the “ inter
mediate skeleton ” and of the “ canal system." The succession of the 
calcareous layers one above the other resembles the stories of a house ; 
while the chambers on each floor usually open into each other, like 
apartments en suite, but occasionally being divided by complete septa. 
These septa are traversed by passages of communication between the 
chambers which they separate, as stolons connecting the segments of the 
sarcode body.

Each layer of shell consists of two finely tubulated or “ nummuline ” 
laminæ, which form the boundaries of the chambers above and 
beneath, acting as the ceiling of one and floor of the other ; and of a 
deposit between the boundaries of homogeneous shell, which is 
termed the “intermediate skeleton.” The tubuli of the “nummuline 
layer” are usually filled (as in nummulites) by infiltration of mineral 
matter, so that in transparent sections they have a fibrous appearance, but 
fortunately it so happens that in some cases they have not been infiltrated, 
and the tubulation is as distinct as it is even in recent nummuline shells, 
hav:ng quite a resemblance in its waviness to the crab’s claw. The “inter
mediate skeleton ” is sometimes traversed by larger openings, which 
establish connections between the different layers of chambers ; it is 
also pierced by aborescent systems of canals, which are often so 
extensively and minutely distributed through the structure as to occupy
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nearly all the space. These canals arise from irregular laminæ, or inter
spaces between the outside of the proper chamber walls and the “interme- 
ute skeleton,’ as in calcarina, the sarcode body which filled them having 
»een formed by the coalescence of the pseudopodial filaments passing 

though the ubuli. Not only the chambers in Eozoon are filled with 
siliceous infiltration, which takes the place of the original sircode body 
but even the very smallest of the canal ramifications are filled with it 
I Ins is found to be the exact state of things in the green sand of Ehren- 
berg, the Challenger collection, and modern foraminifera studied by such 
as Carpenter, Parker, and Rupert-Jones. '

U hen we subject a piece of this fossil to the action of dilute acid its 
calcareous portion is dissolved away, leaving an “internal cast” of its 
chambers and canal system, which, though dissimilar in arrangement, has 
its analogies in textularia, rotalia, and polystomella. The cast thus
of rr C ?a,m ,rS 3nd Cana,S is simP|y a "'«del in hard serpentine
h elf into y tiCh 0rigina"y filled these sPaces- and extended
.self into he minue ramifying canals of the calcareous shell; and, like

‘ PO ys romella, it afWs an even more satisfactory elucidation of
o the H " k ParTtS than WC C0U,d have gained from the examination 
of living subject. In spaces between the layers of serpentine which
were migmady occupied by the calcareous shell, we see the “internal 

of the branching canal system, which give the exact models of the 
extensions of the sarcode body. In specimens where the nummuline 
layer constituting the “ proper wall ” of the chambers was originally well 
preserved, that layer is represented by a thin white film covering the 
exposed surface of the segments. When this layer is studied with a 
sufficient magnifying power, it seems that it consists of extremely minute 
need e like fibres of serpentine, which sometimes stand upright parallel 
and almost in contact, like the fibres of asbestos. Now, these fibres, which
are less than of an inch in diameter, are the internal casts of the
tubule of the nummuline layer.
siliceous fibres represent those pseudopodial threads of sarcode 
formerly filled the minutely tubular walls of the chamber.

The change which is observed, from the regular lamellae to the 
acervuhne is common with many foraminifera, an irregular grouping 
ogether of the chambers being frequently found in the later growth of 

types, whose earlier growth was of a much more regular system. In a 
quite recent specimen which has been discovered, it seems that each 
successive story of chambers was limited by the closing in of the shelly 
layers at its edges, such as to give the whole mass much the appearance
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of a straightened peneroplis. Thus, from a comparison with recent 
foraminifera, it appears that the only peculiarity of Eozoon lay in its 
indefinite extension, so that the product of a single germ might attain to 
the magnitude of a massive coral. This, it will he noted, is simply due to 
the fact that its increase by gemmation takes place “continuously”; the 
newer segments simply successively budding off and remaining in connec
tion with the original stock, instead of detaching themselves from it as in 
foraminifera generally. Thus the little globigerina forms a shell, in 
which sixteen is the limit to the number of chambers, any above this 
detaching themselves and becoming independent, but by the repetition 
of this multiplication the sea bottom of large areas of the Atlantic ocean 
has become covered with accumulations of globigerina, which, if fossilized, 
would form beds of limestone not less massive than those whose origin 
was the Eozoon growth. The difference between the two may be com
pared in their mode of increase to the difference between a plant and a 
tree.
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SUMMARY BY DR. DAWSON, LL.D., F.R.S., F.G.S., ETC.

1. Eozoon occurs in masses in limestone rock«, just as stromatoporæ 
occur in the paleozoic limestone.

2. While sometimes in confluent and shapeless sheets or masses, 
it is, when in small or limited individuals, found to assume a regular 
rounded, cylindrical, or, more frequently, broadly turbinate form.

3. Microscopically, it presents a regular lamination, the laminæ being 
confluent at intervals, so as to form a network in the transverse section. 
The laminæ have tuberculated surfaces, or casts of such tuberculated 
surfaces, giving an acervuline appearance to those laminæ which are 
supposed casts of chambers.

4. The original calcareous laminæ are traversed by systems of 
branching canals, now filled with various mineral substances, and in some 
places coarse and in many others becoming a fine tubulated wall. The 
typical form of these canals is cylindrical, but they are often flattened in 
the larger stems.

5. In some specimens, large vertical tubes or oscula may be seen to 
penetrate the mass.'

6. On the sides of such tubes, and on the external surface, the 
laminæ subdivide and become confluent, forming a species of porous 
epidermal layer or theca.

7. Fragments of Eozoon are found forming layers in the limestone, 
showing that it was being broken up when the limestones were in process 
of deposition.
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8. I he great extent and regularity of the limestones show that they 
were of marine origin, and they contain graphite, apatite, and obscure 
organic (?) fragments other than Eozoon.

9- The specimens of Eozoon have lieen folded and faulted with the 
containing limestones, showing that they are not products of any sub
sequent segregation.

Hooks of reference for further information.
. “ 1 he Dawn of Life,” Sir J. William Dawson, LL.D., F.R.S., 

F.G S., etc.
2. “The Story of the Earth and Man,” 1873.
3. “Geology of Canada,” pp. 48-49. Sir W. E. Ixigan, LL.D., 

F.R.S., F.G.S.
4. “The Microscope and Revelation,” W. B. Carpenter, C.B., M.D., 

LLD., F.R.S., F.G.S., F.L.S., etc.
5' “Notes on Specimens,” Peter Redpath Museum, McGill College. 

Sir J. W. Dawson, F.R.S., etc.

Toronto, Jan. 11, 1895.
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DISCUSSION

Prof. A. P. Coleman. —This paper is a very interesting and suitable 
taking up a question which all Canadians should know something of. 

However, it presents only one side of the question, U, the side of Sir 
Wm. Dawson and Dr. Carpenter. Most European geologists do 
believe Eozoon was

one,

not
an animal, but hold the opinion, as do many 

American geologists, that it is of purely mineral origin. On the whole, 
the prevalent feeling of geologists is against the organic origin of the 
Eozoon Canadense. It would be well if some one would present the
other side of the question.

Mr. A. T. Tye.—In reply to a letter to Sir Wm. Dawson, asking his 
opinion as to the animal nature of the Eozoon, I have received 
from him, of which the following is an extract :

". . . . Zittel gives it (the Eozoon) a place in Volume I. of his 
‘ Palæontologie,' although not definitely committing himself to it, and 
Carpenter, Parker, Rupert-Jones, Brady, Gumhel, Max Schulze, Reup, 
Hochitetter, and, in fact, all our best authorities on foraminiferal fossils, 
have accepted it.
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“ In this country I may mention Logan, Hunt, and Matthews, the 
principal opponents having been King, Rooney, and Mobius. As to the 
rank and file of geologists, not one in twenty has sufficient knowledge of 
fossil foraminifera and of the mode of preservation and microscopic 
examination in altered rocks to form an independent opinion, and they 
therefore follow authority as it appears more or less strong to them.

“ I see that Gregory, of the British Museum, recently published a paper 
in the Dublin Transactions on some products of Mt. Vesuvius, which he 
compares to liozoon. I have not yet seen the paper; but from what I 
learn, I believe the resemblance is merely accidental.

“ I have no fear of the ultimate acceptance of Eozoon as a fossil, but 
at the present it labors under the disadvantage of lack of appreciative 
students, and of being isolated from the Canadian fauna. The 
discoveries in Brittany and elsewhere are tending to fill ihe gap.”
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ON THE USE OF ASPHALTUM IN ENGINEERING 
CONSTRUCTION

Ar
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Frank N. Speller, B.A.Sc.

Historical Sketch.—The ancient historian, Herodotus,* in his 
description of the construction of the fortifications of Babylon, says that 
“ When they had made a certain number of bricks they baked them in 
kiln, then using boiling bitumen as mortar, and inserting mats of woven 
reeds between every thirtieth copise of brick they built, first the borders of 
the moat, and next the wall itself in the same way.” The remains of these 
works and many other vast structures have been uncovered and studied, 
but, owing to the inferior quality of much of their brickwork, many of 
these noble monuments have entirely disappeared, and no doubt those 
which remain to us owe a large part of their preservation to the bituminous 
cement with which they were built, which appears to be as good to-day 
when laid over 3,000 years ago.

1 he former inhabitants of Chaldiea occupied a region of country 
about the Lower Euphrates, where very little stone or other natural building 
material was to be found, and, consequently they were forced to depend 
entirely on the manufacture of bricks for their building material. All the 
great structures in this country, of whose colossal size and grandeur 
history tells, and whose remains corroborate the tale, were constructed of 
these brick.

The bricks were of two kinds, baked and unbaked, the latter being 
invariably protected by the former, which were of excellent quality, and 
for this reason were always selected where extra strength was required.

The two cements in use as mortar in this district were stiff clay and 
bitumen, the former being chiefly used with unbaked bricks, while with 
the more durable form of brick, and in the more important parts of the 
structure, bitumen was prevalent.
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USE OF ASPHALTUM IN ENGINEERING CONSTRUCTION. '5i

The bitumen so frequently mentioned in ancient records 
cement is a natural asphaltum, obtained chiefly from Mesopotamia, 
where to-day springs are to be found, notably, at Hit, yielding a copious 
supply of maltha. As is usually the case in such regions, springs of crude 
petroleum are also found to some extent, and records exist to show that 
this was used, where found necessary, in the manufacture of asphaltic- 
cement.

as a

RING

Amopg the ancient monarchies whose far-reaching influence centred 
in this district, in nearly every case we find the use of asphaltum to be 
characteristic of iheir civilization, although Assyria forms a notable excep
tion in this regard, for, so far as is known, these people scarcely 
availed themselves of this resource so near at hand.

as a mortar, bitumen was employed to prevent damp in 
floors, a very common form of pavement being one of baked brick 
imbedded in bitumen. On removing the débris from these floors, and 
taking up the large brick slabs, they are seen to be covered with inscrip
tions, the impression of which is seen to be accurately preserved in the 
bitumen when the brick is removed.

Another favorite use was in making concrete, which with them 
sisted of broken brick and asphaltic cement.

The above will suffice to give us an idea of the importance of this 
material at that time, and when we read of the palaces of Babylon, the 
hanging gardens and immense walls of that city, we must admit that they 
made good use of their resources.

Much of what has been said above might be repeated with regard to 
the ancient inhabitants of the southern part of our continent, the abori
gines of California and Mexico, who applied the natural asphaltum found 
in such abundance in their country in building, in the manufacture and 
repair of domestic utensils, in weapons of war, in rendering their 
water-tight, and in many other ways, as necessity and ingenuity suggested.
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engineering construction is not a new departure, but the revival of what 
is, perhaps, a long lost art, which has already laid the foundation for 
great industry in our country.

It is with the object of setting forward the possibilities of this 
material, the peculiar properties which it possesses, and the manner and 
extent to which these properties have been taken advantage of so far by 
the engineer, that this paper is written.
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USK OF ASPHALTUM IN KNGINKKRINO CONSTRUCTION.

In order to gather some idea of the value of asphalt 
in engineering work, it occurred to me to carry on a series of experiments 
to determine the adhesive and cohesive strength of this material, and to 
ascertain if in this way a practical test of the quality of an asphalt could 
he deduced, and, further, to, investigate how the conditions under which 
the material was tested affected the results obtained.

The method chosen as being the most feasible and practical 
somewhat similar to that used in determining the tensile sttength of 
Portland cement. By selecting broken briquettes of the latter and 
cementing them together again with the asphalt to he tested, it was found 
that this material adhered to the Portland cement with great tenacity, and, 
as a rule, broke across itself with a clean fracture, providing, of course, that 
the Portland cement was sufficiently strong not to break of itself.

The difficulty found in obtaining a uniform quality of the necessary 
broken briquettes led to experiments in the use of brass or copper cast 
to the pattern of a Portland cement briquette cut in half. These 
very carefully finished, to ensure an even bearing surface, but the ends to 
which the asphalt was intcndctl to adhere were left rough, as cast, to give 
it a better hold.

I his was a marked improvement, and gave more concordant results, 
when properly manipulated, which were also a little higher than those 
obtained with the former appliances. In most cases, especially where the 
tensile strength is high, the layer of cement, which should be not less than 
i'll of an inch thick, breaks clean across itself ; while if the cement be weak, 
it will partially or wltolly pull away from the metal, leaving the latter with 
a clean surface. In this case the adhesion is less than the cohesion.

Most of the testing previously attempted in this line, so far as I have 
learned since starting these experiments over a year ago, consisted of 
attempts to mould the surface mixture of the asphalt pavement into 
briquettes while hot ; this was subjected to a certain pressure, cooled, and 
broken in one of the standard testing machines, 
generally within the following limits

Asphaltic cement...............
Limestone dust...................
Sand....................................
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The results obtained by this method have not been very satisfactory, 
owing to the numerous varying conditions, such as the temperature, 
pressure, proportions of ingredients, etc., which affect the accuracy of 
the results.
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employed, and, so far, it has been found impossible to attain the 
degree of density in the laboratory as is obtained on the street, owing to 
the peculiar efficiency of the heavy steam roller in this regard.

The method of testing the cement pent, as first described, has been 
carried on in the city engineer's laboratory of this city for some time, and 
I think that this simplifies and brings the experiment within the limits of 
a practical test of some value, which may, when better understood, retain 
the same relation to asphalt and other bituminous cements as the tensile 
strength test does to Portland cement.
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To get satisfactory results, certain precautions must be taken in 
melting the asphalt and in heating the metals before putting the briquette 
together. The metals are best warmed by placing them in water at about 

50° F., and leaving them there until they are heated throughout. 
Meanwhile, the asphalt is warmed and melted in a suitable vessel, 
being taken to bring it to a convenient state of liquid viscosity without 
overheating at any point. The metals are dried and quickly dipped 
into the melted asphalt, then stuck together, placed securely in position, 
and allowed to cool slowly to the temperature selected for breaking.

The testing is conveniently done on a Fairbanks’ machine, the stress 
being applied by shot falling at a uniform rate.

*1
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The uniform applica
tion of the stressât a certain standard rate is a necessity to reliable testing, 
and is automatically obtained in a simple manner with the Fairbanks 
machine, but with a little practice the Riehle machine may be made 
equally useful in this regard.
which I have been able to get on the Fairbanks machine is 
pounds per minute, which has been used throughout these experiments ; 
it is two and a half times the standard rate adopted in the Portland 
cement tensile strength test.

The highest rate of application of stress
1,000on.
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The following are a few characteristic results collected 
from a large number of experiments :

Refined Asphalt.
“ Land ” quality 
Standard Lake

as averages

Tensile strength.* 
330 pds. per sq. inch.
S»8 «< ■“ Lake ” (Series No. 15), at a temp, of 60e F. 460 

“ Like” (Series No. 15), at a temp, of 710 F. 430
“ Lake ” (Series No. 21) ........................
“ Lake” (Series No. 14), good quality .. 525
Bermudez, at 
Californian

a

u

460 u

sfactory, 
jerature, 
:uracy of 
pressure

a
at 58° F. 330 
at 40° F. 250

it

(i

• These „ures are copied from the records in the books of the C 
laboratory, w h the permission of H. D. Ellis, Esq., Roadway Engineer.

i



tv

i -

i

t

154 USE OF ASPHALTUM IN ENGINEERING CONSTRUCTION.

It will be observed that the Trinidad asphalts give a much higher 
result than the purer varieties ( Bermudez and Californian), although in each 
case the per cent, of bitumen petrolene is about equal, favoring the latter 
slightly. This apparent irregularity led to a question.

It has been stated that, the adhesion of the asphalt to the metal is in 
nearly every case greater than the cohesion of the material in itself. • This is 
a physical fact which may be demonstrated in regard to the adhesion of 
liquids and solids generally, and asphalt may be considered as a liquid, 
compared with the brass with which it is in contact. This led to the 
theory that the excess of fine inorganic matter * in the Trinidad asphalt 
(see analysis on page n) brought into play this superior adhesive power 
possessed by the bitumen.

few of 
in natt

Ii
ordinal
asphalt

To test this the following experiment was arranged : the Californian 
asphalt above mentioned was

A
taken, finely ground and mixed with 

kieselguhr—a very absorptive siliceous earth—the mixture having the 
proportions :

to be e
R

tensile
iBitumen......................

Kieselguhr .................
Other inorganic matter

B70.4 per cent.
251

differei 
above 
and, b; 
strengt 
of « lal 
identic

«4-5
The organic matter non-bituminous was too small to be noticed. 
The effect of this addition of mineral matter was to raise the breaking 

strength from 250 to 333 pounds per square inch ; the material, however, 
partly pulled away from the metal, otherwise much higher results might be 
expected. Further experiments will be made soon, as this has opened up 
a very important field of research.

Tempe
3
5This points to the conclusion that the fine mineral matter is an

advantage to the asphalt for certain purposes. I am not stating that the 
inorganic matter of the Trinidad asphalt is particularly advantageous, it is 
combined with too much organic matter and clay to be so ; but may we 
not infer that the fine clean microscopic siliceous matter is a distinct 
advantage, and a thing to be provided, if possible artificially, when found 
wanting ?

6
7

As
inferior 
two hig

AtWhere dealing with Trinidad asphalt alone, the tensile strength 
affords us a ready means of comparison. A case in point is selected, a

test pure va 
in Trin 
contain 
containThis mineral matter appears, when all organic matter has been removed, as a 

reddish-brown impalpable powder, consisting of finely divided fragments of minerals 
chiefly Quartz mixed with a little clay. It is so intimately mixed with the bitumen 
almost form an integral part of the same.
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few of the physical properties being added to further show the difference 
in nature of the asphalts. The “ land ” is evidently the least desirable.

“ Land ”
197° F.
2300 F.

'55
:h higher 
;h in each 
the latter

“Lake” 
178° F. 
188° F.

îetal is in 
:• This is 
hesion of 

1 a liquid, 
ed to the 
1 asphalt 
ve power

Softens at...............
Flows at.................
Percentage of flow 
Tensile strength ..

32 100
S'8 pds. per sq. in.

In dealing with refined Trinidad asphalts the temperature within 
ordinary limits has little effect on the results, especially the harder the 
asphalt becomes ; this is illustrated in example, Series No. 15 above.

Another example is cited to show the ordinary degree of concordance 
to be expected between results obtained with the same material.

Refined lake asphalt on Riehle machine, temperature of test 65 ’ F., 
tensile strength 520, 525, 540 pounds per square inch.

By obtaining cements of the same degree of penetration, made from 
different asphalts, it is easy, by following a course such as that outlined 
above for refined asphalt, to make a quick comparison of their strength ; 
and, by varying the temperature, we get an idea of the variation of the 
strength with the temperature. As an example, the case of two cements 
of lake and “land asphalts is selected, the penetrations being almost 
identical (6o° and 56° respectively)

33'

ilifornian 
ced with 
ing the

t.

ed.
ireaking 
lowever, 
(light be 
ened up

:

Temperature of Test. 
349 Fah.
57° “
68» “

78» “

“ Lake.”
450 pds. per sq. in. 
368

“ Land.”
395 pds. per sq. in.

<t310:r is an 
that the 
us, it is 
may we 
distinct 
i found

2'5 <»2'5
182 182 11

As the figures are averages, and the “ lake ” cement of a rather 
inferior quality, this may account for the equivalence of the results for the 
two higher temperatures.

An attempt was made to compare Bermudez asphalt (an exceptionally 
pure variety from Venezuela, South America) with that from the “lake ” 
in Trinidad. Two Bermudez cements were made in the laboratory. No. 1 
contained 100 refined asphalt to n of oil; penetration, 87®. 
contained 100 refined asphalt to 9 of oil, penetration, 71°.

A Trinidad lake cement of penetration 71° was used for comparison 
with No. 2 Bermudez, the average results being as follows :

;th test 
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No. 2
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Bermudez, No. 2.
430 pds. per sq. in.

Temperature. 
35° Fah. 
55° “
64° “
68° “

Trinidad.
468 pds. per sq. in.

greater 
cement 
yield bi 
is inval 
limited, 
importa 
experin 
what a 
and its 
plasticii 
certain 
briefly <

325 3°9
270 <t253(t*57

As far as this test indicates, they seem to be on a par, although it 
must be remembered that the Bermudez cement is nearly pure bitumen, 
while the Trinidad contains about 30 per cent, inorganic mineral 
besides far more residuum oil than is present in the former.

As an example of a “ lake cement ” of good quality, tested in this 
manner, the following will serve. Penetration, 8o°.

212

matter,

Temperature. Tensile strength.
........... 477 pJs. per sq. in.35° Fall 

40.5° “ 

5°° “

Sti
<( before 

Paving,’ 
in regar 
now bet 
the spat 
to say t 
industry 
tremend 
proporti 
been la 
importai 
Trinidac 
statistics 
paving ii

400
298 U

As the temperature rises'above 55"-do0 the strength of the cement 
rapidly diminishes as the cement gets softer, and it becomes more 
difficult to get good results ; therefore, it appears to be of more advantage 
to break the briquette below 50° Fah., this being easily attained by 
immersing the briquette in water of the desired temperature for fifteen 
minutes previous to breaking.

It may be premature at this stage to specify any standard, but, from 
a consideration of from 200 to 303 experiments made during the past 
year, it appears to me that a “lake asphalt cement ” should (if the pene
tration is between 7o°-8o<?) have a tensile strength, at 35® Fah., of over 
450 pounds per square inch, and, at 50° Fah., at least 300 pounds per 
square inch, the experiments being made on a cross-section of at least one 
square inch, and with a rate of application of stress of 1,000 pounds per 
minute.* Trinic

Aspha
Aspha

Coal tar, and other products of destructive distillation of like nature, 
often have a tensile strength of 300-400 pounds per square inch at first, 
but are distinguished by generally diminishing in strength very rapidly 
when allowed to stand, especially when in water.

In considering this part of the subject, the nature of the material with 
which we are dealing must not be overlooked. It is not such a substance 
as iron, wood, or even Portland cement, which will withstand

Th<
date was 
Berlin.

a stress of Th(
of the t 
would rc

* The briquettes should be alio ed to stand 
before breaking. twenty-four hours after being made up,
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greater or less degree without yielding, for in the case of an asphaltic 
cement, although it may appear quite hard and brittle, yet it will always 
yield before even a slight stress continuously applied ; .therefore, while it 
is invaluable for certain purposes as a cement, yet its field of utility is 
limited, but nevertheless well defined. From this it will be seen how 
important the regulation of the rate of application of stress is in making 
experiments, and for this reason the above figures are necessarily some
what arbitrary. However, they sufficiently illustrate the fact that asphalt 
and its products possess a wonderful degree of strength, combined with 
plasticity and absolute impermeability, which eminently fits them for 
certain important uses in engineering construction, a few of which will be 
briefly described.

*57
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in. Street Paving.—In a paper which I had the honor to present 
before this Society last year on the subject of “ Asphalt and Asphalt 
Paving,” a brief history and outline of the industry was given. The facts 
in regard to the widespread and general popularity of this pavement 
now better known, and it will, therefore, be unnecessary, even if we had 
the space, to give it more than a passing glance in this paper. Suffice it 
to say that in the short interval of twenty-five years, since this infant 
industry was first started on this continent, it has increased with such 
tremendous strides as now to employ millions of dollars of capital and a 
proportionate amount of skilled labor ; and asphalt pavements have 
been laid in ninety-two cities of this continent, requiring 
importation of 70,000 tons of asphaltum per annum from the island of 
Trinidad alone, to say nothing of the native material in use. The latest 
statistics, up to January 1st, 1894, show the total amount of asphalt 
paving in America up to that date

aree cement 
les more 
idvantage 
lined by 
or fifteen

now 
an average

but, from 
the past 
he pene- 
, of over 
inds per 
east one 
inds per

as :
Sq. yds. Miles. 

13,900,000 911 
151,000 10
619,000 41

Trinidad asphalt..........................................................
Asphaltic limestone...................................................
Asphaltic sandstone and other asphaltic materials.e nature, 

1 at first, 
' rapidly 14,670,000 962

The total area of asphalt pavement laid in Europe up to the 
date was 2,323,413 square yards, or 151 miles, over half of which is in 
Berlin.

same:rial with 
ubstance 
stress of I'he subject of asphalt paving is so extensive that a mere outline 

of the technology and laboratory testing in connection with this work 
would require a few articles to itself, so we will pass on to some of thosemade up,
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uses of asphaltum in engineering works which, while valuable, are 
as familiar as the asphalt pavement, of which we are being constantly 
reminded in the new beauty lent to those of our cities in which this 
pavement has gained prominence.

not (2
from tl

T
which

0
Reservoir Lining.—During the last few years much of the lining 

of reservoirs on this continent has been done with asphalt, by the 
recommendation of some of the most eminent American engineers, and 
the results are such as to encourage its continued use.

asphalt

Tiie peculiar xrf asphalt especially adapts it for this work, 
where strength, elasticity, and imperviousness to water are required ; and 
in lining new embankments, where some settlement is to be feared which 
would be fatal to a concrete lining, the asphalt lining will, if properly 
laid, adapt itself to such changes in the foundation without injury. Nor 
is the ease with which this lining may be repaired an advantage to be 
overlooked, as new material may be made to unite perfectly with the old 
wherever a patch may be required.
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To ensure a good, firm, and uniform foundation, the earth should be 
well rolled with a five-ton steam roller. The rolling of the slopes is 
accomplished by means of a heavy roller manipulated by a cable and drum 
connected with an engine on the bank, the whole being carried 
truck, which may be moved around the reservoir on a track of ten-foot 
gauge laid on the bank for this purpose.

on a

Bitun

Inorg
Orgar

In order to prevent dry earth from the slopes rolling down and mix
ing with the asphalt when being laid, it has been recommended that the 
surface of the slopes be covered with a layer of cement of lime and sand 
mortar, one-half to one inch thick, which, when dry, presents a clean and 
even surface for the laying of the asphalt lining.

The lining is best laid in three coats, consisting of a layer of asphaltic 
cement, one-quarter to one-eighth inch thick ; on this is placed the body 
of the lining, which is a mixture of asphaltic cement and sand, the cement 
amounting to about 16 per cent., this layer being about one and a 
half inches thick when compressed -, finally, a dressing of asphaltic cement 
is applied to the surface similar to the first layer.

To get an intelligent view of this matter, it will be necessary to discuss 
in brief the various kinds of asphalt on the market. These may divided 
into two classes, and the three most important examples which we have 
are :
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from(thatBstaTeUdeZ ^ VenezUeIa’ S‘A'> and California asphalt,

The first asphalt is well known in connection with street paving, to 
which it has proved itself to be well adapted. ^ 8
asphalt*1wil”* how I “ refi"cd T""“ '«ke

Bitumen

Inorganic matter............................
Organic matter (non-bituminous)

Nearly all “ land ” asphalt is of very much inferior quality to this and 
should be guarded agains,. Al,hough this asphalt has Lu L sùcLsll 
iu street pa»mg yet the pe, cent. of bitumen is too low to make it desirable 
m works exposed constantly to water, the high per cent, of organic matter 
other than bitumen, being also a disadvantage on the same account.
... Thesec°nd class of asphalts mentioned above are distinguished by 
their purity. This does not give them any advantage-so far as is known 
at the present time-over Trinidad asphalt in paving, but they are to be 
preferred and sought after for such work as reservoir lining. The follow- 
ing characteristic analyses speak for themselves :

Bitumen |j total bitumen

Inorganic matter..................................
Organic matter (non-bituminous)....

CONSTRUCTION. *59

20.90 per cent. 
34-85 

38.25 
7.60 “

Bermudez. Californian.

. .96.09 per cent. Per cent.
61.46 “

5-79
1. 2.49

100.00 99-47
va,J,he Ca!i!bmian a;phalt has been largely used, and is particularly 
valuable in this regard, as it is as good as any asphalt at present on the
market, and being mined in the country, is the cheapest, selling at $15 per 

of refined material at the refinery in California, although, in Toronto, 
it would cost $30 per ton, which is, however, still considerably below any 
other at our present scale of prices.

California also produces a natural asphaltic oil or maltha which dis- 
so ves the asphalt and forms the most efficient fluxing material known ; the 
objection to the residuum oil in general use in the east being that it does 
not dissolve the asphalt, but merely forms a mechanical mixture, which is

in the ,aboratory in
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also hard to make perfectly, owing to the great difference in specific gravity 
of the two ingredients. }

I he plant in which the material is prepared for work is shown in the 
Plate, although for any extensive piece of work two or three kettles and as 
many sand drums would be necessary. The refined asphalt, which has 
been previously weighed, is placed in the cement tank, and the fluxing 
material (residuum oil or maltha) is added, preferably hot, until the 
proportion is arrived at which is most desirable for the work in hand. This 
must be varied with the circumstances and the object for which the cement 
is required. 1 hus in the case of our reservoir lining 15-18 per cent, by 
weight of fluxing material would be used for the cement in the second 
layer, while this proportion would be decreased for the final

I

coat. The
exact proportions, however, can only be fixed after an examination of the 
asphalt and oil in the laboratory. The bottom of the tank is protected 
against the direct action of the heat by a brick arch, the products of 
combustion being finally allowed to go around the tank before going up 
the flue. Agitation is provided by either direct mechanical means, as with 
paddles, or by means of compressed air escaping through a cast iron per
forated pipe running along the bottom of the tank. The latter device is 
ve.-y satisfactory, for while it keeps up a thorough agitation the air escaping 
at the bottom of the tank helps to keep the contents from becoming unduly 
heated there, thus injuring the material. It has been objected to this 
method that the air may have a deteriorative effect on the asphalt by oxi
dizing the petrolene, but no fears need be entertained in this regard if the 
temperature does not rise above 325° F., and 300 degrees is quite enough 
for all ordinary conditions.

The preparation of the sand is next to be considered. In quality, 
it should be clean and free from all dirt. A considerable gradation in size 
is a desideratum, and if the sand does not contain 10 per cent, of fine, 
clean mineral matter, passing through a sieve of 100 meshes to the linear’ 
inch, this should be provided by substituting 10-15 per cent, of finely 
ground limestone for a part of the sand. The sand is raised by belt 
elevators, and dropped into the inclined revolving drums, in which it is 
dried. On coming out through a sieve of 10 meshes to the inch attached 
to the end of the drum to separate the large material it is elevated again 
to the mixing floor, where it should arrive at a temperature of 300° F. On 
this floor stands the mixer, a pug-mill with two horizontal shafts, to which 
are attached radiating blades, which work in and out among one another, 
producing a most thorough mixture. A conveyer running along an overhead 
track carries the sand (about 730 pounds) to the mixer, into which it is
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dumped. A similar vessel holding about 140 pounds of cement is run 
from the cement tank, and the cement is skilfully dumped into the mixer 

top of the sand. In one and one-quarter to one and one half minutes 
the mixing is completed, and by pulling a lever the sliding bottom is thrown 
back and the charge falls into the wagon waiting below, 
processes are similar to those in preparing the asphalt paving mixture, 
in which work the plant is fitted up with every convenience to facilitate 
the work and provide a large output in a short time. If an asphalt paving 
plant is available within two or three miles of the work, all the better ; but, 
if not, a temporary plant may be cheaply rigged out, consisting of a mixer, 
two melting tanks, one or more sand driers, and a portable engine, to which 
the mixer and sand drums are geared. This will do the work in a satis
factory manner.

It is needless to point out that the most careful watch should be kept 
all stages of the operation in the plant by some person thoroughly 

familiar with the technology of the subject. A laboratory for testing is an 
important adjunct to the plant, where systematic records of the work are 
prepared from tests made there. The consistency of the asphaltic 
may be controlled to a nicety by a liberal use of the penetration machine.

To proceed with the practical construction of the reservoir lining. The 
first layer of cement has been poured on and ironed with hot smoothing 
irons. On this the mixture above described is placed ; this should not 
arrive on the site of the work with a temperature below 250° F., and it is 
a critical operation laying it with the temperature of the air below 450 F., 
as the material cools on the surface before sufficient compression can be 
applied. The work is carried on in strips 10 feet wide, the material being 
raked out, rolled with hot rollers, and then ironed as above, and finished 
with the steam roller where possible. Rows of anchor spikes (made of 
pieces of scrap iron 1" x x 7") are driven in at one-foot intervals 
through the warm material to bind it to the slope, each alternate spike 
being driven in flush with the surface, the others being left to support 
planks to enable the men to ascend to the work above. When the finish
ing coat of asphaltic cement is to be applied all remaining spikes are driven 
in, and any dirt which may have fallen on the surface is swept off. The 
cement is poured over the surface and well ironed into the layer underneath. 
When finished, this surface should present a bright glossy appearance, and be 
from one-eighth to one-quarter inch thick and of the consistency of leather. 
The cost of this lining depends largely on the situation in which the work 
is done, but should be between $1.00 and $1.25 per square yard.
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If the soil contains water, this must be got rid of by suitable drainage, 
or it will seriously impede the progress of the work. A very ingenious 
method of removing this water is that devised by Mr. James D. Schuyler, 
M.Am. Soc. C.E., who has constructed a number of reservoir linings in 
this manner in the Western States; it consists in cutting deep drains as 
far up the slopes on both sides as any water is to be found, filling them 
with broken stones to a depth of one foot, and then covering with boards 
and filling up with earth again. These drains converge to wells in the 
bottom of the reservoir, in which sections of twelve-inch cast-iron pipes 
are inserted, with the bel! end turned upward. These were kept bailed 
out while the work was in progress, the asphalt being brought up around 
each, and a tight connection made by means of the cement. When the 
work was completed, cast-iron tops were fitted to these pipes, in the centre 
of which was a flap valve about two inches in diameter of leather, weighed 
down by a disc of iron sufficient to sustain a pressure of a few ounces 
from the water confined in the well. By this means it is evident that the 
asphalt lining will not have to (Sustain any material stress because of the 
subsoil water when the reservoir is empty, and no leakage can take place 
when the pressure of the water in the reservoir exceeds that of the water 
underneath.

A method of lining reservoirs with an asphaltic concrete has been 
described* which, although resembling the above in principle, might be 
mentioned. The mixture consisted of twenty-five parts clean sand, seventy- 
five of gravel, and ten of asphaltic cement, the operations being carried 

as usual, except that the concrete was tamped and then rolled with hot 
rollers. The thickness of this lining was on the bottom three and one- 
half inches, running down to two and one-half inches near the top of the 
slopes, the total cost being $1.15 per square yard.

An account of the magnificent system of waterworks which have been 
just completed for the city of Portland, Oregon, has recently come under 
my notice, and, as asphaltum played a very important part in the 
construction of the reservoirs, it might be interesting to give an outline of 
this work, and the manner in which the asphalt was used, as it is some
what unique.

The water is led from the Bull Run River through a steel conduit 
(varying in diameter from .35" to 42") for twenty-four miles to the high 
service distributing reservoir at Mount Tabor, 400 feet above 'and six 
miles from the city. 1 he system also includes three other reservoirs, two
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“‘Asphaltum in Irrigation Works,” by Mr. Purcell, in Trans. Inst. C.E., Vol. 90.
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USE OF ASPHALTUM IN ENGINEERING CONSTRUCTION. l6j

of which are located in the city parks, the combined capacity of all these 
reservoirs being 68,000,000 gallons. The head works at the Bull Run 
River are at an elevation of 710 feet above the level of the Willamette 
River at Portland. The surplus energy of the water due to this fall is 
utilized for the generation of electricity for lighting purposes.

' Three of these reservoirs referred to are lined with concrete, 
strengthened with twisted iron bars, and finished with pure asphaltic 
cement, while the remaining one is lined with a double course of brick 
laid in asphaltum. The construction of the latter is especially interesting. 
Each brick before being laid is dipped in asphaltic cement made, as above 
described, with pure Californian asphalt and maltha. When the first course 
was finished the surface was given a good coat of cement, on which the 
next course of brick was laid in the opposite direction, the surface being 
finished off with a final coat of asphaltic cement.

This reservoir has a capacity of 22,000,000 gallons, the slopes being 
one and a half to one. As an instance of the strength and quality of this 
lining the following case is instructive. A large boulder had been left in one 
of the slopes. As the surrounding earth had not been sufficiently com
pressed settlement occurred to the extent of eight inches about the stone, 
without, however, causing the least fracture, the lining being still perfectly 
tight.
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All gate houses and water chambers in connection with this system 
are lined with asphaltum.

The extensive and elaborate nature of these works may be inferred 
when we consider that the estimated cost of the system complete amounted 
to $3,518,896. Mr. fames D. Schuyler, previously referred to, who is one 
of the most eminent of American hydraulic engineers, had charge of the 
work.
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Asphaltic Masonry.—Mr. W. C. Ambrose, M.Am. Soc. C.E.,* 
describes a very successful use of asphaltum in the construction of sea 
walls. The situation was on the Pacific coast, where a railway was built 
along the top of the bluffs facing the ocean for several miles. Owing to 
the unstable nature of the strata, the sea was gradually encroaching on the 
land, so that some method of protection against its force became imperative. 
Piling was impracticable on account of the bed rock, and the building of 
a concrete wall was beset with many difficulties, besides being expensive 
there. It was decided to build a wall of stone, cemented with asphaltum 
obtained from a mine in the locality.
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164 USE OF ASPHALTUM IN ENGINEERINGI CONSTRUCTION.

made six feet wide at the I ase, two feet wide at the top, 
and nine feet high the back being built vertical and close up against the 
c iff I he mode of construction was simple. A layer of stone was laid, then 

e ted asphalt was poured on, then another layer of stone was placed in 
position and more asphalt added to fill up all interstices and adhere to ihe
ayer below. The fact that no vibration is caused by shock in a wall like 

this may account for its
l or many years, the use of asphaltic concrete as a foundation for heavy 

machinery has become prevalent in Europe, as it has been found to solve 
the question of vibration simply and absolutely. This it does, owing to 
its plasticity and entire want of vibration under heavy shock, and, there- 
fore, in such cases, is very superior to ordinary concrete. The proportions 
adopted in a case of its application in New York as a foundation for heavy 
steam and drop hammers ’

The wall was
1
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1 otal quantity made at once, i.e., one batch, weighs 820 pounds.

1 he foundation is encased in 
and the material

Da wooden box, firmly braced with rods, 
deposited in layers four inches deep, each being 

firmly tamped before being covered by the next. With such a foundation, 
no shock can be felt in the adjacent buildings, with all the heavy 
machinery running right beside them.

In California, where the natural asphaltum is so abundant, it is further 
used m the foundations and walls of buildings. It has thus been used 
in uildmg some of the finest mansions in the state. The object for 
which it is applied is to prevent damp from rising in the walls from the 
subsoil ; a few ol the lower
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Minor Uses.—As, . preserver of piling in the sea against the teredo
and other such enemies, a coat of asphaltum is very efficient ; also it makes 
one of the best coatings for iron pipe, and is much used in this capacity 
m the numerous hydraulic works of California.

roofing material it is superior to coal tar, being more stable, and 
losing its lighter oils, and becoming brittle
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A few of the well-known uses to which asphaltum is put in the arts will 
be merely mentioned, the most important of these being: in electric 
insulation, in the manufacture of fine varnishes, in photography, photo
lithography, and photo engraving, in the lining of wooden flumes and 
vats, and in the protection of these from the action of chemicals.

Examples might be multiplied in which this invaluable 
whose possibilties are perhaps all too little known and 
engineers generally, has been made to fill a few of the 
of advance. The foregoing is intended 
uses to which this material has 
in such a form

material, 
understood by 

wants of this age 
simple digest of the principal 

been put, with the object of placing these 
as to give the members of this Society a comprehensive 

view of the part which asphalt may take in engineering construction.

‘or heavy 
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Toronto, Ont., Feb. 23, 1895.

DISCUSSION
ds.

Dr. Ellis.—When Mr. Speller began to work at asphalt, he found 
very little help from the published works of other chemists. Mr. Speller 
has done much careful painstaking work in this difficult field. The 
question what relation there is between the chemical composition and 
the physical properties of asphalt is one of great interest, but one of which 
next to nothing is known ; indeed, our knowledge of the chemical 
position of asphalt is of the vaguest.

Mr. Speller s work will help to solve these very interesting problems 
in applied chemistry.
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Mr. C. H. Mitchell.—I consider Mr. Speller’s paper on asphaltum 
of great value, particularly at this stage of its success as a matertial of 
engineering. True, the paper suggests mere possibilities, and does not 
pretend to do more than present a synopsis of the valuable uses to which 
me material can be put. VVe have been so apt to consider the use of 
asphalt to be relegated to only one department—that of paving—that the 
suggestions in Mr. Speller’s outline have appeared quite novel. This has 
been caused for the most part, perhaps, through ignorance of the nature of 
the substance.
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166 USE OF ASPHALTUM IN engineering construction.

The result obtained in the tests which the author has 
certainly interesting. I had always been of the opinion, 
acquaintance with asphalt, that in
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cement must, of course, be manufactured for the particular conditions of 
temperature which it is required to stand, 
being applicable for every place and situation.

The elasticity doubtless decreases with the temperature, but it will be 
observed that the tensile strength increases at the 
limit to this increase has

one formula or penetrationno I
time, although the

success of the sea wall described in the above^ A CUn°US faCt0r m the 

that although, when the tide

same
not

paper seems to have been
rays of a California sun, which™ 

asphaK yet when the water returned and strength was required .he very 
would-be destroy,ng agent supplied this resistance by cooling the wall 
As to the contraction, the difficulties in obtaining the rate of the 
obvous, owing to the tendency of the material to flow.
Clifford Richardson, U.S. Government chemist and expert in asphalt, in 
his laboratory at Washington, conducting experiments to this end with 
cylinders of asphalt eight inches long, and after taking every known pre
caution, and making numerous experiments, the results were small but 
discordant, some actually showing an expansion on cooling, which of 
course, means that the figures obtained were unreliable, and also that’the 
rate of expansion is probably low. It is highly desirable that the co-efficient 
of expansion should be determined, and I intend trying an indirect method 
for the solution of this problem by careful determinations of th 
gravity (by the bottle) at different temperatures.
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HIthe subject of reservoir lining is exceedingly 
meagre ,n quantity. A paper by Mr. Schuyler, in Transactions of The 
American Society of Civil Engineers, Vol. xxvii., 1892, is the only thing I 
know of in that line. A large part of the information which I have 
endeavored to embody in the above imperfect attempt has been obtained 
by persona! correspondence. As the Portland system of waterworks, to 
wh,ch I have briefly referred, is only just finished, we have heard little 
about it in the engineeringp apers so far, and I desire to express my thanks to 
Mr. J. S. Jackson, contractor for the asphalt work there, for 
account of the work, with which he was kind enough to furnish

One of the advantages of the asphalt lining, as I understand, is that 
it is perfectly sanitary, and imparts no taste to the

With regard to the last question of Mr. Mitchell, I would say that 
when the tests referred to were started no knowledge of any similar line 
of work was to hand, and from diligent inquiries since I find that very little 
seems to have been done in that line, which is surprising, as it seems to be a 
natural and practical mode of test. In order to draw out some information
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on the matter, the writer published a short account of his work in the 
Paving and Municipal Engineering Journal (November, 1894), and 
received, as a result, considerable correspondence on the matter of an 
inquiring nature. The only account of previous experiments was from a 
gentleman who recently had made such, using a breaking cross section of 
one-eighth square inch, applying the stress as quickly as possible, and 
who was surprised to obtain results twice as great as those given above.

It is needless to point out that standard uniform methods must be 
adhered to in this matter, or the results will be practically useless, except, 
perhaps, to the person making them.
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HARDENING AND TEMPERING STEEL

E. F. ShiiiR, ’96.

In presenting this paper to the Society, it is accessary to state that 
this is not a discussion of the subject in its broadest sense, but rather a 
view from the standpoint of a workman engaged in practical shop work.

In dealing with iron, in its various forms, there are no other two 
properties of such value as those steel alone possesses, namely, hardening 
and tempering, which enable us to work different materials into 
desired shape, and a knowledge of the best methods of getting good 
tools from steel is a very important part of an engineer’s education.

The terms, hardening and tempering, are used to describe the two 
principal operations in preparing steel for tools, closely connected with 
which are forging and annealing, the character and quality of the work 
often depending quite as much on the care given the steel before being 
hardened and tempered as upon the last-mentioned operations.

In forging steel that is afterwards to be tempered, it is not sufficient 
to hammer away until the required shape is secured, for in hardening 
there will be considerable straining in the steel, which must not be made 
greater by poor forging.

The grain in steel, or, at least, the line along which it flows easiest, 
is always lengthwise of the bar, and should be kept, as nearly as possible, 
straight, or in even curves, and not violently driven to one side at a sharp 
angle.
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In giving a new shape to a piece of steel, it should be driven gradually 
into the desired shape, and the flow of the metal aided by proper ham-
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170 HARDENING AND TEMPERING STEEL,

muring ; for example, in bending a sharp comer, as in Fig. I., the hot 
steel is laid on the anvil, and the outer half forced down into its position 
by striking on the end only, the fibres of the steel being stretched at the 
outside, or compressed at the inside, the inside fibres, however, being 
cooled by contact with the anvil, the outside ones are compelled to 
stretch beyond their limit, and small cracks will be formed or started, 
which will rapidly develop when the piece is hardened. To pre
vent this straining of the steel, the hammer should be used on top 
and around the corner, by this 
stretching them by the blows in the direction they are to assume. These 
blows should be evenly distributed over the surface, and during the time 
the heavier blows are’bending the piece around.

If the piece be flat, and it is desired to have it square in the
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work on the sides should alternate with that on the bend, and, when the 
piece is finished, the metal will appear somewhat rounded at the 
in Fig. II., the lines passing around in curves instead of making angles.
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i Butt-ending or stoving—that is, striking a bar on the end to enlarge 
it—is a common but very poor way of treating steel that is afterwards to be 
tempered. There is little chance to keep the fibres compacted, and the 
chief part of the work falls on the centre, which becomes more dense than 
the remainder. Such treatment, if carried to any extent, almost invariably 
produces cracks or checks all around the end, as in Fig. III., and makes a 
piece it is impossible to harden without cracking.
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All pieces that are forged should receive practically the 

ment all over, in order that the density, which is increased by hammering, 
may be as uniform as possible. As a piece gets cooler on the anvil, the 
blows should get lighter, for when the steel is hot it is easily forced to’flow 
from under the hammer, but, as it gets cooler, it resists this action, and the
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stock as nearly square as practical, so that the effect of the blows wiM be 
even throughout the piece.

t
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During the process of forging, great care should be used 
heat the steel too hot.
inpurities from the fire, and,

so as not to
Above a bright red heat, steel readily takes up

entirely worthies for cutting tc^tS'i^

where steel has been •• burned," as such overheating is called in the shop, 
the only safe plan is to cut off all that is injured.

No matter how carefully steel may have been forged 
certain strains in parts, and some places will be harder than others from 
contact with the cold anvil. To modify these conditions and make the 
piece more easily worked, it is generally annealed or softened, which is 
done by heating to a good red heat, covering with lime, ashes, or char- 
< oa , and allowing it to cool slowly. If heated hot enough, any strains 
that may have been caused by the hammering will have a chance to adjust
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If the piece be small and of a regular shape, a very good and quick
l' ;m !S ‘° Waf anneal” This is done by quenching the steel in water 
after it has cooled from bright red until it just shows 
This method leaves the steel in 
nicely with a file.
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iAfter forging and annealing, nearly all tools, except the simpler ones 
such as chisels and lathe tools, are machined to the proper shape before 
being tempered. Where it is possible, it is best to temper just.... 
leaves the hammer, for the outer surface is close-grained from the 
it has received, and the tool will do better 
be ground away.

Owing to the many grades of steel, it is difficult to 
the processes used to harden them ; but in general, for cc 
all that is required is that it be heated 
cooled. Of course, there

as the work 
working 
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describe exactly 
common tool steel, 

a good red and then suddenly 
many ways of accomplishing this, varying 

rom heavy armor plate heated in reverberatory furnaces and chilled in 
immense shower baths down to the small drills used 
which are heated in the flame of 
the air.
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We may divide the work of hardening and tempering in the ordinary 
shop into three classes :
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172 HARDENING AND TEMPERING STEEL.

First, such tools as are hardened for only a part of their length, and 
the temper drawn by using the heat that remains in the rest of the tool. 
In this class are cold chisels, flat drills, lathe tools, etc.

to bt 
the c 
cuttii 
the t< 
sharp 
short

Second, tools that are hardened all over, and tempered by applying 
heat from some outside source. In this class are milling cutters, reamers, 
twist drills, and dies for many kinds of work, as well as springs of various 
sorts.

The third class includes tools, dies, and parts of machines that 
required to be as hard as water will make them, and in which the temper is 
not drawn at all, or else at the same time as the hardening.

I he first class contains the greater part of the work in tempering done 
in the ordinary shop, and every mechanic should know the various ways 
of doing it properly.

Having first seen that the piece or tool is in the desired shape, the 
next thing is to heat it to a good red heat. This will vary in different 
classes of steel, but should never be more than just enough to harden in 
the particular quenching fluid it is intended to use. It is best to use a 
charcoal fire, but, where this cannot be had, a coal fire, well burned down 
and clean, may be used. The addition of a handful of 
keep the work free from scale, and aid in obtaining uniform results, 
article should be drawn from the fire
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as soon as it is uniformly heated over 
the part it is desired to temper, as longer exposure to the fire give 
opportunity for injurious elements to combine with the steel. In heating 
a tool having a light point and a heavy body, as ordinary cold chisels or 
lathe tools, it is best to place the point well through the fire and heat the 
body of the tool first, then draw in until the point is at the required tempera
ture. After heating properly, if the piece is to be hardened, it is drawn from

fluid which will cool it suddenly.
In the choice of quenching fluids there is much difference of opinion 

amongst those engaged in this kind of work ; but clear, cold salt water will 
harden about as hard as any fluid except mercury, which, of course, is 
to be had in the average shop.

Different workmen advocate the addition of various substances to the 
aid in hardening, but the general utility of these is open to 

question, since equally good results are obtained with clear water. For 
some work oil is used, its effect not being so marked as that of water, 
and work is less liable to crack, which is also often prevented by cooling 
in hot water.

In dipping a tool, suitable tongs should be provided, so that it may 
be held securely in any desired position, and that part of the tool which is
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HARDENING AND TEMPERING STEEL. !73
to he the cutting edge should strike the 
the common class of bench

water first. I here refer only to 
or ,athe tools having a comparatively short 

cu ting edge. Only as much should be hardened as will be used before 
the tool must be redressed, and, to prevent the line of hardening being 
sharply marked, the tool should be drawn in and out of the water for a 
short distance while it is cooling.

Pra7cc al°"e can determine just how long to cool the hardened part, 
but ,tw,l be found best to cool so that the heat left in the body of the 
tool w,II be but httle above that necessary to draw the required color, 
for the piece w,l be tougher if this be drawn slowly instead of rapidly 
and the colors will occupy a wider space and give one a better chance to 

the exact temper required.secure

After dipping a tool to harden it, it is roughly brightened on the 
hardened part by rubbing with a piece of stone or emery cloth, which 
makes a bright clean surface, where the colors are easily distinguished from 
each other These colors, as they appear on steel as it is heated, serve to 
indicate the temperature rather than the hardness, for they will show 
piece of polished iron as well as on hardened steel. We, therefore, must 
make sure that the too] was hardened before we attempt to draw the 
temper, or the tool will be worthless, so far as cutting qualities are 
concerned, although of the proper color. If quite hard and clean, steel 
has a mottled-gray appearance as it is taken from the hardening bath, 
but, if at all in doubt, it is best to try if an old file will cut it. If it will 
not, the piece is hard, and the drawing of the temper may be completed.

I he colors, as they appear on hardened steel, change from light straw 
to dark straw, brown, purple, blue, blue tinged with green down to gray, 
when all the hardness has been practically removed. These colors aré 
sa.d to be caused by oxidation, and this being increased by heat, up to a 
certain point, we get the various colors. The fact is, however, of 
importance to us than the theory.

on a

more

In deciding upon any certain color for a tool, the work it is to do and 
the grade of steel used must be known by the operator to get the best 
results. It is best to use but one grade of steel for each class of tools— 
and this should be good grade—in order that the men may become

7' ;—----- ’ *v me particular temper best adapted
for the work it is to do. In general, a tool should be left as hard as 
possible, and still stand the work without crumbling. For most steel, a 
good straw color is used for ordinary work in cast or wrought iron while 
for working steel tools are left a light straw color.
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174 HARDENING AND TEMPERING STEEL.

In the case of thin tools, only the cutting edge should be hard, and 
the back or underside should be drawn W' 11 into purple or blue, in order 
that it may be tougher and more elastic. Cold chisels vary in color from 
dark-brown to blue, according to the work they are to do, and should be 
nearly uniform in color within about one-half inch of the end to allow 
for grinding.

Only by experience can one learn to have just the proper amount of 
heat in the body of the tool to do the drawing, although the heat may 
be easily increased by placing the tool over the fire or on a hot piece of 
metal. Very light work, in which the color is apt to run too rapidly, 
is best tempered by using a gas jet after hardening and polishing, by 
of which one may have ample time to check the cooling at the proper 
moment.
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11ij If In tempering tools of the second class—such as milling cutters, ream
ers, various sorts of dies, and the like—considerable difficulty is experienced 
in obtaining uniform results on account of the great variety of shapes.

Tools that are practically uniform in cross section as reamers or 
taps need to be evenly heated, which is best done by keeping them turning 
in the fire. They are dipped endwise to harden. After polishing, the 
temper may be drawn in melted lead, hot sand, or, very conveniently, in 
a piece of gas pipe kept hot in the forge fire, the progress of the work 
being easily noted in the last method, and it is convenient. The shanks 
of such tools are always drawn to a dark-blue, in order that they may 
not snap off under sudden strains. Long pieces of this class will spring, 
even under the most careful treatment, but may be straightened while at 
their tempering heat by placing between centres and applying pressure 
to the higher parts.

Milling cutters and pieces of similar shape are very liable to crack in 
hardening. If possible, avoid key seats in such tools, or, if they must be 
provided, have them round on the bottom, as this is not nearly so liable to 
crack as if square in the corners.

Tools of this class are often hardened in oil, the heat being just 
enough to insure their hardening. After polishing, they may be drawn 
in various ways, but a red-hot bar passed through the hole will give good 
results, and leave the centre soft and the tool less liable to crack than if 
of uniform hardness throughout.

Dies for cutting out various shapes often assume very complicated 
forms, and in the tempering of these will be found some very difficult work 
along this line. Owing to the peculiar shapes, great care is necessary in 
heating and dipping, so that unequal expansion or contraction may not
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hardening and tempering

work'onlv !thed f'" °" “C0"nt °r ""= ™ryi«g nature of this class of
»0,k, only a general summary of the points requiring care can be given

STEEL. *75
: hard, and 
e, in order 
color from 
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The selection of the steel is of first importance, and special brands 
made for such work should be used tk» r ,should he “ used- Ihe forgmg and first annealing
haw i,t a „ ri y. ' ’ ,Cr r°"6h dress’ng to neatly the desired

shape, is a good plan to anneal the second time. This will allow of any
readjustment that the removal of the outer surface may have allowed and
aids the operator m getting out work that is true and not badly warned.
with drvfire18!*0 ?a‘ Shape’ a" sharP corners or holes should be filled 
with dry fire-clay, which prevents access of water to one part more than
shouknV h y CaUSmg Unif0rm cooIing> prevents cracking. If there 
should be a heavy part to the die, this is usually dipped first, in order that 

may partly contract before the lighter parts are cooled.
Ihe springing of this class of work often causes 
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Fiu ’v ThCCe u U Curved jUSt the °PP°site way to that shown in 
fe- • IS will Show how needful is slow, even heating, and in this 

class of work great care is needed at every step.
Such tools or dies have usually only one cutting edge, and the writer 

has found the use of potassium cyanide (KCN) very beneficial, 
addition of a very little causes steel to become hard when chilled
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176 HARDENING AND TEMPERING STEEl.

comparatively low heat, and if the edges of a die be “flowed” over with KCN 
while at a low red heat it will spread over part in a glass-like film, and the 
die may be dipped at such a heat that it will harden only where the 
cyanide has been placed. The remainder of the die will remain soft 
this almost entirely evercomes the danger from cracking. The work is 

nearly so liable to be distorted, since the heat and consequent expansion 
and shrinkage are not so great as when hardened without this treatment.

After having succeeded in hardening this class of work, it is polished, 
and then generally placed on a heavy piece of red-hot plate with the 
cutting edge up. The progress of the drawing of the temper is easily 
observed along the sides or on the top, and when the proper color is 
reached they are usually quenched in oil.

After hardening steel rings, they are usually found to be somewhat 
larger on the outside than they were before heating, while the holes are 
smaller. This is probably due to the outside layers being chilled while 
held in their expanded shape by the metal in the inside.

Springs of many kinds 'have their temper drawn by a process called 
“ blazing,” a heavy oil being poured over them after hardening, and they 
are then held over the fire until this burns off. Experience, however, is the 
oniy guide in this kind of work, which varies very much.

In the third division we have made are included dies for stamping 
coins, medals, and similar work, special spindles, and wearing parts of 
machines, as well as special tools for cutting chilled iron or steel.

I he work done by dies in striking coin is very hard, and they are 
usually made of such a grade of steel as will allow of the dies being 
hardened without drawing the temper. In heating such work, the en
graved surface must not be allowed to scale in the least, the medal dies 
being heated in charcoal or lead.
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In hardening, they are first dipped for a moment in strong acid to 
thoroughly clean the face, and then placed in a stream of cold water, 
which strikes the face, such as that from a common water tap. 
Spindles and wearing surfaces are usually left large enough to be 
ground to size after hardening. Many different processes are used in 
doing this class of work, and scarcely two men will be found who use the 
same means for arriving at the same end. In making tools especially 
hard for cutting chilled iron, each workman or shop has some particu
lar formula, but the greater part depends on the quality of the steel 
used rather than on the quenching fluid.

In a few cases it is possible to harden and draw the temper at practi
cally one operation, or, in other words, harden to a less degree than the
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GEAR CUTTING X

II. V. Haight, ’96.

Before proceeding to consider gear cutting, it might be well to look 
at the different methods of making gear wheels.

Gears may be made in several ways :
(1) They may be cast with the teeth in them.
(2) They may be cast with mortises in them, into which the teeth are 

afterwards driven.
(3) The teeth may be càst on the gear, but finished by a machine.
(4) The teeth may be cut out of the solid.
Each of these methods has its advantages. When made in quantity, 

the gears with cast teeth are generally cheaper than those with teeth cut 
from the solid. I quote from the catalogue of Geo. B. Grant, a manufac
turer of both cut and cast gears : “Cast teeth are cheaper only for gears in 
considerable quantity, unless they are list gears, as special patterns must 
be made for special gears.” Cast teeth are usually stronger than cut ones, 
as the skin of the metal is the strongest part. Cast iron is the material 
generally used for cast gears, but those weighing less than half a pound 
can generally be made cheaper of brass. Where great strength is required, 
as in a punch or shear, the gears may be cast of mild steel.

In gears with inserted teeth, the teeth are often made of wood, and a 
gear with wooden teeth, meshing with one with iron teeth, will run with 
very little noise or friction. Such a pair is often used in mills or factories 
to connect lines of shafting. In a pair of gears like this the wooden teeth 
are often made a little thicker than the iron ones, in order that they may 
be of equal strength.

The third method referred to of making gears is that of casting them 
with the teeth in, and then finishing these with a machine. This method 
is only used, so far as I am aware, for heavy gearing, and would appear 
to be a good method for such, for in order to cut the teeth out of the 
solid it would be necessary to remove a large amount of metal.
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GEAR CUTTING. 179

Cut gears, by which is meant those with teeth cut out of the solid, 
are coming more and more into use all the time. Methods of making 
these have been so improved as to make them almost as cheap as cast 
ones. Cut gears have many advantages over cast, for the teeth are 
more nearly of the theoretical form, and the surfaces are much smoother; 
as a consequence, the teeth fit better and work with less friction. Another 
advantage is that they can be made of material which cannot be cast, 
such as forged steel, sheet brass, fibre or rawhide. The chief advantage 
of cut gears, however, is their greater accuracy, and in the trains of gearing 
in screw-cutting lathes, milling machines, clocks, etc., they have 
to be a necessity.

1

0>

come

In a screw-cutting lathe, for instance, if one gear is to run one-third as 
fast as the next one, it is not only necessary for it to have three times as 
many teeth, but at every instant the velocity of one must be three times 
that of the other. 1 his constant velocity ratio can best be obtained by 
the use of cut gears.
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Fig. 1 represents a gear-cutting machine of a somewhat common 
type. M is the mandrel upon which is placed the gear to be cut. Upon 
the same axis as M, and turning with it, is the worm wheel D of the divid
ing head, this head being for the purpose of dividing the circumference of 
the gear into parts, equal to the number of teeth required. It consists 
of the worm gear D, a worm in mesh with it and the change gears E, one
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Plate G can be turned by the"hlndlè,’ a^ca^tlckedtftè’rTac^ mo- 

lut.on by the pin F. By placing the proper change gears at E, we may 
get any number of teeth we wish in the gear H.
,h„ ™e ,eMh """■ ‘-l’ a 'W cutter N. The saddle R, upon which 

" sp,ndle ls mnunlcd' »orks in the horizontal slide T, lielow the 
gear, and is moved along this slide automatically by 
gears P. 1 a screw and the

fJrencJner th ‘ haS f°Ur threads Per ^h, and the circum-
ftrence of the plate C attached to A is divided into 250 parts, so that
one division on the plate corresponds to one-thousandth of an inch. This 
enables the gear to be adjusted vertically, so that the cut will be the 
depth required, which is very important, especially with cycloidal teeth.

In the machine described, the cutter is fed through the gear and 
s opped automatically, but it is necessary to pull back the slide and turn 
the indexing mechanism by hand. This type of machine is called half
automatic. The most improved machines are entirely automatic, requiring 

attention from the time the gear is put on the mandrel until it is ready
take'hllf "d ’tWh'Ch 'S,qUite an advantage> as a large gear may easily 
ake half a day to cut, and an entirely automatic machine would require 

no attention during that time. H
Fig 2 in a cut of an entirely aulomatic gear cutter, designed for 

cutting heavy spur gears only. I am indebted to Messrs. Gould &. 
Eberhardt for their kindness in sending me the cut.

1 he cutters used to cut the teeth have clearance behind the cutting 
edge, but the shape of a cross section along any radius is the same, which 

ables the teeth of the cutter to be sharpened on the face without chang- 
g their form. 1 he cutters are made in a special machine, which is said 

to give a theoretically correct form, that is to say the 
copy of the curve on some cam in the machine, which may itself be far 
from correct, but is generated by the motions of the machine.

I he system of cutters most in use is Brown & Sharpe’s, and as 
many other manufacturers of gears and cutters follow this system, it may 
be well to give a short description of it. First, let us note some of the gen
cldTVt îrnbmg gears- The curved outline of a tooth is often 
called its Profile. That part of the profile which is above the pitch line
T" ,th3t Part bel°W lhe Pitch line the flank. The whole of
he tooth above the pitch surface is called the point, that below it the
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GEAR CUTTING. 181

while the height of the tooth above the pitch line is called the addendum.
1 he size of gear teeth may be given in either circular 

pitch. Circular pitch (see Fig. 3) is the width of 
the pitch line, measured along the pitch Une (if

or diametral 
a tooth and a space at 

we measure in a straight

'^yvmTHor toot^width of spaceJ

few
it V / 

WYïVtmm ’pifcHAline*

[.M L-I J. Jwqrjiinc «rthYine

! WHOLE DEPTH UNE. CLEARANCE

»--CIRCULAR PITCH-------- R

Fig. 3

line, we get what is called chord pitch). Diametral pitch is the number of 
teeth to each inch of the pitch diameter, and is evidently equal to
3.1416 divided by the circular pitch (P = l±^). Note that the circular

pitch is given in inches, while the diametral pitch is an abstract number.
In Brown & Sharpe’s system of gearing, for cut gears, the adden

dum, or height above the pitch line, and the working depth below the 
pitch line (see Fig. 3), are each made equal to one inch divided by the dia
metral pitch, and the clearance at the bottom of the space ^ of the circu
lar pitch. Some manufacturers make the clearance TV of the working 
depth of the tooth, or about of the circular pitch. The width of the 
tooth at the pitch line is made equal to the width of the space at the pitch 
line.

In the Brown & Sharpe system the fewest number of teeth cut in 
gear (either involute or cycloidal form) is twelve, the other extreme, of 
course, being a rack. For involute gears the angle of pressure is 14^ 
degrees, and eight cutters of each pitch are required to cut a complete 
set of gears, from a twelve-tooth pinion to a rack. For cycloidal gears, 
the diameter of the describing circle is equal to the radius of the fifteen- 
tooth gear, twenty-four cutters being required for each pitch.

Gears with involute teeth are used to a greater extent than those with 
cycloidal teeth (the manufacturers call them cpicycloidal) for 

first, involute gears require fewer cutters ; second, they will 
different distances between centres and maintain a constant velocity ratio. 
In the change gears of a lathe, for instance, a pair of involute gears will 
run quite well when half out of mesh, while with a pair of cpicycloidal
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182 GEAR CUTTING.

gears in the same place there would be likely to be considerable noise, 
and the velocity ratio would vary. A disadvantage of involute gears 
is their tendency to crowd between centres, and for this reason the 
epicycloidal teeth are preferred for heavy gearing.

The following extract from a letter from a firm which manufactures 
gears may be of interest, as it shows methods in actual use by manufac
turers :

Supp
i.o4;
space

“ We have in our works both Brown & Sharpe and Gould & Eber- 
hardt machines. All our gears are cut with Brown & Sharpe patent 
involute cutters. We believe this form to be far preferable for general 
requirements, and, indeed, in our judgment, it is very doubtful if the epi
cycloidal form possesses any points of real advantage.

“ We measure the teeth on all gears with compound vernier calipers, 
especially constructed for gear teeth. These calipers enable us to measure 
the distance from the top of the tooth to the pitch line within one- 
thousandth of an inch, and at the same time to measure the exact thick
ness at the pitch line. All our gears are tested on spee d gear-testing 
machines. 1’he Spur gear-tester carries two studs which are exactly per
pendicular to the bed of the machine, and is provided with a vernier, 
which enables us to test the gears at exactly the correct centre distance.
1 he Bevel gear-tester is provided with two spindles exactly perpendicular 
to each other, and the central lines of these two spindles are in the same 
plane.
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“ Very truly yours,
“ Leland, Faulconer & Norton Co.”

Large gears and racks are often cut by some form of planing process.
Pig. 4 represents a shaper arranged for cutting racks. This shaper is 

a large one (16 in. stroke, 66 in. travel) of the style in which the work 
remains stationary, and the feeding is done by moving the saddle in which 
the ram works. The principal change necessary to arrange this machine for 
cutting racks was some method by which the saddle could be moved to a 
distance just equal to the pitch of the rack, after cutting each tooth. This 
was accomplished by putting an index plate A on an arbor of one of the 
feed gears. The plate is stationary, and in front of it is an index arm, which 
revolves with the gear, every revolution of which 
one-quarter of an inch. Near the edge of the plate is a row of 250 holes, 
thus one division on the plate corresponds to .001 of an inch. The two 

D and E of the spacer may be clamped together in any position, and 
thus save the trouble of counting the holes every time.
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GEAR CUTTING. 183
Let us note briefly the process of cutting a rack on this shaper

fT* * " pi«h corresponding ,0 this being
• 47 nches. This will take four complete turns of the ind 

spaces, so we set the two
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and the micrometer„ • u . . . . SCrew M at the back of the slide for a depth of
.719 'nches, which is the whole depth of a three-pitch tooth. We put into 
the tool post a rib tool, as wide as the bottom of the space, and cut a 
straight groove the depth of the tooth. The index arm is then turned by 

of the handle B through four revolutions and 47 spaces and another 
groove cut, and so on, until the whole rack is cut in this way • then 
remove the rib tool and put ,n a special tool (Fig. 5) the exact shape of
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GEAR CUTTING.184

In making these templates, and also in laying out pattern gears, the
This does not give the true curves, but at the 

produ< 
when I 
operat

curves are struck with a compass, 
it is probably as nearly correct as they could be drawn in any other way 
without special instruments.

Gears, also, may be planed out on a shaper, but not so readily as it is 
necessary to have some substitute for the dividing head of the gear cutter. 
There are, however, a number of gear planing machines made by different 
firms which are used chiefly for heavy gears and for bevel gears. It
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is usual, I believe, to cast the gears with the teeth in them and to finish 
the teeth in the machine ; for this reason the machines are called gear
dressing machines.

The following is a short description of one form of gear-dressing 
The dividing head and the mandrel for the gear are muchmachine :

similar to those in the ordinary gear cutter, while the slide for the tool block 
is at one side of the gear, about on a level with its axis, and is pivoted at 
a point in front and two or three feet from the gear. The other end of 
the slide rests on a cam or former, and as the slide is fed up towards the 
gear the cam gives the required curve to the tooth. By altering the 
distance between the cam and the pivot, the pitch can be changed. Some 
gear planers are provided with a circular saw, which can be put in place of 
the planer tooth for dressing the teeth of mortise gears.

One of the more difficult problems in gearing is that of cutting good 
bevel gears. These are usually made in pairs, and are intended to 
run with their axes at right angles and in the same plane ; they are the 
only kind listed in gear catalogues. Where a pair of bevel wheels are the 
same size, they are called mitre wheels. Fig. 7 shows a pair of bevel gears, 
N is called the bevel pinion, M the bevel gear, AB is the largest pitch 
diameter of the pinion, BC that of the gear, D is the face, O the apex of 
the two pitch cones AOB and BOC.

In bevel gears the teeth, instead of being on the surface of a cylinder, 
the surface of a cone, and if the teeth were theo-

L<

cutter.

c

cutter, 
the pat! 
the gear 
the pitci 
cutter aas in spur gears, are 

retically correct their elements, if produced, would meet at the apex of 
The curve of the tooth, though similar throughout its length, 

I do not think I can do better at

on
In

to half 
directior 
of the tc 
then brii 
cutter to 
again, 
now be t 
may not

this cone.
is not the same size or curvature, 
this point than to quote from Brown & Sharpe’s catalogue (p. 161, 1893)

« The curve of teeth in bevel gears, when correctly formed, changes 
constantly from one end of the tooth to the other. Therefore, bevel gears 
whose teeth are produced with a cutter of fixed curve are not theoretically 
correct, the cutter usually being of a curve that will make the large ends 
of the teeth the correct form, and of necessity leaves the curves too large
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cutter. The cutter is supposed to be central and the slide at zero ; that is 
the path C, of the centre of the cutter, is in the same plane as the axis of 
the gear, in which case neither side of the tooth is in line with the apex of 
the pitch cone. To get one side of the space true, we may either set the 
cutter a little to one side, or turn the slide through a small angle.

In the first method we move the cutter to one side a distance equal 
to half its thickness at the pitch line, revolve the gear in the same 
direction until the cutter just enters the former cut at the small end 
of the tooth, and then cut through. This makes side A (Fig. 9) true. We 
then bring cutter and gear back central and roll the gear and move the 
cutter to the left, the same as we did before to the right, and cut through 
again. Fig. 10 shows this cut completed. Both sides of the space will 
now be true, that is, in line with the apex of the pitch cone, but the 
may not be wide enough. The space should be at least

space 
as wide as the
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at the small ends of the teeth. Small bevel gearing is almost universally 
produced in this manner, which practically answers the 
when the teeth are purpose, except

very coarse or the gears very small, in which cases their 
operation is not satisfactory.

In place of cutting by changing the position of the 
teeth are often filed slightly to round them off to the 
their free running. On all bevel gears cut with

cutter, etc., the
curve required for 

a cutter of fixed curve it is 
necessary to cut through twice, owing to the necessity of making the thick
ness of the cutter at the pitch line about .005 inch thinner than the space 
between the teeth at the smallest pitch diameter. As the width of space 

between the teeth at the largest pitch diameter should be greater than the 
thickness of the cutter, it must be made so by passing the cutter through 
the second time.” b

Let us examine the usual method of cutting bevel gears with 
cutter, frig. 8 represents a bevel gear with

a rotary 
cut made through it by aone
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186 GEAR CUTTING.

If it is not, we may revolve the gear a little more, without movingtooth, 
the cutter over.

apex
apex
provIn some gear cutters it is inconvenient or impossible to set the cutter 

to bring the side of the cutter true, and in that case we may turn the 
slide through a small angle to bring one side of the cutter true. The gear 
is revolved as before.

In cutting bevel gears on a universal milling machine, either of the 
two methods may be used. The position of the cutter being fixed, how
ever, we move the gear, instead of the cutter, to one side, or turn it 
through an angle.

There is still another point. At what angle (vertically) shall the slide 
beset? The angle of the pitch cone (CO A, Fig. 11) is determined by
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the ratios of the two gears, the angle of the tops of the teeth, BOA, is 
a little greater than COA, and the angle of the bottoms of the teeth, 
DOA, is a little less than COA, by an amount which depends on the 
pitch of the teeth. The usual practice is to set the cutter to the angle 
of the bottom of the teeth, although machinists advocate setting the cutter 
at the angle of the pitch cone.* The reason is more apparent in the 
case of .cycloidal teeth, for, as the faces are usually convex and the 
flanks concave, the curve changing at the pitch line, if the cutter is the 
right curve for the large ends of the teeth, and is set at the angle of the 
bottoms of the teeth (EOA, Fig. ii), then the line where the curve 
changes will not be along the pitch cone (FO, Fig. ii), where it should 
be, but along the line FH. This would make the small end of the tooth 
very bad shape (see Fig. 12). If the cutter slide is set to the angle of the 
pitch cone, the bottom of the tooth will be along the line EM, which will 
make the tooth too deep at the small end, but it will be better shape than
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Bevel gears of coarse pitch are better if cut by some form of planing 
The gear-dressing machine before described is quite suitable for
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this purpose, as the centre at which the slide is pivoted can be set at the

* American Machinist, April, 1892.
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GEAR CUTTING.

apex Of the pitch cone, and every cut of the tool will then be in line with the 
apex of the p.tch cone, and the teeth will be the right curve throughout, 
provided the curve is correct at one place.

187
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Another subject in connection with gearing is that of

o,a rack/ndpi"io°
shows ,he similarity ,he LT“„d

sectinnVhWOnn, 15 tUmed 111 3 lathe' the dimensions of the threads (in
threld h m k 16 SamC aS th0Se of a rack- The tool for turning the worm
be 20 dt° tk'18 'If65 Straight’ and the anS'e between them should

the mtch l ] l W at thC P°int is about two-thirds the width at he p,tch line, and the corners are not rounded off as they are in a rack

worm gears. A

of the 
1, how- 
turn it

îe slide 
ned by

The worm gear is usually cut in 
The gear being hollow 
“ drop cut,”

a gear cutter and then “ hobbed.” 
the face, it is necessary to take what is called a 

„ , , , l'e''1 e cutter is brought under the centre of the gear and the

talM the rn TV t ThC CUtter’ °f C°UrSe> is set at an an8le (horizon.tally), the tangent of th.s angle being the pitch or lead of the worm thread 
divided by the circumference of the worm. The teeth made in this way

well6 7V, rea‘ 7llCal f°rm* but f0r ordinary Purposes they do quite 
’ U 0 glve 1 e teetb tbe exact form the gear must be “ hobbed.” 

he hob for any worm gear is almost exactly like the worm for that
than the rh 7 °fSteel haS longitudinal grooves, a little deeper 
than the threads, to give it cutting edges. To hob a worm gear, the hob
is put on a mandrel between the lathe centres, and the gear
vertical mandrel in the tool block, where it is free to turn on its man-

■ he hob is put in mesh with the gear and is revolved ; it turns the 
gear around, just as the worm would, and at the 
the teeth to the exact form required.

The teeth in the
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worm gear might be cut altogether by the hob • but 

geanreCUtterS arC S° arranged that the w°rm gears can be cut by the hob

unless there

» r s zzzzïz :;z'z ,hey
an angle across the face ; this is called a straight angular cut. The 
has very little bearing surface on a gear cut in this way, yet these 
are said to work quite well, and 
and hobbed worm
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worm 
gears

as they are much cheaper than drop-cut 
gears are used to a considerable extent for elevators.
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GEAR CUTTING.188

The worm and worm gear of the dividing head of a gear cutter 
made differently still. The worm thread is a sharp block V, and the worm 
gear is straight on the face, is drop-cut and not hobbed, as bobbing might 
affect the accuracy of the spacing.

Gears are sometimes made other shapes than circular, to give a vary
ing motion. For instance, a pair of elliptic gears may be used to give a 
quick return. A pair of irregularly shaped gears may be seen at work on 

of the large presses of the Methodist Book and Publishing Company 
of this city. Fig. 14 will give a rough idea of their shape , they are used 
to give a variable motion to a chain carrier which removes each paper as 
it is printed and lays it on the pile. I he paper is caught by the forward 
edge, is carried quickly through the air (to keep it nearly horizontal), and 
is laid gently on the pile.

A practical example of the time required to cut gears might be

are

I »
one

style, 
throi 
pipe 
weigl 
also I

interesting.
A certain street railway company cut their own motor gears. For 

the Edison motors which they use, the pinion has 15 teeth and the 
has 63 teeth, both three pitch, 6-inch face. The pinions are madegear

of steel, the gears sometimes of steel and sometimes of cast iron. It 
takes about three hours to cut a pinion, five hours to cut a cast-iron gear, 
and ten hours to cut a steel gear. The gear cutter is of the type called 
half-automatic, and is somewhat antiquated. The results are very good,

const
notic<

however, for this type of machine.
Compare this with the results obtained by the General Electric Com

pany at Schenectady. They have five automatic gear cutters similar to 
Fig. 2, use duplex cutters in them, and each machine cuts from 10 
to 13 cast-iron gears, 23-inch diameter, 4)^-inch face, 67 teeth, 3 pitch, in 

A little calculation will show that the metal to be removed 
in each of these gears is about four-fifths as much as in the 63-tooth gears 
before mentioned ; thus 10 to 13 of the 67-tooth gears would be equiva
lent to 8 to 10 of the 63-tooth gears, which is four or five times as many per 
day as the half-automatic machine could cut. As one man could probably 
attend to the five machines, he would cut from twenty to twenty-five 
times as many gears per day as the man with the half-automatic machine.

By methods such as these the cost of cut gears can be brought down 
nearly to that of cast gears.
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DESCRIPTION OF THE FINLAYSON MARINE 
PIPE BOILER

*

Arthur E. Blackwood, ’95.

ght be During the last few years water tube boilers (the reverse of the old 
style, wherein the water surrounded the tubes, and the heat passed 
through) have come prominently to the front. Experience has proved the 
pipe boilers to be economical of fuel, rapid steam generators, lighter in 
weight and smaller for equal capacity than any other boiler ; they have 
also been proved to be non-explosive under the highest pressure.

In view of the above facts, the writer will endeavor to explain the 
construction of the Finlayson marine boiler, which has 
notice during the past year.

The most important point to be considered in constructing water tube 
boilers is how to build them
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to get the water divided to as great an 
extent as possible, or, in other words, to get the greatest number of feet 
of pipe in the space. There is

so as

doubt that Mr. Finlayson had carefully
studied this point, as well as the action of heated particles in a liquid 
)efore designing his boiler, as he has embraced in its construction all 
the advantages of the drop tube boiler without its disadvantages.

He has provided for the ready escape of steam from the generating 
pipes by placing them in a vertical position, and so connecting them th«t 
their water supply is from the bottom , the advantage of this being 
having the water descending and steam ascending in the game tube.

The fronts and backs of water tube boilers, as generally used, are laid 
up with fire-brick to about three-quarters the height of the boiler, but it 
is claimed by Mr. Finlayson (and, in the writer’s opinion, very justly so) that 
the use of the brick ends is a mistake, for the following

I. The heat taken up by the fire-brick is absolutely wasted.
II. The fire-brick walls are just so much dead weight (which is an 

important consideration in some small boats).
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DESCRIPTION OF THE F1NLAYSON MARINE PIPE BOILER. I9I
III. A sudden jar against a pier in landing „ 

heavy sea will very often knock the brick wall into the furnace, and thus 
cause great liability to fire. On account of these objections to the fire
brick walls, and in order to utilize all the heat possible, as well as to secure

grea er water space, thus assuring a constant water level, the boiler under 
consideration is always built with the 
AA, Figs. I. and II.

or a sudden blow from

water front and back, as shown by

The front and back are similar in construction, the outer plates beini; 
each cut from a single sheet of steel A inch thick, and the inner or flanged 
plate from \ inch steel. The flanging is done by heating the plate red- 
hot to a distance in from the outer edge of about S or ,0 inches ; it is 

en placed on a flange h’o.k, and the required flange made by ham-

X

Fig. II
mering The inner plate is then drilled and riveted to the outer one 
stay bolts being placed at regular intervals throughout the water space • 
the object of these being to strengthen the plates, which would 
the stays not used, be forced further 
have to support.
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IQ2 DESCRIPTION OF THE F1NLAYSON MARINE PIPE BOILER.

After the front and back are built, they are fastened together by 
means of three horizontal steel pipes, which are threaded at both ends and 
screwed into flanges riveted on the inside sheets. One of these pipes, B, 
measures io inches in diameter, and the other two C, C, 4 inches in dia
meter. The 10-inch pipe is placed at the top and in the centre of the 
boiler, the other two being secured one at each side near the bottom, 
as shown in Fig. III.
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I he skeleton of the boiler being then complete, the steam-generating 
loops (D, D, Figs. II. and III.) are made and fitted. These loops consist 
of five vertical steel pipes connected together by malleable steel castings, 
manufactured specially for this work. The size of the pipe used in the 
loops varies according to the power of the boiler, although i-inch pipe 
is the average size used.

After the loops are made, they are tested to a water pressure of 400 
pounds per square inch before being placed in position in the boiler, the 
object in testing each of these parts separately being that a defective pipe 
can be much more easily removed and replaced by a good one before the 
loop is placed in position than it could be afterwards ; besides, caulking at 
the joints is required in nearly every case, and this could not be done were 
the loops in their final place. From thirty to forty of these steam-gener
ating loops are used in each boiler, that is, from fifteen to twenty on each 
side. They are fastened in place by means of vertical right and left hand 
nipples screwed into the lower side pipes, and by diagonal right and left 
hand nipples screwed into the 10-inch central pipe.

The next operation is the building and placing in position of the 
superheating coil. (E, E, Figs. I. and III.) This coil is made of 
larger size steel pipe than that used for the 
placed at the side of the boiler and 
of this coil is to catch any water that
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water
inspect
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generating pipes, and is 

very near the fire. The object 
may come over with the steam, 

should the boat containing the boiler happen to turn a little on to its side. 
This water would, of course, fall to the bottom of the coil, and, on 
account of its close proximity to the fire, be soon turned into steam, and 
then, rising to the top of the coil, pass off to the engine perfectly dry.

The steam is taken, by means of two bent pipes (F, F, Fig. II.), from 
as high a point as can be got, and, therefore, starts on its way to the 
engine as dry as it is possible to secure it at any point in the boiler. It 
then passes through the superheating coil, already described, and is fur
ther dried, so that finally it is received by the engines in a perfectly dry 
state. It will be noticed, then, that, on account of this coil, it is impos
sible for water to get into the engine by passing over with the steam.
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SEWAGE DISPOSAL IN ONTARIO
«

R. VV. Thomson, B.A.Sc.

The subject of sewage disposal is becoming of such universal inter
est that a short sketch of the influences at work and the results accom
plished in this direction in our own province may not be out of place 
here.

For years sanitarians in different parts of the civilized world, more 
particularly in Europe and America, have been wrestling with the prob
lem of “sewage disposal ” as applied to the requirements of their particu
lar country.

In a new country, where population is sparse and the accumulated 
wealth is not sufficient to warrant expenditure in the extravagances and 
refinements, or even the conveniences, of life, the question of sewage dis
posal is not forced upon the people ; but as soon as the population has 
reached a point of development into towns and cities, so soon do the 
ordinary laws of health demand artificial means for the removal of the 
offensive products of civilization from the immediate vicinity of such town 
or city, and in such a way that its disposal shall not interfere with the 
rights or privileges of any other place, or even any individual.

In the case of seaport cities the easiest and most economical method 
is, doubtless, to run the sewage directly to the water, trusting to the dilut
ing and purifying'power of this to render it harmless. Even in the case 
of inland cities situated on lakes or other large bodies of water this 
method is often the most expedient, if not the most sanitary. However, 
so eminent an authority as Col. Waring, writing on this subject, says 
“ So firmly do I believe it to be wrong to wash the organic wastes of our 
lives into the sea that I should hesitate even to recommend such a course 
were it not for the greater wrong of keeping them in a putrescible form in 
the vicinity of dwellings.”*
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*“ Sewerage and Land Drainage,” by Waring.
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SEWAGE DISPOSAL IN ONTARIO.
'V5

HrSr-“■===«—cial to the health of the community, no exception should he taken to 
h,s method of disposal. But these are not the conditions that obtain in 

the rnajomy of towns and cities in Ontario, which are situated on a river 
or odier small stream, the pollution of which means the contamination of
the stream Th' ’ °V °f 3 nuisance ,0- other places down
the rthT'f , T" ,nV°1VeS the tuestion of ‘he consideration of 
he rights of others, and to such an extent that we would expec t to find

leg, at,on hearing on the matter. As long ago as .888, the authority 
before quoted, writing m this connection, said : 
clear that legislative control of this 
there is no more intricate 
the sanitarian than the 
future.”

“ The indications are
matter cannot long be delayed, and 

interesting problem now presented to 
,r, . correct solution of this great question of the
1 his statement has been strongly supported by subsequent evi

dence in the way of costly litigation between municipalities and others 
Only a few months ago we had a case in point in Ontario, where the 
municipality of 1 eterborough issued an injunction to prevent the town 
emptying its sewage unpurified into the Otonabee 
have not yet decided the

or more

River. The courts
matter.

• At this date there is in Ontario no statute setting any direct restric-

serrarsi-rj- : stzzs
s ream, or mud puddle. I he power of regulating these details is vested 
m a Prov.nc.a! Board of Health by the following statute (sec. 30, ch. 2o5, 

•S.O., 1887) : Whenever the establishment of a public water supply or 
system of sewerage shall be contemplated by the council of any city 
town, or village, it shall be the duty of the said council to place itself in 
communication with the Provincial Board of Health, and to submit to the 
said board before their adoption all plans in connection with said system.

“ It shall be the duty of the Provincial Board of Health to report 
'hether, in its opinion, the said system is calculated to meet the sanitary 

requirements of the inhabitants of the said municipality, whether any 
o its provisions are likely to prove prejudicial to the health of any of the 
said inhabitants, together with any suggestion which it may deem 
advisable, and to cause copies of said report to be transmitted to the 
Minister of the department to which the said Provircial Board of Health
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196 SEWAGE DISPOSAL IN ONTARIO.

1is attached, and to the clerk of the municipal council, and to the secretary 
of the local board of health of the district interested.

“ No sewer or appliance for the ventilation of the same shall be 
constructed in violation of any of the principles laid down by the Provin
cial Board of Health, subject to appeal to the Lieutenant-Governor in. 
Council.”
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Since, then, all questions of sewage disposal are to be governed by 
principles laid down by the Provincial Poard of Health, it is well to know 
what those principles as now defined are. At a meeting of the Asso
ciation of Executive Health Officers of Ontario, held in Trenton, August 
20th, 1891, the report of a special committee on sewage disposal was 
adopted, which contains the following extracts relating to sewage dis
posal : “ That in all places having or constructing systems of sewerage it
is desirable that the sewage be delivered at its outfall separately from 
storm water, in order, among other reasons, that the economical and 
profitable utilization of it may be possible. Therefore, it is recommended 
that the separate system or the restricted separate system of sewerage be 
adopted whenever practicable.

“ That the most desirable method of disposing of sewage is by land 
irrigation wherever this is practicable. This method is especially impor
tant for cities and towns situated inland, or on such rivers and streams as 
are or may be used for public water supplies.

“ Inasmuch as it has at times been found necessary (especially in 
older countries where the land is expensive, and the best land for sewage 
farms is not always available) to concentrate the sewage, some method of 
precipitating the suspended organic portion of it has to be adopted.

“In every instance, however, where the town to which sewage 
disposal is applied is situated on a lake or river whose pollution may 
possibly affect a public water supply, it is found necessary with every 
precipitation method to cause the passage of the effluent from the precipi
tation works to a land area for filtration.”

The above defines very clearly the stand at present taken by the 
Provincial Board of Health, and it is probable the tendency will be to 
incline to greater strictness as the Province develops.

In France, Germany, England, and the United States, the purification- 
of sewage by application to land has been proved to be a success even in 
cases where the combined system of sewerage is in operation. There are 

. a few isolated cases where its opponents claim it has been a failure, but, 
if a failure at all, the failure has been due to carelessness in attendance, 
or else it has been a case of putting fertilization before purification. It is
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In one experiment the necessity for intermittent application was shown 
most conclusively. While acting intermittently the filter removed 99.2 per 
cent, of the sum of the ammonias in the sewage, but when kept continu
ously saturated the sum of the ammonias in the effluent gradually 
increased until they exceeded those in the sewage, some of those previously 
stored in the filter escaping. The sewage was then applied intermittently 
as before, when the nitrates in the effluent began to rise, until they 
exceeded the ammonias in the sewage by fifty per cent., the impurities 
collecting during the continuous filtration becoming nitrified. After three 
months the effluent was again purer than the average drinking water of the 
state. In each case the amount of sewage treated was the same, the 
difference in purification being entirely due to the different methods of 
treatment. In speaking of the purity of the effluent treated by intermittent 
filtration, the amount treated being from 117,000 gallons to 60,000 gallons 
per acre, the report says : “ We have found that the sum of the
ammonias which have been taken to indicate the amount of nitrogenous 
organic matter has been reduced to 0.5 of one per cent, of those in the 
sewage, and is less than the sum of the ammonias of most of the public 
drinking water supplies of the state.” One result of these experiments 
has been to bring the question of sewage purification more forcibly before 
the people, and to demonstrate, in response to the constantly increasing 
demand for some system of sewage purification, that the only practicable 
method where purification, and not simply classification is required, is to 
apply the sewage to land.

The stand taken by our Provincial Board of Health, together with the 
interest that is being aroused in local sanitarians, due to the imperative 
demand of our increasing population for some practical and economical 
method of sewage disposal, is being already felt.

We have at present only two filtration areas on any large scale in 
Ontario—one in connection with the Asylum for the Insane, London, and 
the other the Berlin sewage farm. Plans have also been prepared for a 
system at Waterloo, where the work is partly finished. Guelph and Galt 
are considering the putting in of sewerage systems, and will probably have 
filtration areas in connection. The system at the London Asylum was 
designed by Col. Waring, and is the Intermittent Downward filtration 
system. The sewage from the different buildings is collected in a large 
tank constructed of brick and lined with cement, having a capacity of 
rather more than 100,000 gallons. From the tank the sewage is pumped 
by a six-inch rotary pump to the filtration area, through an eight-inch spiral 
riveted steel pipe about 1,550 feet long. The filtration area comprises
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ter, when, on account of the beds having a fall away from the carrier, the 
sewage runs across the surface in channels.* During the past summer we 
have added new ends perfectly level.”

Mr. Bowman has kindly sent me a plan of the proposed works at Water
loo, accompanied by the following description : “ These beds are about 
200 x 132 feet, perfectly level, and separated by embankments formed 
from the top soil. Tile drains will run across the beds and only ten feet 
apart, and vary from three to four feet below the surface. This depth is 
not sufficient to give the best results, but is enough for partial purifica
tion, which is all that is required, as the stream receiving the effluent is 
not used as a water supply.”

The great objection to the adoption of sewage disposal by application 
to land in Ontario seems to be the idea that our climate is too severe in 
winter for the proper working of such a system, an objection more fancied 
than real, as the unqualified success of the plant at the London Asylum 
has demonstrated. The Berlin system must also be considered a success, 
since it is being followed by a, similar one at Waterloo. However, it is 
only by trial that the details of the system best adapted to the varying 
conditions of our climate can be discovered. There is no doubt that the 
success of the London farm is in part due to the exceptionally favorable 
nature of the soil, but there is also reason to believe that a great element 
in its successful working in the winter season is the fact that the sewage is 
collected in a large tank and then discharged over the filtration area before 
it has time to become very much lowered in temperature, the amount of 
heat in the liquid due to its temperature above the freezing point being 
sufficient to thaw the ground and admit of its uniform filtration through 
the soil, and, were this point in detail adhered to in all cases instead 
of letting the sewage dribble over the soil as it comes from the outlet, 
there would probably be less cause to think that our Ontario climate in 
winter is too severe for successful sewage disposal by land application.
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POWER SWITCHBOARD AND DYNAMO TENDING.

The ammeter C, for indicating current in the outside circuit, is of a very 
simple and effective type, and consists of a coil of very heavy insulated 
copper wire with a small armature connected to the index finger, which is
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pivoted at one end. The armature is pulled into the coil, a distance pro
portional to the current flowing, thus causing the index to move along a 
graduated scale.
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WORKING IN A DYNAMO.

This operation must be performed with considerable care, or trouble 
is sure to result. First, put in the single switch and let the dynamo run 
for a little while, when the test lamps will gradually grow brighter and 
brighter, the resistance in rheostat being regulated until lamps are of 

brilliancy, showing that machine is developing a proper EMF. »proper
Test this also with the double switch. If a fairly large spark is made 
when this switch is closed a little and then opened, the machine may 
be safely worked in, and the switch he completely closed. The 
voltage and current to be given by each machine are now regulated with 
the rheostat, care being taken that each dynamo has, at least, enough 
to do, otherwise it will stop giving current, and then, suddenly, a 
rent in the opposite direction will be produced, which is, of course, sure to
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dynamo running, tins would no, matter so much, but two are usually kept 
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TAKING OUT A DYNAMO

In taking a machine out of circuit gradually shift the load on to the 
other machines, and then, just when there is no current shown on the

d0Ubk "iKh *nd ‘laCl“ "gin,

U !f a" aC,Cidrl happens 10 any 0f the machines, and the others are not 
able to supply the whole demand for current, so that one of the outside
ireui s as to e opened, be very careful which circuit you do open For 

instance, if a machine supplying only a small amount of current has to be 
taken out, do not open an outside circuit, taking a lot of 
effect of this would be that the other machines 
work to do, and would therefore 
believe switches

current, as the 
would not have enough 

commence to drop out and reverse. I 
being made which open when less than. 

mount of current is being supplied, and this will, of course, obviate 
deal of the trouble referred to.

Above all things, keep your wits about you, and, if any accident 
happens, be prepared to act promptly, so as to remedy the trouble as well 
as possible. I found it a good habit, while the load 
of what I should do in case of accident, and
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CARE OF A DYNAMO.

Be sure always to keep the machines clean.
attended to the first thing in the morning, when all oil and dirt should be 
carefully wiped off the base and other parts, for although the oil itself is not 
so injurious, yet it holds dirt, copper dust, etc., which is very liable to pro- 
duce a short circuit. See that there is plenty of oil in the bearings and 

lat the commutator is bright and clean, occasionally lightly swabbing it 
with oil of a character depending upon the material of which the brushes 
are made, castor oil being the best for copper brushes, as it does not make 
the commutator sticky or

! k

'

gummy. Always keep the brushes perfectly

i 1
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clean, and if of copper clip them quite often, to keep a good edge on 
them. This edge should be bevelled at an angle of about 450.

The ordinary copper brush with which I had to do I shall now 
describe. It is usually made up of several thin sheets of copper placed 
together and folded in the middle, with a heavier piece over the top, the 
whole being then either soldered or riveted together. This makes a fairly 
flexible and springy brush, but it is very dirty, for the commutator, rubbing 
against it, wears the copper off and sends it flying in all directions, 
dirt has to be all cleaned off, and takes considerable time, as the dust gets 
into any corners or chinks in the machine, and has to be got out with 
bellows and brushes. Another disadvantage of this brush is that, if anything 
should happen to produce sparking, the layers of the brush get fused to
gether at the ends, necessitating clipping, which, besides taking consider
able time, is very wasteful. In a certain large lighting station it takes 
two men
whereas one man could easily do the work of cleaning the machines. On 
the whole, I think carbon brushes are much to be preferred.

Slipping of belts is often a great source of trouble, and is sometimes 
caused by oil getting on them. This may often be remedied by throwing a 
little powdered resin on to the slack side of the belt just at the pulley. A 
new style of belting is now being advertised which has grooves running 
lengthwise of the belt, which are supposed to allow the escape of air 
sufficient to overcome the air-cushion, and thus allow the belt to be run 
very slack, as well as relieving a good deal of strain on the bearings. This 
belting should be of great benefit if it fulfils all that its manufacturers claim 
for it.
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In concluding, I would say, never use sheet-iron oil cans. They are 
sure to cause trouble, and are very liable to get drawn in and caught in 
the armature when oiling the bearings, with results which I need not try 
to enumerate.
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DYNAMO DESIGN
1<è

E. B. Merrill, B.A., B.A.Sc.

The following paper is prepared in the hope that it may be a help to 
ose engineering students who for the first time propose to consider the 

subject of designing a generator or motor for a specific purpose. It was 
suggested by the difficulty I myself had at first in picking out a definite 
path to follow in tne labyrinth of principles and applications, of formulae 
and usages, of electrical and mechanical considerations 
the subject.

On

itimes 
ring a 
h A 
nning 
of air 
e run 

This 
claim

that appertain to

In the limits of this paper I cannot hope to give more than an out- 
me, but my attempt shall be to provide a framework which any one who 

wishes to go fully into the subject may fill out for himself. There are a 
good many works written specially on this subject to choose from, but most of
- n3J devoted to the design of particular machines, and would, there

fore, not give sufficient help to design one for any purpose. For the 
engmeering student Prof. S. P. Thompson’s work is of great value, while
World* à ^ t°niand Kennelly* and by VViener in the Electrical 
Ih whichT" SPeC1, menti0n’>e fo"ner on account of the clearness 
with which the principles are followed out in accordance with the most
recent modes of considering them, and the latter on account of the results 
of examination and tests of actual machines of many types embodied in
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In designing a dynamo, there 
a good deal of many variables for fixing which
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should begin, and whether he should settle one point before or after 
another.
decide these points—to select the best forms for a given purpose, and to 
know what allowances to make for points of secondary consideration, upon 
which points, however, the special' value of the machine mainly depends. 
We have to consider fundamental principles, but we have also to 
consider the way of applying them to produce the most economic result. 
There are, to borrow from chemistry, the qualitative and the quantitative 
divisions of the work.

Let us now run over briefly the theory of the generator and motor, 
and afterwards consider the procedure in design. And if I start at the 
very beginning, it is because I believe that we cannot emphasize too much 
the importance of carrying in mind the connections between the definitions 
and axioms of a subject and the main deductions that follow from them.

V
He feels the need of sufficient experience to enable him to and un■

3-

current 
per sec 
and fro 
of the c 
conside

1

Now,

THEORY OF THE DYNAMO.
I

1. As satisfying the results of numerous experiments, the following 
law is accepted as an axiom in the science of electricity :

The strength of field at any point due to an elementary length of 
conductor carrying current is inversely proportional to the square of the 
line joining the point and the element, and is directly proportional to the 
resolved part of the current in the conductor at right angles to that line. 
The direction of the magnetic force is at right angles to the plane of the 
element and line, and the sense is given by the familiar rule of the right- 
handed screw.

2. On this is based the definition of unit current*: A current has 
unit strength (C.G.S. unit) when unit length (centimetre) of its circuit bent 
into an arc of unit radius exerts unit force (dyne) on unit magnet pole 
placed at its centre. 1 ampere=io~’ C.G.S. units. And from this :

Unit quantity of electricity is that quantity which is conveyed by unit 
current in one second. 1 Coulomb=io""' C.G.S. units.

Unit difference of potential or electromotive force, since potential is 
measured by work done on unit quantity of electricity, exists between two 
points when it requires the expenditure of unit work (erg.) to bring a unit of 
+ ve electricity from one point to the other against the electric force. 
1 volt = io8 C.G.S. units.
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heating
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•These definitions are taken almost verbatim from Professor S. P. Thompson’s 

Elementary Lessons in Electricity and Magnetism.!
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UnU "Stance by the aid of Ohm’s law is defined 
and unit EMF. i ohm = io° C.G.S. units.

3- From the definition of unit EMF we deduce that a unit 
current (that ,s, a unit quantity of electricity per second) does unit work 
per second m a conductor between points at unit difference of potential, 
and from this the work done in any conductor per second is the product
considered6"1 ^°W'n8 an^ the dl^erence °f potential between the points
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'tor, i C.G.S. unit current x 1 C.G.S. unit EMF = 
io-1 C.G.S. units “ 

i ampere

i erg per sec.
x io8 C.G.S. units 11 = io7 ergs per sec.

= io7 ergs per sec. 
t.e., 1 watt = io7 ergs per sec.

Now, since 1 horse power = 745.94 x ,o7 ergs per sec, it must also

= 745-94 watts, or 746 watts commonly used 
in practice.

CE = P (pmver)
Where the transformation of energy in a conductor is entirely into heat, 
we have E-CR where R ,s the resistance between the points at difference 
of potential E, so that the equation for power is

CSR = P
the rate of production of heat, or the energy expended per second in 
heating the conductor.
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power of the machine at the time.
has

current at any time, then EC = P the total 
, . , Any heat losses in the windings of the

machine may be considered just as they would be if the energy were being 
used in the external circuit, armature and series field coils as in series 
circu.ts and shunt fields as in parallel circuits. Following is a summary of 

e distribution of power in the generator and motor. The Roman letters 
are for the generator, the italic ones for similar quantities in the motor.
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Generator.

EC = P total transformation
mechanical to electrical. 

EC - C2r = power given outside 
armature and series 
field.
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orce.

Motor.

EC= P total transformation
electrical to mechanical. 

EC + C2r = power received in 
armature and series 
field.
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Motor.Generator. of on 
the p 
that c 
secon 
the ci 
throuj 
the n: 
direct 
the ct

EC+ C'ir+c\rx = ExCx power 
received from external circuit. 

EC

EC - C'r - c;rt = E,C, power 
given external circuit.
E,Ct

EC electrical efficiency 
of generator.

E, and C, and Ex and C, are the EMF and current, as measured 
at the terminals of the generator and motor, respectively :

E j = E + Cr

EXCX electrical efficiency 
of generator.

E, = E-Cr
15. A unit magnet pole is one which placed at unit distance (centimetre) 

from an exactly similar one repels it with unit force ( dyne).
A magnetic field has unit strength (H) - 1 ) at a given point when it 

acts upon unit pole with unit force at that point. A unit line of force is 
therefore defined as having unit area of cross section in unit field. With field

strength H) the cross section of unit line becomes As there is unit field

at unit distance from unit pole, there will be 4* lines from unit pole 
and lines from pole m.
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6. From the first fundamental statement of the relations between a 
current and its magnetic field (sec. 1), we deduce, by a simple process of 
integration, the distribution of the magnetic field about a straight infinite 

2C
current. 1) where C is in C.G.S. units current, and r is the distance 

of the point considered from the wire in centimetres.

If unit pole is carried in a circle around the wire, therefore, by the 
action of the current, the work done by the current will be

jC
H) L—— x 2 7T r—4 7r C.

The work is seen to be independent of the radius of the path, and, as no 
work is done in carrying the pole to or from the wire, a little consideration 
will show that if the pole is carried in any path whatever around the con
ductor, if it start and end at the same point, the work will be the same.
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ductor, so that the pole has 4 ir C units of work done upon it by the current 
while its 4 ir lines are cutting the conductor ; or, if a pole with one line

or strength —L- were carried around, the work would be C for the cutting
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the product CET, where E is anTlVI^whichwouW ha^tobe'added" to 

that of the circuit to maintain C constant. E, therefore, when T is one 
second, must also be unity to give total work C. The EM F added to that of 
he circuit must be to counteract an EMF due to the cutting of the line 
rough the circuit, since the current remains as before. It is, therefore 

the natural inference that the line, in cutting the circuit in a second in the
direction it does, produces a unit EMF in a direction opposed to that of 
the current.

wer
ircuit.

ciency
or.
isured

I his induced EMI- is seen also to be independent of the magnitude 
o the current, and exists, therefore, when the current is zero, or becomes 
negative in sign that is, reverses direction. In the latter case, the pole 
does work on the electric circuit, i.e., increases the product EC in it.

1-rom the above, we may deduce that the cutting of a conductor by
7r 7^rS™nd (0r 0fa Unit line l,ya conductor) produces unit 
(C LM I-, and by noting the directions of the magnetic lines, conductor,
and motion of the lines or conductor, we may deduce Fleming’s rule of 
the hand for determining their interrelation 
induced EMF.
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8. The generator and the motor are the practical embodiment of 
the above principle. In both EMF is generated by conductors cutting 
magnetic lines, for the conductors of the armature cut through the 
magnetic lines of the field. b

If a conductor in one second cuts unit line, it produces unit EMF.
If a conductor 

produces unit EMF.
If a conductor 

EMF, vl 36, and
If c of these conductors 

and in volts

i

istance

with unit velocity in unit width of unit field, itmoves
by the

moves with velocity v in width 1 of field 36, it produces 

are united in series, the total EMF is cvl36, 

E = io-«cvl36.
1 his is the equation for the EMF produced in the armature, whether 

of generator or of motor. As 36 is directly proportional to the square of 
the linear unit, v, 1, and 36 may be taken either all in C.G.S. units, or all 
m the English system.
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ne line 9- We now come to consider how the magnetic lines are produced. 

" e have a field of average strength and cross-section S to provide 
total flux 0 = S36—cutting or a
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io. Now, by definition the magnetic permeability n=

so that 0=SB—
=S/4b for any cross section of a magnetic circuit

=t>or
S/i

and taking the line integral of this around the magnetic circuit, we get (as 
4> is constant for all cross section-', and n and S may vary) .

0 / — = /1bdl, and this becomes 
J S/t

«6-/Ddl

/.dL J s ?
which is the law for the magnetic circuit corresponding to Ohm’s law for the 

<p is the total flux, /1bdl is the magnetomotive force, and J — iselectric.

the reluctance. We have shown that /f)dl is equal to 4 tt NC (sec. 9), 
and, as magnetic circuits, as a rule, are made up of sections of length 1, 
and constant cross-section S, throughout which the permeability // may 
also be considered constant, we may write the equation in the form

4*NC (all C.G.S. units)<P=
1

3 S//
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As the work done by a circuit on a unit magnet pole (or vice versa) 
depends only on the current in that circuit and the EMF generated by 
the lines from the pole that cut the circuit, if all these lines cut the circuit 
once, then the work done*is independent of the form of the circuit. So that 
the work done when unit pole is threaded through a loop with current C, 
and brought outside and back to the starting point, so that all its lines have 
been cut once, is 4 tt C units (the same as that given for the straight current 
in section 5) ; and if there are N loops each with current C through which 
the pole is threaded, then the work is 4 ir NC units. Furthermore, since 1b, 
the magnetic intensity or magnetizing force at any point of the field, is the 
force acting on unit pole at that point, the work done in carrying unit 
pole around the circuit is evidently equal to the line integral of the mag
netizing force for the path pursued.

4rrNC=/t»dl.
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ii. As the question with us now, however, is how to produce the 
required flux, the equation takes the form if C is in amperes

NC=—9 2 J—

211

•ersa) 
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S n4*

and if 1 and S are in inches it becomes

1io
NC = <l> 2^-

S//47TX 2.54

where NC is the number of ampere turns required to produce the flux ip in 
the circuit defined by the terms lv 1„ 13, etc., Sx, S„ S3, etc., and 
etc. The magnetic properties of the materials used in the circuit must be 
known in the forms of curves or tables, giving the relation between two of 
the three quantities 36, A, and 1b, so that to determine n for any section we
have only to determine 36=|-for that section. The relation between N 

and C can be settled for any particular case.

ircuit
PROCEDURE IN DESIGN.

12. To understand the foregoing principles of the dynamo, one needs 
only a slight acquaintance with the actual machine; but to apply these 
principles to the synthetic process of design or construction, he needs 
very practical acquaintance with the make-up, in detail, of such machinery. 
The best training for this work is to be employed in turn in the 
different departments in works which build a good type or types of 
machines, to perform every operation possible in their construction, and 
to test them when completed. This experience should be supplemented 
in the repair shops, for there the weaknesses and defects of machines 
soon made apparent. This is an invaluable training, if one is careful to 
understand the reasons for everything that he does or sees done.

I ailing this, one should make himself acquainted with the best practice 
by studying the points of difference of several good types of machines ; by 
partially dissecting them, if possible, to obtain the data

et (as

a

Mlare
or the

ÉL is
S n
:c. 9), 
lgth 1, 
« may

necessary for
recalculating them and comparing the results of calculation with actual 
results ; and by obtaining access to machinery in process of construction 
or repair, and paying strict attention to the details of the work.

Tabulated results of best practice will be found of very great help in
design.
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13. Before proceeding with the design of a dynamo, it is evidently 
necessary to ascertain as definitely as possible what is required of it. It 
is to be built for a given purpose. It is a generator, perhaps to do lighting 
or electro-plating, or to supply a power circuit, or it may be a motor to run 
a fan, a lathe, or a workshop, an elevator or a street car ; a generator for 
a constant, or for a variable, pressure circuit ; or a motor for fixed, or for 
variable speeds. We must obtain sufficient data for deciding :

(1) What circuit is it to supply or be supplied from ?
(2) What power is required of it ?
(3) What are the general conditions of use—such as the position that 

it is to stand or be suspended in, the limit of floor space, protection from 
dust, water, iron filings, and other sources of injury, the mode of driving, etc.

14. From the answer to the first question, we determine one of the 
factors of the power. It will decide the pressure to be obtained between 
the terminals if for parallel working, as for incandescent lighting, and for 
motors on constant pressure circuit^, or the current to provide for in series 
circuits, as for arc lighting, and for motors on constant current circuits ; it 
will help us in settling the question of open or closed coil armatures, and 
of series, shunt, or compound fields. The degree of constancy necessary 
in the pressure of generators and in the speed of motors will determine 
whether they are to be shunt or compound wound. We shall know also 
whether special design and regulation will be necessary to effect alterations 
of EMF in generators, or of speed in motors.

From the answer to the second, we determine the other factor of the 
power, for, as we know (sec. 3), electrical power is the product of current 
and EMF, and we have only to divide the required power—reduced to Watts 
—by the one given to obtain the other; usually, we are given the pressure 
and require to determine the current to be allowed. As we have before 
seen, power is lost in the various windings of a dynamo, so that this also 
must be considered. As to the effect of the power of a machine on the 
type, one may say, generally, that, for small powers, bipolar machines are 
preferable on account of their simplicity and economy in construction, 
while, for large powers, multipolar machines are most economical.

The answer to the third question will affect the general design, par
ticularly the selection of the type.

15. There is an almost endless variety of different types of continu
ous current machines ; they may all, however, be classed as bipolar and 
multipolar. The bipolar machines may be divided into those having single
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or multiple magnetic circuits, and these, again, as having one or more 
exciting coils. Multipolar machines, in practice, never have more than 
one magnetic circuit per pair of poles, and often this is abridged ; that is, 
two or more pairs of poles may have parts of their circuits in 
Multipolar machines may, therefore, be classed as having one exciting coil 
—half as many coils as poles, or as many coils as poles, etc.
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16. The common types of armature are the drum and ring (Gramme). 
In bipolar machines for small armature diameters, the drum winding is the 
more economical in length (/.«., resistance) of conductor, and the

simple in construction ; while, for large diameters and shorter cores,
coren that 

from 
g, etc.

more
the ring type gives more economy in metal and winding, and offers much 
better opportunity for ventilation. Ring winding is done in distinct 
lions, so that it is much easier to insulate it and replace portions of it 
than in the case of drum winding, in which the sections all overlap. In 
ring winding there is one active conductor in each loop ; in drum winding 
there are two.
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In multipolar machines, both rings and hollow drums are used ; and 
for these we have the ring, and lap and wave windings, with as many 
parallel circuits as poles, excepting for wave winding, for which there 
always two. The cores of armatures may be smooth or slotted, the ad
vantage, on the whole, lying with the smooth surface. The teeth in the 
slotted core form good driving horns, and somewhat decrease the magnetic 
reluctance of the circuit ; they also allow the heat to escape more 
rapidly from the core, but their additional cost of construction, the 
heating of the pole pieces, due to their unequal distribution of magnetism, 
and the trouble they cause in sparking, tell heavily against them.
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17. Let us now, to fix our ideas, suppose that we are to design a 

dynamo for constant pressure. In the first place, we know (sec. 4) 
that the terminal pressure for a generator is less, and for a motor is 
greater, than the generated EMF by a product Cr; so that if Cr is small, 
as it must be for economy, the same machine generates nearly the 
EMF as a generator or as a motor with terminal pressures the same, and, 
therefore, as other conditions are unaffected, the speed must be nearly the 
same also, so that a generator and a motor to be used in the same circuit 
may be considered very nearly as the same machine.

18. As the EMF of a dynamo is generated in the armature, and 
the whole current used must flow through it (excepting for the shunt 
field of a motor), both factors of the power affect it directly; and as
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Asthe field provided by the magnetic circuit is only for the use of the 
armature, and must, therefore, be designed to suit it, the consideration of 
the armature is evidently the first and most important part of the design of 
a dynamo ; so that, after deciding the number of poles to be used, we 
should proceed to determine what is required of the armature, and select

total m 
the gap 
com par 
The val 
about 5 
pieces. 
2,300 f 
30,ooo

the type.
We know approximately the EM F that it must generate (sec. 4— 

E=E1+Cr, of which we know Et and Cr is small, and need not be 
considered at this stage), and the maximum current that must flow 
through it, allowing a percentage for the shunt circuit (sec. 14). 
total armature current is divided between two parallel paths in bipolar 
dynamos, and between two, four, or more parallel paths in multipolar 

that the total current that the armature conductor has to carry is

ThThe
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amount

ones, so
fixed, and from this, knowing the safe carrying capacities of conductors, 

can fix the cross section necessary. From 400 to 800 circular mils 
per ampere for copper gives the common range of practice, the lower 
values when the machine is run, intermittently, or when there is good 
ventilation, and the higher values for continuous running, or when the

we

ventilation is poor.

19. We may now consider the application of the equation 
E=io-# cvlB

The armature of a dynamo consists of the arrangement of a number 
of conductors (usually copper wire) on a core which is a good magnetic 
conductor, which is attached to a shaft, and revolves in a magnetic field, 
so that the conductors cut through the lines of that field as they pass from 
the poles of the dynamo across the gap—composed of clearance and 
space occupied by the conductors and their insulation—to the core. As 
we shall see later in considering the magnetic circuit, it is very important 
that the depth of this space between pole face and core should be as small 
as possible.
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20. The cross section of the magnetic field is approximately the 
the pole face, and the distribution B is fairly uniform in a goodsame as

design, 1 is the length of a conductor that is actually cutting through the 
field B, and may be taken, therefore, as the length of the pole face, and the 
length of armature core is usually about the same. The linear velocity of 
the conductors, i.e., the peripheral velocity of the armature, is v, and c is 
the number of effective conductors in series, i.e., the number of those in 
series in which EMF is actually being generated, and which are, therefore. •E/e
within the polar arcs.
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io*E
to determine, having the relation cl==_^ig between them.

As a question of internal resistance, c and 1 may nearly balance each 
other, and it becomes a question then as to whether altering 1 increases 
or decreases the idle wire necessary in the particular winding used, 
there are other conditions which limit the fixing of c, a consideration 
of which will help us in making the adjustment, c is the number of 
conductors in series—in one of the two or more parallel armature circuits 
—which are actually cutting the magnetic field at a given instant, at any 
of its two or more pole faces ; its ratio to the total number of conductors 

the cutting surface is approximately that of the polar arcs to the 
periphery of the armature space. The length of the polar arc, we find in 
practice, ranges between 50 and 100
and usually lies between 70 and 80 per cent. ; questions of magnetic 
leakage, sparking, etc., affect its length.
fixes the relation between c (the effective) and the total numlier of active 
armature conductors.

But

on

per cent, of the total circumference,

Fixing this ratio now also

21. We must now select values for 36 and v. We then have c and 1

amount.

As a means of decreasing the exciting power necessary for a given 
total magnetic flux (sec. 11 ) the intensity of magnetization, 36, of 
the gap spaces is taken quite low, especially for smaller machines, as 
compared with the limits of saturation of the poles and armature core. 
The value in practice increases with the capacity of ihe machine, and is 
about 50 per cent, higher for wrought iron or steel than for cast-iron pole 
pieces. For bipolar machines, with cast-iron pole pieces, 36 ranges from 
2,300 for 1 kwt. capacity to 4,700 for 300 kwt., or from 15,000 to 
30,000 per square inch.

The velocity v as an easily-produced factor of the EM F should be as 
high as possible. It is limited, however, by mechanical and electrical con
siderations, such as strain in the moving parts, vibration due to irregularities 
of balance, friction in the bearings and air friction in the clearance space ; 
eddy currents also and hysteresis losses increase with the speed. " The 
hysteresis losses depend on the number of reversals per second and the 
intensity of magnetization of the core. In practice, the peripheral velocities 
of drum armatures range from 25 to 50 feet per second, increasing with the 
capacities ; and those for ring armatures—on account of their better 
ventilation and the better hold of the conductors—reach double that

!• '

*Electrical World, xxiii., p. 867.
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Again, the number of conductors around the circumference, and the 
number of layers, with a knowledge of the space required for insulation* 
(between conductors and core, between layers, between sections, and 
between individual conductors) and that needed for driving horns, will fix 
the circumference required for the armature and the depth of winding.

The radiating power of the armature fixes the limit of depth of con
ductors. The greatest current density allowed in practice, that is, the 

per inch ciicumference, is fixed at about 800, or about 2,500 
per inch diameter. The average would be about 600, or 1,900 per inch 
diameter, which corresponds to a rise of about 70° or So1 centigrade. 
The depth of winding varies, in practice, with the diameter of the armature, 
ranging with drum armatures from .25 to .8 inch for diameters of from 2
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24to 30 inches.
Another question affecting c is the number of sections that there are to 

be in the armature and in the commutator. Many sections increase the 
difficulty of winding and insulating, and increase the size and cost of 
construction of the commutator, while few sections give greater losses 
in the coils short-circuited under the brushes, causing sparking, and 
give greater variations in the total EMI' generated. 1 hirty-six divisions 

only a variation of one-fifth of one per cent., so that this would be 
plenty for steadiness; but, besides this, the self-induction in the short- 
circuited coils require that the number of loops per section should be kept 
down, which would both tend to decrease the total number of conductors 
and to increase the number of sections. From 40 to 60 sections is good 
practice for pressures up to 300 volts on bipolar machines.

the effect of self-induction in the coils comes still
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For high pressures,
into play in increasing the number of sections, as also the necessity 

of keeping the pressure between adjacent segments low enough not to 
maintain an arc across the insulation between them.f

Let us, then, decide upon a number of sections for the com
mutator. Each commutator bar will begin one coil and end another, so 
that the number of armature and commutator sections will be the same.
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22. We may now select a value for 1, obtained from a similar type of 
machine in practice, and obtain c and the total number of conductors ; 
then select the nearest number to this which will give the chosen number 
of sections, and correct the assumed value of 1. Knowing now the num
ber of conductors per section, we can decide, from considerations above

* Electrical World, xxiii., p. 74<- 
t Electrical World, xxiv., p. 129.
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given, and from convenience in winding and insulating, the form that the 
sections will take and how they will he placed and wound. The circum
ference of the armature is readily deduced from this, and, therefore, the 
diameter. We may now see if the length chosen and the diameter deduced 
bear reasonable proportions to each other ; if not, a new value of 1 may he 
selected.
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23. The selection of the type of armature need not be finally made until 
after a preliminary calculation of the dimensions, though, as we have

«

_ seen,
a higher value of v is allowed for ring than for drum armatures, which 
should be considered.

*\
24. We now come to the consideration of the magnetic circuit which 

produces the fields for the armature conductors to cut. There are a great 
many different forms of magnetic circuits, and dynamos are classified by the 
forms and arrangements of these (sec. 15), and, since they can only be 
utilized for dynamos by conductors cutting through gaps in them, the rest 
of the circuit is, therefore, only of use as it provides the fields. Electric 
current circulating in a continuous direction, in coils which surround the 
material of the magnetic circuit, is necessary to produce and maintain the 
magnetic flux. Energy is not necessary to maintain a field. What is used 
in the exciting circuit is a more or less necessary waste, for it is all trans 
formed into heat.
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The excitation is proportional to the product of two 
t**rms, the current and the number of times it encircles the flux or NC, 
and, since only the current involves energy, we have the power to reduce 
the energy waste by increasing N.es still 

cessity 
not to 25. As they are interrelated, we may consider together the questions : 

How do we adjust the proportions of the magnetic circuit? what excitation 
will be needed for it? and how shall this be provided ?

They are, in fact, the discussion of the equation (sec. 11 )

NC= —0 2 J- 
4" a.'1

In this equation we have to fix the quantities and for each part

of the circuit the term —. To fix r/i we have already the intensity of the

field its width, which is taken as the length of the pole face, and its 
depth is calculated from the ratio of polar arc and the circumference of 
the armature ; so that we have the area of the pole face, which is taken as 
the cross section of the field S, and therefore <p~SJB is determined.
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2826. We shall now consider the terms for (1) the air gaps, (2) the
S/x

armature core, (3) the pole pieces, (4) the magnet limbs, and (5) the yoke 
or connecting pieces.

For the air gaps, we have already settled S ; /< is unity, and 1 is the 
distance between armature core and pole face, which is made up of depth

the pol 
should 
are ofte 
of the 
permea

of winding and clearance. The depth of winding has already been settled. 
The clearance varies with the diameter, in practice, between and tV of 4 29

The larger distances are for slotted armatures, being found anneale 
winding 
be circ 
limbs ai

S-t

an inch.
necessary to prevent sparking ; it should be as small as possible, but there 
should be assured safety, for the surface of the armature, from touching 
the pole face. The sma'lness of /x makes this the most important term 
in the calculation. The main reason for making S large or B small is now

•h
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In the first place, it27. Let us now deal with the armature core, 
has to be well laminated, for the reason that iron is a good electrical con
ductor, so that if the core were made of solid iron, this, cutting the mag
netic lines which pass through it, would have the same effect as though 
conductors on the surfaces were short circuited, which would waste power 

The current that would flow in it would be inif it did nothing worse, 
the same direction as in the conductors ; the laminati >n, therefore, is to 
effect discontinuity in this direction. If the lamination is too thick, there 
will still be formed circuits in it sufficient to cause serious loss, and the 
range of practice seems to be between 10 and 80 mils in thickness. 
Special insulation is not required between the plates; the coating of oxide 
formed by heating the iron is sufficient.

The radial depth of the core is fixed so that, after allowing for air 
in the lamination, the total cross section is sufficient to keep the

3°.I betweer 
kind of

/t down,
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smaller, 
(not the
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space
value of B in it well within the limits of saturation. In bipolar machines 
the total flux has two paths to take about the centre. In multipolar 
machines, for each magnetic circuit, it has but one path in the armature. 
The value of S for the armature is now fixed, since we know the length and 
have corrected it for lamination already. We must determine /x from tables 
giving the relation between B and /x for the intensity of flux decided 
The average length of magnetic path through the armature core is I, 
and may be estimated. The hysteresis losses in the core are propor
tional to the number of magnetic reversals and to the 1.6th power of the 
intensity of magnetization ; for this reason B should be lower as the speed 
increases, to keep down the heat and the heat losses.
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3i. We now have all the data for calculating the ampere turns NC 
necessary to produce the field for the armature conductors to cut. We 
should find, however, that if we took this value and designed the fields 
according to the cross sections, etc., above obtained, and provided wind
ings and current accordingly, that the useful flux that we should actually 
obtain would perhaps be only 
calculated upon.

I he explanation is this : air is a magnetic conductor—not a good one, 
but still it has conductance, and magnetic lines, instead of passing around, 
and keeping within the bounds of the circuit, run out from the exciting 
coils, in more or less wide paths through the air, constituting magnetic

or |, or, perhaps, even less, of the amount

DYNAMO DESIGN.

28. The quantities 1, S, and // are readily estimated for the pole pieces_
the pole face has already been fixed. The general design of the pole 
should be such as to prevent the unequal distribution of the field. They 
are often made of cast iron, especially in smaller sizes, when the intensity 
of the magnetic flux carried by them is not great, and therefore the 
permeability is large.

219

29. The magnetic limbs, on the other hand, should be of the best 
annealed wrought iron, for the cross section, as it affects the cost of 
winding,as well as the weight of metal, should be a minimum. It should also 
be circular, as this has the least circumference for a given area. The 
limbs are usually run pretty well up to saturation, so that 38, and therefore 
S- *

jj, can now be fixed. For the present, the value of 1 will have to be

estimated, which may be done by comparing similar machines, and it is 
decided later, when we'find the space required for winding. ,u is fixed hy 
36 If the dynamo is to have field regulation for EM F or speed 
any considerable range, then the value of 36 chosen should correspond 
with the field needed for maximum pressure or minimum speed, so as to 
keep the field below saturation.

over

30. I he cross section of the yoke or other connecting pieces 
between the limbs should, at least, be as great as the latter, if of the same 
kind of iron. It is better to have it somewhat larger, so as to bring 36 and

n down. If of cast iron, the value of S, being decided by S = je, would
be considerably larger, as the permissible value of 36 would be much 
smaller. 1 is again the length of the average path of the magnetic lines 
(not the length of the yoke over all).

>) the

yoke

is the 
depth 
ittled.
ta

found 
there 

iching 
term 

s now

4

ace, it 
1 con- 
; mag- 
hough 
power 
he in 
, is to 
, there 
nd the 
:kness. 
r oxide

for air 
ep the 
tchines 
tipi ilar 
aature. 
;th and 
1 tables 
ed on. 
ire is 1, 
propor- 
of the 

: speed

f
i

-H
ifl ■

_

——
IüBB

mW
B

w—

s
r



X

DYNAMO DESIGN.220

leakage. The part of the total flux that does not go through the armature 
is considerable.

32. If we were to take a practical example of the magnetic circuit, 
and calculate the ampere turns, or the magnetomotive force necessary 
for each part of it, we should see that by far the greatest term would be 
that for the air gaps; so that if we consider the magnetomotive force about 
the magnetic circuit in the same way that we do EMF about the electric 
circuit, we see that the drop is proportional to the resistances. The air 
gap is to the magnetic circuit in a good deal the same relation that the 
space between plates suspended in acidulated water is to an electric circuit. 
The reluctance of the air gap is greater than that of the rest of the circuit» 
and, therefore, the greatest drop of magnetomotive force takes place over 
it. Wherever we have difference of magnetic potential in a magnetic con
ductor, we shall find magnetic lines. The pole pieces have great difference 
of magnetic potential. There are, we may saÿ, two magnetic con
ductors between them, the air gaps ani armature core as one, and the 
remaining possible paths as the other. Most of the lines will follow the 
former path, but only in proportion to its magnetic conductivity as com
pared with the other. In the same way there will be leakage between 
the limbs, and between the pole pieces and the yoke ; although very 
little between the ends of the yoke. In all cases given the machine the 
magnetic conductivity of the air spaces is perfectly definite and can be 
ascertained, and, therefore, the proportion of the lines in a given case 
that leak though the air and those which are used in the armature 
can be ascertained.
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33. As all the lines (or nearly all of them) will have to pass through 
the iron within the exciting coils, and through the yoke, we shall have to 
increase the cross sections of these as calculated, if we wish to keep the 
value of 3B and // the same—adding sufficient to them to take the leakage 
of the rest of the circuit at the same densities 3B, thereby retaining the 
flux <p for the armature.

Doing this will be seen not to affect the value of NC calculated ; 
the increased flux is simply proportional to the increased conductance. 
The ratio of the total to the useful flux is called the co-efficient of leakage, 
and ranges from 1.1 in large machines of good design to 2 for very small 
ones.

36.
current

where k

The determination of the conductances of the air circuits is rather 
troublesome, so that if it is not necessary to have very accurate results at 
first a value for the co-efficient of leakage may be assumed by comparing

I1
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those of similar types of machines ; and an allowance may he made for 
increasing or decreasing the excitations when the machine is tested.
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34. There are two more items to be considered in providing ampere 
turns, which, in bad construction or in bad design, may become of consider
able importance: they are the effect of joints and the demagnetizing action 
of the armature. The former becomes of importance when there are too 
many joints in the circuit, or when their surfaces are not perfectly even 
and smooth. The latter is due to a certain number of turns in the arma
ture between the pole horns, which actually surround the magnetic circuit! 
and have a current in the opposite direction to that of the magnet. It is 
due to the lead given the brushes to prevent sparking. The effect, 
evidently, varies with the armature current, i.e., with the load, and can be 
allowed for, for some particular load, or may be counteracted by com
pounding.

*

35. If the field and speed can be kept constant in a generator, then 
the EMF generated will be constant ; but the terminal EMF will drop as 
the load increases, as we see from the relation E,=E - Cr (sec. 4). Now, 
as it is the terminal pressure that must be kept constant, since the speed 
cannot be very well increased with the load, the machine is compounded ; 
that is, a winding is provided on the magnet which, by taking the arma
ture current (or that, less the shunt field current), is designed to produce 
an additional flux, which will increase the EMF generated by the amount 
Cr over as wide a range of load as possible.

A motor is compounded to maintain constant speed when run on a 
constant pressure circuit. The series winding acts against the shunt, 
decreasing the counter EMF by the part Cr in the relation E1=E + Cr 
(sec. 4) as the load increases. As the action of the armature turns, due 
to negative lead in the motor, is opposed to that of the field turns, just as 
it is in the generator, it may be made use of in the design of the motor 
to maintain constant speed, instead of providing a special series winding.
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36. We may now decide the relations betweed the turns and 
current in the fields. We have for the shunt field

NC = k,
where k, is the calculated value, we have also the relations
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where L is the total length, and s the cross section of the wire used, and 
k„ is the resistance of unit length of copper conductor of unit 
section. If L is in feet and s in circular mils, then k„ is the resistance of 
one foot of wire of one mil diameter = 10.381 ohms at 75 F. Again,

L = k3N
where k;l is the average length of a turn. Now, if ks can be considered 
nearly constant for a fairly wide range of turns of a given wire, then 
knowing the excitation required must fix the gauge of wire to be used, for 

derive from the above equations the relation
k

222

cross

we

s =
E

Wka being estimated at first from the diameter of the spools on which the 
is to be wound, and is corrected by trial, as the space to be occupied 

by the windings is determined.

37. We may now select a value for the current to be used, which 
must be within the safe carrying capacity of the gauge of wire determined ; 
and calculate the number of turns. The adjustment should be made by 
balancing running loss against cost of construction. As the field losses 
rather a matter of absolute than of relative cost, we find that much 
larger percentages of the total output are used in field circuits in small than 
in large machines. They range from about 15 to .015 per cent.

38. In adjusting the excitation due to the series field of the com
pound winding, the principal necessity is the knowledge of the properties 
of the magnetic circuit above the degree of its magnetization by the 
shunt coils, if for a generator, or below, if for a motor, because if lines

added to those already in the circuit, or are taken away, it affects the 
values of B and /t throughout, so that the ratio of the increase of B per 
increase of the magnetizing force must be known.
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A. W. Connor, B.A., ’95.

Within the last few years much has been written on the subject of 
solutions, and a great deal of work has been done, rendering what until 
recently was one of the most obscure branches of physics one of the clear
est and best understood ; and as in connection with this recent develop
ment many interesting problems relating to the voltaic cell have been 
solved, I propose in this paper to give an account of so much of the new 
theory of solutions as will be necessary for the proper understanding of its 
application to these cases.

A solution, in the modern sense of the word, may be defined to be a 
“ gaseous, liquid, or solid mixture, perfectly homogeneous in all its parts 
this extended significance of the word including air, alcohol-water mix
tures, and the various solid glasses, as well as those solutions of solids in 
liquids to which the term was originally restricted.

Liquid solutions, to a consideration of which this paper will be 
restricted, may be subdivided into :

(1) Solutions of gases in liquids, e.g, of ammonia in water.
(2) Solutions of liquids in liquids, e.g., of sulphuric acid in water.
(3) Solutions of solids in liquids, e.g., of salt in water, or resin in 

alcohol ; but that this classification is merely one of convenience may be 
gathered from the fact that the physical state of the components of the 
solution varies with the temperature and pressure. Acetic acid, for 
instance, melts at 16.70 C.; above that temperature a one per cent, solution 
of the acid in water would come under head (2), below 16.7° C. under (3), 
although no change in the physical or chemical properties of the solution 
at that temperature gives indication of any real difference between the 
two subdivisions.

Another basis of subdivision has been sought in the circumstance 
that whereas some substances have the power of mixing in all proportions 
(e.g., alcohol and water), others (e.g., ether and water, carbolic acid and
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water, camphor and alcohol) can do so only to a limited extent, and still 
others are known which seem incapable of dissolving in each other at all — 
such, for instance, is the case with silver chloride and water, water and 
carbon disulphide, etc. These distinctions, however, like the former, have 
proved more apparent than real, the difference between the various classes 
turning out on investigation to be merely one of degree, not of kind : 
above 70° C., for instance, carbolic acid and water will mix in all propor
tions, below that temperature they will not*; while careful researches 
have shown that there is no such thing as a totally insoluble salt, and 
the solubilities! of silver chloride and barium sulphate in water, though 
very small, have been experimentally determined.

(1)

(2)

(3)
number

(4)
quantity
enclose*/

In
(1)
(2)

(3)
(4)I

OSMOTIC PRESSURE.

The distinctive conception of the new theory of solutions is that of 
“ osmotic pressure,” developed by Prof, van t’ Hoff J from data contained 
in a paper on the physiology of plants, published in 1877 by Dr. W. 
Pfeffer.S now Professor of Botany in Leipzig.

He found that a porous clay cell on which a film of cupric 
ferrocyanide was precipitated was pervious to water, but not to sugar ; 
that if aqueous sugar solution were enclosed in such a cell and subjected 
to pressure above a certain amount (depending on the concentration of 
the solution) pure water would filter through the pores of the cell ; that, 
on the other hand, if the pressure were kept below this value and the cell 
were immersed in a vessel of water, the water would enter the cell from 
without. Other membranes have been discovered possessing similar 
properiies, and solutions of various substances have been experimented 
on by their aid. The pressure at which equilibrium takes place has been 
named the “osmotic pressure" of the substance in solution, and has 
been found :
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*Ostwald. Lehrbuch der Allgemeinen, Chemie, I., 640, 1891.

+A solution is said to be saturated with reference to a certain substance at a given 
temperature if the solution can remain in contact with that substance without altering in 
composition, and the number of grammes of the substance dissolved in too grammes of 
the solvent under those circumstances is said to represent the solubility of the substance 
at the temperature specified.

%vau t'Hoff. Une propriété generale de la matière diluée, Sv. Yet. Ak.’s 
Mandlingar, xxi., Nov. 17, 1886; also Die Rolle des Osmolischen Druckes in der 
Analogie Zwischen Lôsungen und Gasen, Z. Ph. Ch. (Zeitschrift für Physikalische 
Chemie), I., 481, 1887.

%Pfcflcr. Osmotische Untersuchungen, Leipzig, 1877.
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(1) Proportional to the concentration of the solution.
(2) Proportional to the absolute temperature.
(3) Equal for solutions of various substances, containing the 

number of gramme molecular weights per litre.
(4) To have the same absolute value as the pressure which the same 

quantity of the dissolved substance would exert in the form of 
enclosed in the same volume and at the same temperature.

In other words, this “osmotic” pressure varies according to
( i ) The law of Boyle.
(2) The law of Charles.
(3) Avogadro’s hypothesis ; and
(4) In the equation

same

a gas

PV=nRT (i>

which is the algebraical expression of these three ; the constant R has the 
same numerical value when P represents the osmotic pressure, T the 
absolute temperature, n the number of gramme molecules of the dissolved 
substance, and V the volume of the solution, as when these letters 
represent the (hydrostatic) pressure, temperature, number of gramme 
molecules, and volume of a gas.

The importance of these relations will readily be seen ; Pfeffer’s 
work furnishes a means of isothermally and reversibly separating solvent 
from solution, and the quantity of work involved may be calculated from 
the osmotic pressure by means of the ordinary gas laws.

OSMOTIC PRESSURE AND VAPOR TENSION.

Direct measurements of the osmotic pressure offer exceptional experi
mental difficulties ; the relation, however, which subsists between (a) 
the alteration produced in the vapor tension of a liquid by dissolving 
another substance in it, and (fi) the osmotic pressure of that substance 
in the solution so formed, offers us a reidy means of indirectly determin
ing this latter quantity. It has long been known that the boiling point of 
aqueous solutions of non-volatile substances, e.g., salt, sugar, etc., is 
higher than that of pure water (or, in other words, that for the same tem
perature their vapor tension is lower) ; the quantitative theory of the 
phenomenon, however, is of comparatively recent date.

It follows directly from the second law of Thermodynamics that if a 
“ reversible circular process ” be carried on at constant temperature (iso-
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of the 1 
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thermally), the quantity of work gained by the system must be equal to 
that lost (or done). Such a circular process is the following :

Suppose a solution consisting of solvent and dissolved substance 
in the proportion of N gramme molecules of the former to 11 of the latter, 
where n is small in comparison with N.

(1) From a quantity of this solution so large that its composition 
may be considered as remaining unchanged during the operation remove 
N gramme molecules of the solvent as follows :

Let A (Fig. 1) be an enclosed vessel containing the solution, and 
furnished with a cylinder, B, in which the piston, C, permeable for the

(3Î
from tl 
temper:

É

A w»tt/
* CB m or, appr

t-■fl
1

T. Solution___
A (4)

compres 
and theFig I

solvent, impermeable for the dissolved substance, moves without friction. 
On forcing the piston in the direction of the arrow, water will be 
removed from the solution and a quantity of work will be done 
= PV, where P is the (constant) osmotic pressure of the substance 
in solution and \ the volume of the N gramme molecules of solvent 
removed. I he value of this quantity may be obtained from the equation

Thi
parts is 
therefori 
with its

PV = nRT (1)

Wh(the mathematical expression of Boyle’s, Gay Lussac’s, and Avogadro’s 
laws), in which R is a constant, P is the osmotic pressure, T the absolute 
temperature, and V the volume occupied by n gramme molecules of dis
solved substance (very nearly equal to the N gramme molecules of solvent, 
the solution being dilute). The work done, then, in this first operation is

nRT

(2) The N gramme molecules of pure solvent so obtained may now be 
converted into vapor at the (constant) pressure p (the vapor tension

or, “Th< 
the ratio 
the num
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of the pure solvent at the temperature T), whereby a quantity of work 
Npv will be gained, where v is the difference in volume between one 
gramme molecule of the solvent in the form of vapor (at p, and T) and 
in the form of liquid ; or, approximately, the volume in the form of 
vapor. Making this approximation, and assuming the applicability of
the gas laws in their simplest form, viz., pv=RT..........................
the quantity of work gained in the second operation will be

NRT

il to

ance
liter,

ition
nove *

(3) I’hese N gramme molecules of vapor are now allowed to expand 
pressure p to the pressure p, (vapor tension of the solution at 

temperature T), the quantity of work gained being

and 
r the from the

N/Çp,pdv = NRT log..................

or, approximately (since p-p' is small compared with p),

(2)

NRT HrP- (2 a)
P

(4) Lastly, the N gramme molecules of the vapor of the solvent 
compressed into the solution whereby the pressure keeps 
and the quantity of work done is (see operation 2)

NRT

l’he circular process has now been completed, each one of its four 
parts is reversible, and has been carried on at the constant temperature T ; 
therefore, the sum of the four quantities of work involved, each taken 
with its proper sign (work done positive, work gained negative), is

nRT - NRT - NRTP-HH' +NRT = o...,
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or, “The relative diminution of the vapor tension of the solvent is equal to 
the ratio of the number of gramme molecules of dissolved substance to 
the number of gramme molecules of the solvent.” And also
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equation which connects the osmotic pressure with the temperature, 
the composition and density of the solution, and the vapor tensions of the 
solution and the solvent.

228
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PRESSURE ANL) FREEZING AND BOILING POINTS OF SOLUTIONS.

The very close connection that exists between the vapor tension of a 
solution and its freezing and boiling points (a relation by means of which
we may with ease experimentally determine the ratio — ) may readily be

from the following considerations :

OSMOTIC

seen

P
or

k being a < 
lines wi, e

from them
*

7
Fig. 2.

In the accompanying figure (Fig. 2), let the line wi represent the 
vapor tension curve for water (1#., a line the ordinates of whose various 
points represent the pressures of steam in equilibrium with water of the 
temperatures given by the corresponding abscissae) ; let the line i i, i„ be 
the vapor tension curve for ice, and the lines s, t, and s212 the same for 
the two different salt solutions S, and S,.*

The points 1, r'„ and z, will then represent the freezing points of 
water and of the two solutions respectively.

The difference p - p' between the ordinate of the two lines wi and 
s, z, at any given temperature is, according to the equation,

P~P. » 
p N

equal to 11 p, in which ^ (which gives the composition of the solutions,)

is constant for the line s, i„ and p may be treated as a constant for small 
variations of temperature.

heat of fus 
this value

A per 
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In other words, within the small limits

•As the variations of temperature and pressure hereinafter to be considered are very
curves represented in the figure will besmall, the parts of the various vapor tension 

treated as straight tines.
*van t’l

*



- dT = k-or
(5)X

k being a constant whose value evidently depends on the angle which the 
lines wt, etc., make with the T axis ; its numerical value has been found

from thermodynamical considerations* to be 5L where Q is the ,atent

heat of fusion of solvent and T the absolute 
this value into (5) it becomes

temperature. Introducing

SLx- dT = (5")2?

A perfectly similar line of argument leads to an analogous expression 
for the raising of the boiling point.

1 he relations obtained in the last two pages connecting the ratio - 
■with : N

(a) The osmotic pressure of the dissolved substance,
(/>) The diminution of the vapor tension 
(c) The lowering of the freezing point 
{d) The raising of the boiling point 

have been made use of in determining the molecular weights of dissolved 
substances, for a knowledge of the molecular weight of the solvent (in the

’van t'Hoff, he. at., n. 496.

of the solvent,

MOLECULAR WEIGHTS OF DISSOLVED SUBSTANCES.
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represented in the figure, r, i, (and similarly s, /„) may be considered as 
parallel to wi. Now, the distances is, and is] are proportional to the 

ratios N ant^ N ’ an<^’ on other hand, the lengths of these same lines,

is, and is,, are obviously proportional to the horizontal distances of the 
points /', and /, from the line is, s„ that is, to the differences between the 
freezing temperatures of water and of the solutions s, and s, respectively.

From this it follows that the lowering of the freezing point of the sol
vent is proportional to the ratio :

No. grm. mois, subst. dissolved 
No. grm. mois, solvent
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state of gas) and of the composition of the solution gives N, a determina

tion of any one of the quantities (a), (/>), (c), (d) above gives and the

product of the two is n, or the number of gramme molecules contained in 
the (known) weight of the dissolved substance, hence the molecular weight 

of the latter.
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The molecular weights obtained in this manner have in many 
cases proved identical with those expected from purely chemical grounds, 
sometimes, however, notably in the case of solutions of salts, strong acids, 
and strong bases, the number of molecules, as deduced from freezing 
point depression, etc., has been found to be two, three, or more times 

be accounted for if the molecular constitution representedas great as can
by its chemical formula be assigned to the dissolved substance.

A similar discrepancy had years before been noticed in the molecular 
weights of certain gases. A density determination showed that the 
her of molecules contained in the vapor evolved on heating a given quan
tity of ammonium chloride was twjce that calculated by the help of Avo- 
gadro’s hypothesis* from the chemical formula NH4C1; the explanation 
suggested, viz., that the substance had undergone chemical decomposition 
(“dissociation ”) into ammonia and hydrochloric acid gas, although at first 
scouted as “ contravening all the laws of chemical affinity, has since been

num-

confirmed by direct experimental evidence. The attempt, however, to 
account for the “ abnormal depression of the freezing point ’ of water by 
salts, strong acids, etc., in a similar manner was balked by the difficulty 
of saying into what such a substance as sodium chloride (NaCl), for 
instance, could possibly be “dissociated.”

electrolytic solutions.

Farad 
effected by 
identified 1 

carrying an 
familiar el< 
lively char 
ode, and v 
direction) 
by assumir 

Thus 
the sodiun

The fact that these “abnormal” results were obtained chiefly with 
solutions of electrolyte, however, has led to a hypothes's which, originally 
put forward to explain a limited number of phenomena, has proved itself 

invaluable assistance in all investigations into the nature of electrolytic 

solutions.
an

conduct electricity was well knownThat aqueous salt solutions can 
to Galvani and Volta ; that chemical decomposition accompanies the pass-

•The a 
the source c 
the + currei 
anode and 1<

contain the•“Equal volumes of all gases at the same temperature and pressure 
same number of molecules,” or, as the atomic weight of hydrogen has been adopted as 
the unit, and the molecule of hydrogen contains two atoms, 22.327 litres at Ul and 
760 mm. (which would contain two grammes of hydrogen) wt'l contain the molecular 
weight in grammes of any gas.
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iina- age of the current through them seems first to have been discovered by 
Nicholson and Carlisle (1800); but a quantitative investigation of the 
products of this decomposition was first undertaken by Faraday, who 
established the first and second of the following four general statements :

(1) The quantity of salt decomposed in a given time is proportional 
to the current.

(2) If the same current be passed through solutions of various saltsi 
chemically equivalent quantities of these salts are decomposed. (Fara
day’s law.)

Apart from this decomposition, however, there has often been 
observed :

(3) An alteration of the concentration of the undecomposed electro
lyte along the line of flow of the current. Thus, for instance, if electricity 
be passed through copper chloride solution between platinum electrodes 
copper will be deposited at the kathode,* and chlorine set free at the 
anode ; but, besides this, at the end of the experiment, that half of the 
solution towards the anode will be found to contain more copper chloride 
than the half in the neighborhood of the kathode. The quantitative 
investigation of this phenomenon is due to W. Hittorff.f

(4) In all other respects, however, the conduction of electricity by 
electrolytes resembles that by metals, and is subject to the laws of Ohm 
and of Joule.
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ION THEORY.

Faraday represented the passage of electricity through the solution as 
effected by the actual motion of translation of material particles (which he 
identified with the then recently invented “ atoms” of Dalton), each one 
carrying an equal (positive or negative) charge, much as the pith balls in the 
familiar electrostatic experiments. Such of these particles as were posi
tively charged would tend to move towards the (negatively charged) kath
ode, and were hence named “ kations,” the others (moving in the opposite 
direction) “anions.” The electrical neutrality of the solution he explained 
by assuming the existence of equal numbers of these two classes of ions.

Thus in the electrolysis of a solution of sodium chloride, he imagined 
the sodium atoms, each wtth its appropriate charge of positive electricity,

with
inally
itself

olytic
-

nown
pass-

*The anode is that pole which is metallically connected to the positive pole o 
the source of E.M.F., the kathode to the other. According to the usual convention, 
the + current is supposed to enter the e'e.trolyte (i.e., the conducting solution) by the 
anode and leave it by the kathode.

UV Hittorff. Wanderung der Ionen waehrend der Elektrolyse Fogg. Ann., 
LXXXIX., 177; XCVIII., 1 ; CIII., 1 ; CVI., 337 and 513; 1853-1859. Reprinted 
in OslwaWs Klassiker, Nos. 21 and 23, Leipzig, 189t.
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The 
expert'me 
values ar<

as moving “down” towards the kathode, while the chlorine atoms were 
carrying their negative charges “up’ to the anode. If the atoms of the 
various elements he supposed to carry charges proportional to their 
valency, we can deduce from Faraday’s ion theory the second of the 
above general propositions. The variations in concentration may be 
accounted for by assuming that under similar circumstances (e.g., 
the same difference of potential per centimetre) the various ions 
+ + + “ — “

(K, Cu, Cl, S04 etc.) move at different rates; for in the electrolysis 
of copper chloride solution, mentioned above, if the chlorine ions move 
toward the anode quicker than the copper ions toward the kathode (the 
condition of electrical neutrality of the solution being maintained), the 
concentration of the copper chloride will become relatively greater in that 
part of the soluti m nearest the anode ; and conversely experimental 
measurements of the alterations in concentration, brought about by the 
passige of a current, have led to the determination of the relative veloci
ties of the various ions.

The next step in the development of this “ ion theory ” of electro
lysis was taken by Kohlrausch, who found that the “molecular con
ductivity ”* (11) of dilute solutions of salts, and of some acids and bases, was 

“additive” property, i.e., might be measured in each case by the sum 
of two specific constants, one for the kation and one for the anion. In 
endeavoring to give a physical meaning to these constants, he was led to 
the conjecture that they might possibly represent the rates at which the 
various ions transport the electrical charge, and a careful comparison of his 

results with those of Hittorff showed this hypothesis to be well founded. 
The result of his investigation he expressed in the formula

Valu 
$Zn = 24.

Valu

Kl
N.
H'

h zl
K<

Noti

Kohlraust
an

This 
phenomer 
chemists, 
shocked l

own
* Ostwc

+As thi 
following li 
“ normal ” 
one litre of 
forces—as v

(7)/aM—U +V

or, *' molecular conductivity in extremely dilute solutions is equal to the 
of the velocities expressed in suitable units of the anion and of thesum

kation.”
The molecular conductivities of more concentrated solutions he

found to be less than those of the dilute.

•The conductivity (in reciprocal ohms) of such a quantity of the solution as contains 
a formula weight in grammes of the salt, when enclosed between electrodes one 
centimetre apart. It will be seen from this definition that the molecular conductivity 
may be obtained by multiplying the number of cubic centimetres of the solution that 
contain one gramme formula weight of salt into the “specific conductivity of the 
solution, i.e., the conductivity of a cube whose side measures one centimetre.

1
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The following table* shows the extent of the agreement between the 
experimental results and those calculated by means of equation (7): the 
values are for 18’ C. and for extremely dilute solutions.t

233
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heir
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■ be TABLE 1.

fg;
ions Values of u for K=52. Na—32. Li=24. Ag=42. H = 272.

JZn = 24_
Values of v for 0=54. 1=55. NO,=48. OH = ,43.lysis

love
(the Molecular Conductivity, //„ 

Obs’d. Calc’d.

Transport of the Anion — 
u + v

the Obs’d. Calc’d.
KCI 
NaCl 
HCl
AgNOj
àZnCI,
KOH

Note.—The “ observed ” molecular conductivities are from a paper by 
Kohlrausch ; the “ observed ” transport values are from Hittorff’s work.

This theory of ions, though admirably adapted to explain the 
phenomena of electrolysis, was looked on askance by the great majority of 
chemists, whose ideas of the true nature of things were inexpressibly 
shocked by the idea of sodium atoms—with or without a “charge of

*OstwalJ. Lehrbuch II., 646 (in part).

+As the transport values vary markedly with the concentration of the solution, the 
following table of the relative velocities of the kations of a few common salts in 
“ normal ” aqueous solutions (which contain one gramme formula weight of the salt in 
one litre of the solution) will be of mole practical use in the calculation of electromotive 
forces—as will appear further on :

that •°5 «•Si
0.63
0.19

«S3
0.70
0.74

°5i
0.63
0.17
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TABLE 2. 

Ions.Salt.

Hydrochloric acid .
Sulphuric acid........
Potassium chloride..
Potassium sulphate.
Magnesium chloride 
Magnesium sulphate
Zinc sulphate..........
Cadmium chloride ..
Copper sulphate. ..
Silver nitrate............

(The values are taken from OstwalJ, Lehrbuch II.)

Relative Velocity of Ration _H_ 
u + v

II,Cl 0.82
0.82
0.48

s he . 2IIS.0. 
K,Cl 
2K,S04 

. Mg.aCl 
Mg,SQ4 

. Zn,S04 

. Cd,2CI 
. Cu,S04 

Ag.NO

«•5
0.26
0.25
0.28
0.26
0.276
0.50
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electricity existing in contact with a substance so violently acted on by 
metallic sodium as is water. The most they could allow was the 
existence of a few stray ions here and there, and one can easily imagine 
t te stir caused by a paper of Sv. Arrhenius,* who assumed that in a 
dihtfe common salt solution all of the salt existed in the form of sodium

in tli 
in t
salt
»+('
cules
“ too 
when 
ions i 
freezi 
and c 
Ther 
contri 
bet we

|

ions Na and chlorine ions Cl, and that in more concentrated solutions 
t e fraction of the salt in the state of ions was given by the ratio between 
t te molecular conductivities of the more concentrated and of the dilute 
solution, i.e., « being the fraction of the salt in the state of ions,

.;

h,.a— v
/'=o .............(8)

where ,ty is the molecular conduct ity of a solution containing 
gramme molecule of salt in the tot volume V ; and /<„ the lim 
value of the molecular conductivity in an extremely dilute solution.

i T
IONS AND OSMOTIC PRESSURE. fledget 

the lav 
in tern 
is conti 
law ”).

1'his hypothesis of Arrhenius suggested to van t’ Hoff, in answer to 
the question referred to page 230, that the dissociation products of sodium 
chloride (needed to explain the “abnormalities” in freezing point etc of 
its solution) might be none other than these very ions which were intro
duced in order to account for the phenomena of electrical conduction of 
the same solution ; and the fact, already mentioned, that the class of 
electrolytes furnished the most striking variations from the simple laws 
as to vapor pressure diminution, etc., served to render the assumption 
plausible from the first.

on

/
*Val

lures :
(1) S 

0-75 to o.
(2) V. 

charge, al
(3) A 

acids and 
and even I

If the molecules in a sodium chloride solution are not NaCl, but

Na and Cl, there are obviously twice as many of them present in a 
given volume of the solution as was thought, and a depression of the 
freezing point twice that calculated on the assumption of NaCl molecules 
is at once accounted for. Speaking generally, if one molecule of the 
electrolyte (as expressed by its chemical formula) give rise to m ions (e.g.,

of the salt
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Wie success attending this first venture at 
Hedged molecules, natuarally soon led to 
the law by which, in the case of 

•n terms of the con ntration. ' 
is contained in the uation ofC 
law

treating the ions as full- 
a second, viz,, an application of 

gases, the dissociation may be expressed

uldberg and Waaget (the so-called “Mass

nl na d,
Çj " C8 • Ca . .

= Const,C (9)/-----
'Value of a for ** 

tures :
(1) Salts of the alkalis, of 

0.75 to 0.8.

normal " solutions of various
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electrolytes at ordinary tempera-

monobasic acids, about 
charge' alZoX^’ ^ SU'Pha,e’ etC“ bating into two ions with double

acids'^dS^îSl^dToT/d ',aSe,S: £ Va'UeS al>0ut 0.8 for “s,ronc- 
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C being the concentration (gramme molecules per litre) of the undecom
posed substance ; C„ C„ etc., the concentrations of the various products 
of dissociation ; and n„ n„ etc., the number of molecules of each of these 
latter formed from one molecule of the original substance. For example,
in the case of phosphorus pentachloride, which on heating decomposes as 
follows :

niolcci
occupii

In
equatic
various

Pci5 = pci; + a

one molecule of phosphorus trichloride and one of chlorine being formed 
from one of phosphorus pentachloride, the G u Id berg and Waage’s 
equation takes the form :

(10)
that Mi♦

Concentration (PCI,) x Concentration (Cl,)
Concentration (PCI;)

of sodium chloride in solution into sodium

RtConst.. . .(11)
P- 234)

If the “ dissociation ” 
ions and chlorine ions

gram mi 
NaCl ;

+
NaCI = Na + Cl........................................

be subject to the same law, the following relation must hold good :

+ —
Concentration (Na) x Concentration (Cl) _

Concentration (NaCÏ)

or (from the definition of “ concentration ” given above)

(12)

which,

Const. = K (i3)

an equ: 
with the 
not onl 
molecul 
quantitii 
acid

+
M(Na) x M(C1)

M(NaCI)

where M(Na) denotes the mass of sodium ions expressed i 

Alcohol + Acid Ether + Water,
the change actually observed will be only the difference between the quantity of rlcohol 
and acid which are used up in the reaction, and the quantities that are re-formed by the 
reaction, and when equilibrium is reached, when no further change in the relative 
quantities of the four reagents takes place,

vi-va = KlC,C,-K9C8C4
or = R] _ ifcTc, K--k

Equation (9) above gives the relation in its most general form.

(I3a)

>

in gramme
for all n

and for 1
0=
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n-

molccular weights, and similarly with M(CI), etc. ; V is the total volume 
occupied by the solution, in litres.

In the special case that the solution contains but one salt, the chemical . 
equation of decomposition furnishes a relation between the masses of the 
various dissociation products. In the example selected, it follows from (12)

that M(Na) and M(CI) are equal, and (13,/) takes the form :

ts
se
e,
ns

:d +
:’S M’(CI) M (Na)

M(NaCI) ' M(NaCi)

Representing the fraction of the salt in the state of ions by « (as on 
P- 234)i then the one formula-weight of salt dissolved has given rise to u

+ —
gramme molecules of (each) Na and Cl and i — « gramme molecules 
NaCl ; so that (13/^) may be written

= KV (*3<*)

-)

= KV,■) I - a

which, on substituting for « its value from (8), becomes

A\
= KV. (13^)/*«,(/*« - At.)i)

equation connecting the molecular conductivity of the solution 
with the concentration of the dissolved substance, which obviously holds 
not only for the special case here considered, but also wherever 
molecule of an electrolytic substance gives rise on dissociation to equal 
quantities of two ions. This is true for all monobasic acids, eg., acetic 
acid

an

one

)

+
CH3COOH = (CH3COO) + H 

for all monacid bases, e.g., potassium hydrate
e

4
+1

KOH = K + (OH)

and for many salts, eg., silver nitrate and zinc sulphate
e
e

+
AgNO, = Ag + (NO,) 

+ + — — 
ZnS04 = Zn + S04

1

>
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3

M
BP
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rhe most recent triumphs, however, of the new solution theory have 
been in connection with calculations of the E.M.F. of cells. Previous 
attempts at such calculations had been made by H. v. Helmholtz§ and 
by Sir Win. Thomson} who, acting the assumption that all of theon

th«.*cml?wIm""*
lSV\^nh,"'"S' n,eirhBewichlsver'li>|tnisse *wi»chen Elektrolyten, Z. Ph. Ck.,

%f?. v. Helmholtz. Erhaltung der Kraft, 1817. 
ipzig, 1889.

til'. Thomson. Phil. Mat;., (4) 2, 429, 1851.

Ostwahfs “ Klassiker,” No. I,
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T he accuracy of this relation, and therewith the applicability to the 
case of dissociation in solution, of a quantitative law originally obtained 
for the dissociation of gases was immediately tested* by careful com
parison with the experimentally determined conductivities of over two 
hundred organic acids in solutions of varying concentration. The 
remarkable agreement between the experimental values and those calcu
lated by equation (13d) attracted great attention, and contributed largely 
to create confidence in the new theory of solutions. Since this time 
many other applications of the law of Guldberg and Waage to the case of 
solutions have been made with equal success. Of these but one need be 
considered here. A reference to equation (9) shows that if the concen
tration of any one of the dissociation products be increased (by addition 
f ont without), the quantity of undissociated substance in the solution
will also necessarily increase; thus the dissociation of the acetic acidt in 
aqueous solution

+
ch3co.oh=ch,coo+h

t
would be diminished by the addition of (a) any salt of acetic acid (/>., the

ion ( H3.CO.O), or (b) any “strong” (much dissociated) acid (/.#., H). Thus, 
speaking generally, the total number ol ions contained in the (separated) 
solutions of two substances possessing a common ion will be diminished 

mixing the solutions, and, hence, the specific conductivity of the mixture 
will be less than the average of the conductivities of the solutions before 
mixing. This relation, also, has been reduced to quantitative form, and 
tested by experiment, with satisfactory results.

ELECTROMOTIVE FORCES.
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To cl T "r l>ï Chemical ac,bn i" -he cell could 1* convenedto electrical energy, equaled the mechanical equivalent of the “ heat of 
react,on for the chemical change taking place in a given cell î„ .Î

theCE°M.R qU“n"tï °' eleC"'iCi,, "ansf",ed d"""8 these changes !n,°
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The results obtained from calculations based
taneo^l^'th^sciemL^'fthermodynamics^now^unde^oing'rapîd d

ment at the hands of Clausius and others tended to T*7 P'
on -hejhndatnenta, hypothesis
A period of thirty years, however, elapsed before „
attacked again from the more modern point of view ,s ,;le CmS. WC/C 
v. Helmholtz* 15 l,me> a8a|n, by

A large number of galvanic cells are “ reversible machines » in the

sars trr mpof rcurrent,! bn, the E.M.F. .hich must be opposed in order to'^Xe tltis 

but a*: infinitesimal aXunt *M °f - « -V
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s
Fig 3

Such a cell, for instance, is the combination

Amalgamated zinc | Zinc chloride solution | Mercurous chloride | Mercury

two of which are represented in opposition in Fie. 3. 
electrodes of one of the so-called “ calomel cells ”

d
e

i-

When the 
are metallically con-

*v. Helmholtz. 

♦Which, for instance,
Monatsbericht der k. pr. Akad d. Wiss. zu Berlin, 1877, p. 713. 

is approximately true in the case of the storage battery.
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nected. the zinc of the zinc electrode dissolves, forming zinc chloride 
with the chlorine of the calomel, while the mercury of the latter is 
deposited at the other (mercury) electrode. The E.M.F. at 15° C. of 
a cell filled with zinc chloride solution of s.g. 1.409 is 1.000 volts, 
and, if it be opposed by an external E.M.F. of any higher value, the 
zinc will oe precipitated on the zinc electrode and the surface of the 
mercury electrode will be attacked with the formation of calomel. .Hut 
although the decompositions produced in the cell by its own action 
are those expressed by the chemical equation

Zn + 2 HgCl = Zn Cl 2 + 2 Hg

there is, in addition, a change taking place which is not represented there, 
viz., an increase of concentration in the zinc chloride solution ; and if two 
“ calomel cells ’ be set up in opposition, as in Fig. 3, and a current pass in 
the direction of the arrows, this latter change is the only net effect of the 
operation ; for jud as much zinc is precipitated in the left hand cell (cell 
No. 1 ) as is dissolved in the other, and the quantity of calomel decom
posed in cell No. 2 is precisely equal to that formed in No. 1, the whole 
effect of the passage of the current being merely to increase the 
tration of the zinc chloride solution* in No. 2 and to decrease it in No. 1.

Th<
direct, 
certain a 
integral 
resultant 
any othe 
can be pi 
an expre 
of calcuk 

In t 
second n 
of directi 
over the 
zinc chlo 
centratior 
the E.M.

«

(•4)

It wil 
part of thi 
for the E. 
pressure 01 
this proble 
made by F 

Starlit 
obtained t 
isothermal 
process, he 
during the 
solution^ tc 
same result

concen-

APPLICAT10N OP THE SECOND LAW OF THERMODYNAMICS.

An apparatus, then, such as the one under consideration (Fig. 3) 
furnishes an electrical means of isothetmaliy and reversibly bringing about 
alterations in the concentration of a zinc chloride solution, and must 
require the same quantity of work to effect this result as would be required 
to effect the same result by means of any other isothermal reversible 
process ; otherwise these two processes could be combined (the first 
operating in one direction and the second in the reverse) to form an iso
thermal cycle, yet capable of supplying any desired quantity of work, the 
only source of which could be the heat of the surroundings ; a proposition 
directly at variance with the fundamental conceptions of the second main 
principle of thermodynamics, according to which a difference of tempera
ture is absolutely necessary in order that heat may be converted directly 
into work.
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*As there is solid calomel present in the cell, the concentration of the mercurous 
chloride dissolved remains constant.
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direct , .P/ l0n ,°f th,s theorem 10 the cases in point is simple and 
dtrect. rhe electncal work that mus, be done in order to bring about a
certarn alteration of concentration in the two electrolytes is obviously the
" uhTntele !" °f e,eClridty Passed trough the cells inn" the

resultant electromotive force of the combination at each instant : if then
any ot 1er reversible method be known, by means of which this same’effect 
can be produced, and if the work necessary in this latter case be known 
, exljress,on equating these two quantities of work* furnishes a means 

of calcula,,ng the E.M.F. of the cel. combination in question.
n the paper of v. Helmholtz before referred to, he selects as his 

second means of altering the concentration of the electrolyte the ,ne,hod
overTe " «qua. to its vapor tension
zinc chin rfU T 3nd thUS l>y exPressin8 the vapor tension of aqueous 
me chlor.de solutions of various concentrations in terms of these
hë E MF of WaS,eMab,ed t0 P"*™ ‘he remarkable feat of calculating 

the E.M.F. of an electncal battery from entirely independent data.
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Ti ll ELATION TO OSMOTIC PRESSURE.ile

It will readily be seen by those who have carefully read the earlier

preswetflhe dZ. '"d osZic

:£-ru
isothermal reversible
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system from one state to another by any
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same result ; that is,
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current and amount of chemicaln

of the distoWe^Lteîrnces iMe'pagez^!"8 kn°Wn functions °f ‘he osmotica-
iy pressures

l IV. Nernst. Elektromotorische Wirksamkeit de 

§As in the case of
r Ionen,Z. Ph.Ch., IV., 130, 1889. 

one gramme molecule from 
r p its value from equation

a gas, the work done in bringing «. 
pressure Pl to p, i,/J* pdv, froin which by substi,ming fc
(I) the expression in (15) is obtained.
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Ei =4.i8n,RT log. — 
I'2 (I5 Anoi 

pressure I 
afterward;

n, s *

Where
4.18 is the mechanical equivalent of heat (in Joules)
ni the number of gramme ions, contained in the solution of one g 

formula weight of salt.
Pi P" the osmotic pressures of the zinc chloride in cells (1) and 

(2) respectively.
ne the number of electrical equivalents represented by one atom of 

the dissolved metal (for zinc n„—2).
£ the quantity of electricity which on passing through a salt solution 

decomposes one gramme equivalent of the salt, viz.: 96,540 
coulombs.

R the E.M.F. of the combination.
T the “absolute” temperature.
R the constant of equation (1)

ramme

a

1 rodes are 
the electro 
may be an 
ference of 
amalgam 1 
ence of the 
solution in

RT = aT cal.
Whence

voltsir = 4_i8 (»5«)T log. - £ B P*

or collecting the constants and substituting Briggs’ logarithms for natural

ni P,* = 0.0002- Tlog.I0^
“e P2

volts (is*)

I his quantity tt, the electromotive force of the combination an equatior 
the osmotic 
(1) and (2)

repre
sented in Fig. 3, is, evidently, equal to * , - tt „, the difference between 
the E.M.F. of cells (1) and (2). If the concentration ofthe solution (and, 
therefore, the E.M.I.) of cell (2) be kept constant, while that of cell (1) is 
arbitrarily varied, then the E.M.F. of cell (1)

n,
TT , — TT + rr 2 =0.0002 — T log.,0 pt +(*„ - K) volts, («y) in which Bj

Pi
zinc in the 1 
unity by exj 
cury.

0.0002 —■ T log.lo p2)(Where K=the constant quantity

and as the osmotic pressures are, at all events in dilute solutions, propor
tional to the concentrations, this expression shows the relation between the 
E.M.F. of a cell and (1) the concentration and (2) the state of dissociation 
of the electrolyte.1

* V. v. r 
also G. Meyer 
477. 1891.
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Another example of the-facility with which the theory of osmotic 
pressure lends itself to the solution of problems of this nature 
afterwards furnished by V. v. Tiirin.*

»5

was shortly 
In the case of a cell whose elec-

Tie

nd
Zn Ss/t So/:n

of
Cone! I Dilute

Zn AmalgamOil

40

Fig 4

.I"' " r.T 1 Z'nC an,al*!"n of concentration, (Fig. 4,
the etetroSte betttg the solution of a zinc ,bc elecontotiee force 
may be arrived at by setting the electrical work gained during the «J. 
fere c= of an elementary mass of zinc from ,h= stronger .0 “he VeTlter

ined ,,r i,s

solution in

«)

more concentrated to its more dilu eal mercury ; or,

(à) nt. * » = 4.i8 n,RT log. El (16)
P-j

ZT'i,°" ,dC",iCal in/°™ “i,h <'$>■ but in which p, and p„ represent the osmot.c pressures of the zinc in the zinc amalgam electees of cell 

(1) and (2) respectively. Whence, as before,

e-
;n
i
is

- T log.mPi volts.
ne |),

in which Hi may be set equal to "i, the ratio of the concentrations of the

zinc in the two amalgam electrodes ; n,= 2 ; and n( has been found to be
unity by experiments on the freezing point of solutions of zinc in 
cury.

T = 0.0002 (16(7)

It)

k

mer-
ir-
îe
Ml
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V
ff=0.000ï T log.,„ volts (17)

as the electromotive force of the combination in question.

INDIVIDUAL ELECTROMOTIVE FORCES.

This last example leads directly to a consideration of the cases in 
which an E.M.F. is produced through the contact of two electrolytes.!

•Simultaneously with the reversible motion of the ions under the influence of the 
electrical forces, there takes place a non-reversible diffusion through the siphon, tending 
to equalize the concentration in the two cells. Owing to the comparative slowness of 
the diffusion, however, the effect produced by it during the small time necessary to make 
an E.M.F. measurement may lie neglected.

ztrTOOfx

4;"tI

KdlhoaeAnode

Dilute Siker SeH Sol■ Cone‘ Silui jon %■

Fig 5

electrolytes (through a siphon)* instead of by means of the mercury 
electrodes and metallic connection of the latter. Under these circum
stances, while one equivalent of silver is dissolving at the anole, the 
quantity

u
u + v

pisses through the siphon towards the kathode, and the resulting increase 
of concentration in cell (1) is only

vu
1 U + V U + V

with which factor the expression (15/') must be multiplied, giving

SOLUTIONS.244

The case of the combination represented in Fig. 5 is of peculiar 
interest. This, as will be observed, differs from the arrangement in F'ig. 
3, in that the circuit is completed by direct communication of the

While a 
moleculat

(Fig- 6),

(2). Sup

cell (2), t 
cylinder a

but during

the (dilutt 
ence coul 
expenditui

a gain, on

which, as i 
be set equ 

From 
the lvM.F

•Silver 
Ug, zinc) tl 
E.M.F. at tl

where n is tl

<

X

1

i

■>

„ni
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"Silver is selected as the type of a monovalent kation ; for divalent, etc., kations 
?!nc> 'p '"imiilæ are some hat more complicated. The general expression for the 

fc. M.r. at the contact of two solutions of the same salt of different concentrations is
u v V

m RT
' T

n
pi = m

0.0002 T log.,,, -1t = (i8d)u + v U + V

■where n is the valency of kation, m that of the anion.
Pv

TOT
/ zvv

Cone? Electrolyte Dilute ChcVdyte

fig 6
cell (2), this transference would yield (in reversible osmotic piston and 
cylinder apparatus) the work

4-18 — ntRT log.-Ei 
u + v Pi

Imt during the same time the quantity _L_ 0f the anion has gone from
u + v

the (dilute) cell (i) to the (concentrated) cell (2); which second transfer- 
could be effected by the osmotic pressure apparatus only by the 

expenditure of the work
en ce

4.18— n, RT log. El 
u + v Paa gain, on the whole, of

4. ,8 u—y RT log. El 
u + v p,

which, as all processes here considered are isothernml and reversible, 
be set equal to the electrical work

from this relation it follows, collecting constants, etc., as before that 
the E.M.F. in the siphon*

may
n. £ «T.

11 - v ... . p.
u + v 1 log-m p. voltsX — 0.0002 (.8)

ury
iim-

the

ase

17)
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. W bile a quantity of positive electricity corresponding to one gramme 
molecular weight passes through the siphon in the direction of the arrow

(big. 6), the quantity —E_ of the kation moves out of cell (1) into cell

(2). Suppose the solution in cell (1) to be more concentrated than in

245
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246 SOLUTIONS.

an expression of very considerable interest, furnishing, as it does; the first 
example* of the calculation of an “ individual ” E.M.F. For it will be seen 
that rr in equations (15c), (16a), and (17), referring to Figs. 3, 4, and 5, is 
the algebraic sum of several of such “individuals”; for instance, the E.M.F. 
of the cell-combination represented in Fig. 3 is the resultant of:

(1) EMF between zinc and electrolyte in cell (1).
electrolyte and mercury in cell (1). 
mercury and (platinum) wire in cell (1). 
platinum and mercury in cell (2). 
mercury and electrolyte in cell (2). 
electrolyte and zinc in cell (2). 
zinc and wire in cell (2). 
wire and zinc in cell (1).

(7)

(8)

Professor M. Planck (Wied. Ann., xl.. 561, 1890) has deduced a formula for the stil" 
more general case, where the two solutions contain a number of different electrolytes 
which are not necessarily the same in each. The equation

77 = 0.0002 T log. x ..

runs :

(18»)
in which x is defined by the relation

xUj-'u, _ loe-
vi ~xV, ” c,

•°g- ç + log. X

- log. x XC., - c, 
c3 —xc,

and U = up + u1p1 + .... V— vq+- vtq1 + ....
u, y, p, and <| being the velocities and osmotic pressures of the various kations and 
anions, and the quantities U, and V, referring to one of the solutions, U3and V2 to the 
other, c, and c2 are the total concentrations (gramme molecules per litre) of all positive 
ions in the two solutions respectively.

The formula has been applied to calculate the E.M.F. between two equally :::: 
centrated solutions of different electrolytes. The values are mostly small, as may be seen 
from the following examples :

con-

Normal soluiions of 
HCl, KC1 
KCI, NaCl

a- obs’d. 
0.0285 
0.0040

77 calc’d. 
0.0282 
0.0052

‘Historically, the first individual E.M.F. to be determined was that existing at the 
contact of two different metals. It was calculated, at Edlund’s suggestion, by equating 
the heat given off (or absorbed) per second at the junction while a current passed to the 
product of current and P,M. F. at the junction. Electromotive forces of this nature are 
usually very small, as may be 
the following metals against copper :

from the annexed table, giving their value in volts forseen

Table 3.
Antimony—0.C060 
Iron —0.0031
Cadmium—0.00061 
Zinc —0.00044
Bismuth +0.024

The table is taken from Ostwald, Lehrbuch, II., 919.

Of th 
opposite s 
of comput 
(6), which 
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E.M.F. of 
other word 
déterminât 

The ii 
of some 0 
the methoc 
theorem of 
of mercury

(Fig. 7) be 
bichromate 
so as to ti 
becoming n 
phenomeno 
about by an 
concluded 
which is inc

• Ostwald, 
“ Lehrbuch,”

Ln
 A 

K
>



first
ten

is
LF.

:on-
»ecn

the
ting
the
are

s for

SOLUTIONS.

Of these, Nos. (3) and (4) are obviously equal in magnitude, but of 
opposite sign, and the same is true for Nos. (7) and (8). The possibility 
of computing the values of the remaining quantities (Nos. (1), (2), (5), and 
(6), which represent, in each case, individual E.M.F. between metals and 
electrolytes, has now to be considered.

•247

E.M.F. BETWEEN METALS AND ELECTROLYTES.

It will be readily seen that no process of addition or subtraction of 
the E.M.F. of various cells will lead to the desired quantities. If, on the 
other hand, the total E.M.F. of the cell No. (1) (Fig. 3) be known, and, in 
addition, the individual E.M.F. between the mercury and the electrolyte, 
then that between the zinc and the electrolyte can be determined by sub
traction ; and that similarly by measuring the E.M.F. of suitable cells 
having mercury (with calomel) for one electrode, any other individual 
E.M.F. of the kind under consideration may be at once determined ; or, in 
other words, that a knowledge of one such individual renders possible a 
determination of all the rest.

The importance, then, of arriving, by some means, at a measurement 
of some one individual electromotive force of this nature is apparent : 
the method suggested is due to the development, by Prof. Ostwald,* of a 
theorem of H. v. Helmholtz respecting the alteration of the surface tension 
of mercury by an electrical charge. If a drop of mercury in a watch glass

J Iron Wire 

Dr! USQ,
DU HSQ,

Figt
(Fig. 7) be covered by dilute sulphuric acid (to which a trace of potassium 
bichromate has been added), and an iron wire be passed through the acid 
so as to touch the mercury, the latter will at once contract, the drop 
becoming more rounded and its surface correspondingly less. That this 
phenomenon (increase of the surface tension of the mercury) is brought 
about by an alteration of the electrical condition of the mercury may be 
concluded from a modified form of the experiment, the apparatus for 
which is indicated in Fig. 8.

*Ostwald. Lehrbuch, II., 931, 1893 (first published in the first edition of the 
“Lehrbuch,” Vol. II., p. 487, 1887).
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As t 
versa, in\ 
effected \ 
mercury : 
than 2 vo 
produced 
acid colle 
electrosta 
the surfac 
theory of 
of an ext 
apparent 
volt is the 
phuric aci 
chloric a< 
against a 

If v. 
accepted, 
electrolytt 
of their sc 
ing table 1

This consists essentially of an upright tube, drawn out to a capillary 
at one end and filled to a certain height (depending on the diameter of the 
capillary) with mercury, which does not, however, fall through, being sup
ported by reason of its surface tension at the meniscus. Electrical con
nection is obtained by means of the wire A, and the tube so prepared dips

T_'r' Meniscus C
m

t

n§Dit. H.SQ,

B

Fig. 8

into a beaker of dilute sulphuric acid (one part of acid to six of water). 
By means of this apparatus any variation of the surface tension of the mer
cury at C may be very readily observed ; an increase causing the meniscus 
to rise in the tube, a decrease to lower. It has been observed that the 
application of an external E.M.F., raising the potential of A relatively to B, 
causes the meniscus to fall ; if, on the other hand, the potential of B he 
raised with reference to A, the meniscus rises until the potential difference 
reaches 0.97 volt, after which any further increase causes it to fall.

■ "s

Meniscus

:■£
H'SQ,'

I
The i 

have a prc 
same impc 
weights to 
form of th

ng 9.

H. v. Helmholtz’s explanation may be understood by a reference to 
Fig. 9, which represents a magnified image of the meniscus C of Fig. 8.

*H. v. Helmholtz. Gcsammelte Abhandlungen, !.. 855 and 925, originally published 
in Med. Ann., VII., 337, 1879.
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SOLUTIONS. 249

As the passage of electricity from mercury to sulphuric ac!d, or vice 
versa, involves the decomposition of the sulphuric acid, which cannot be 
effected with less than about 2 volts, the surface of separation between 
mercury and electrolyte under the conditions of the experiment (E.M.F. less 
than 2 volts being made use of) acts the part of a dielectric, and the charges 
produced by the (individual) E.M.F. between the mercury and the sulphuric 
acid collect on the two sides of the meniscus, as in the case of an ordinary 
electrostatic condenser. The presence of this charge tends to increase 
the surface of the mercury, /.<?., decreases the observed surface tension (cf 
theory of gold leaf electroscope), and a removal of the charge by 
of an external E.M.F. of opposite sign and equal intensity will cause the 
apparent surface tension to reach a maximum. The observed value 0.97 
volt is then the positive potential assumed by mercury in contact with sul
phuric acid of the strength employed. Similar measurements with hydro
chloric acid as the electrolyte give+ 0.560 for the potential of mercury 
against a solution of 36.5 grammes HC1 in a litre of water.

If v. Helmholtz’s theory of these electro-capillary phenomena be 
accepted, it furnishes the first individual E.M.F. between a metal and an 
electrolyte; the E.M.F. of other metals in contact with normal solution 
of their salts (calculated as indicated on page 247) are given in the follow
ing table (for a temp, of 150 C):

means

Table 4.*

Magnesium—1.22 Volt 
Zinc —0.51 
Aluminium—0.22
Cadmium —0.19 
Iron —0.06
Lead 
Copper 
Mercury 
Silver

+ 0.10 
+ 0.60 
+ 0.99 
+1.01

The accurate determination of these values (those given in the table 
have a probable error of about one or two hundredths of a volt) is of the 
same importance to electrochemistry as is the determination of the atomic 
weights to analytical chemistry ; the table itself is the modern quantitative 
form of the old “ Electrochemical Series ” of Volta.

*Oshuald. Lehrbuch, II., 946, 1893.
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As the individual electromotive forces of all ordinary voltaic batteries 
occur at the junction of

(a) Metal with metal ;
(/>) Metal with electrolyte ;
(<•) Electrolyte with electrolyte,

it is possible from the data given above to calculate the E.M.F. of a large 
number of cells. For example, in the Daniell’s element, the total E.M.F. is 
made up of

(1) Zinc-Zinc sulphate solution.
(2) Zinc sulphate solution - Copper sulphate solution.
(3) Copper sulphate solution - Copper.
(4) Copper - Zinc.

(1) Of these the first depends on the concentration of the zinc sul
phate solution. If this contains 161 grammes Zn S04 per litre (“normal 
solution”), the E.M.F. will be 0.51 volts with the zinc negative [Table 4], 
which number will be greater if the electrolyte be more dilute, and 
versely. The quantitative relation is given by equation ( 15^-) :

tt = 0.0002— T log.,0c + constant

Addit 
15JC. oft

Zinc I

and the efl 
electrolyte!

In coi 
practically 
quoted wh< 
lyte (in the 
largest tern

con-

whose E.N 
value for i 
depends 01 
silver nitra 
solution it 
that substa 
dissolve is 
p. 238). \
is simply 1 
tration is gi

n.

(c being the concentration of the zinc sulphate in solution) the change 
in value of variable term on the right-hand side being obviously 
the quantity in question. Thus, diluting the electrolyte with an equal 
volume of water would change the E.M.F. to

0.51 +0.0002 x LÎ5 x (2734-15) log.,02 = 0.51 4-0.0108 
2

or about 0.52 volts, the zinc negative, as before.

(2) The second, on account of the approximate equality of the 
velocities of copper and of zinc [Table 2], will be negligible if the copper 
and zinc solution has the same concentration ; if not, its value may be 
obtained from equation

(3) The third is similar to the first, for normal copper sulphate 
solution amounting to 0.60 volts, the metal positive ; increase in 
tration of the electrolyte increases this value, and conversely, according to 
the equation ( 15c), just quoted for zinc sulphate.

(4) The value of the fourth E.M.F. is given in Table 3. It may be 
neglected in comparison with the others, being less than the thousandth of 
a volt.
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■ies Addition of these four quantities gives 1.11 volts as the E.M.F. at 
i5 v C. of the cell

Zinc I Normal zinc sulphate | Normal copper sulphate | Copper.

and the effect on this quantity of alterations in the concentration of the 
electrolytes may be calculated as described under heads (i), (2), and (3).

rge
. is

“ ABNORMAL ” E.M.F,

In contrast to the case of the Daniell’s cell, where the total E.M.F. is 
practically the sum of the two individuals of Table 4, examples may be 
quoted where the allowance for difference in concentration of the electro
lyte (in the case just calculated a mere correction) constitutes by far the 
largest term. Such, for instance, is the case in the combination*

Ag I 0,1 normal AgNO;, | normal KCI | AgCl | Ag,

whose E.M.F. has been found to be 0.51 volt. This comparatively high 
value for a cell whose two electrodes are formed of the same metal 
depends on the fact that the osmotic pressure of the silver ions in the 
silver nitrate solution is very considerable ; while in the silver chloride 
solution it is extremely small, both on account of the slight solubility of 
that substance, and because the dissociation of what silver chloride does 
dissolve is much reduced by the presence of the potassium chloride (see 
p. 238). When the cell is closed, the effect of the passage of the current 
is simply to remove silver ions from that solution in which their concen
tration is great to that in which it is small, and the E.M.F. of the cell will be

ul-

aal
4],
jn-

ge
sly
ial <<

c
7T =0.0002 T log.,„—!

Co
he

Where Cx, the concentration of the silver ions in the AgNO„ solu
tion, may be set (assuming complete dissociation) 0.1 ; while C2, their 
concentration in the silver chloride solution, which, in the absence of 
potassium chloride, has been found! to be approximately 1.1 x io~s,

>er
be

ite
:n-

’IV. Nernst. Thereotische Chemie, Stuttgart, 1893, p. 569.

tKohlrausch and Rose, Loeslichkeit schwer loeslicher Koeiper,Z./Vz. Ch., XII., 234, 
1893, have estimated the solubility if silver chloride in water by determining the elec
trical conductivity of its solution, and calculating m (the quantity of salt dissolved) from

+ -
the known velocities of the ions Ag and Cl by means of the equation :

Conductivity m = (u + v). See page 232.
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is reduced by the presence of that salt to (i.i x io-5)*=i.2I x io~10.. 
Substituting these values, the calculated E.M.F. of the silver cell at 
15° C is

co-efficient1 
in mixed sa 
common ex 
Action at 
searching a 
instrument, 
experiment; 
genius of F

- 0.0002 X 288 X Iog.,0(l.2I X I0~°) = O.52 VOltS77

a result which agrees sufficiently well with the observed value 0.51 volts.
An analogous explanation may be offered for the “abnormal” 

behavior of silver in a solution of silver potassium cyanide.* In a cell of

Silver | Silver-potassium cyanide | Lead nitrate | Lead
I desir 

L. Miller ai 
ing this pafnot only does the E.M.F. observed bear no apparent relation to that of 

silver against lead in a solution of their nitrates, but its very sign is 
changed ; and whereas in the latter case the lead is negative with reference 
to the silver, in the cyanide cell it is the silver that dissolves. “Abnormal” 
cases

*For mai 
in this paper

iW. Hit 
H. Freudenbe 
Chem. Ges.,

such as this, which have contributed largely to the overthrow of the 
older electrochemical theories, and which seemed to argue against the pos
sibility even of a definite order for the metals in the “Electrochemical
Series,” may, by means of the methods explained in this paper, be brought 
under the same category as the others, and their E.M.F. may be calculated 
without the introduction of any new hypotheses.

In this paper, an endeavor has been made to show how the intro
duction of the conception of “osmotic pressure ” in conjunction with the 
first and second main principles of thermodynamics has led to the evolu
tion of a theory of solutions, which includes a quantitative account of the 
relations existing between phenomena so diverse as are the vapor tension, 
freezing and boiling points of solutions, their electrical conductivity, and 
its dependence on dilution, and the alteration in their concentrations pro
duced by the passage of a current, and which lends itself to the solution 
of problems in connection with the E.M.F. of various voltaic batteries in a 
manner as accurate as it is simple and straightforward. It must not be 
supposed, however, that more than a mere sketch of the subject has been 
attempted, or that even the points of contact between the new theory and 
the electrical phenomena have been extensively reviewed ; the temperature

XM.Lel 
299, 1891.

g W. Osh

?z

:
'Such a solution contains extremely few Ag ions. See Leblanc and Noyes, Ueber 

vermehrte Loslichkeit, Z. Ph. Ch., VI., 397, 1890. 
the form
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o-0.. co-efficient* of the E.M.F. of cells, electrical conduction and electrolysis!, 
in mixed salt solutions, the phenomena of galvanic polarization J, and the 
common experiments^ grouped by Ostwald under the title of “ Chemical 
Action at a Distance,” have been, and are at present, subjected to a 
searching and successful investigation by the aid of this modern scientific 
instrument, the product of a fortunate combination of wide-reaching 
experimental generalizations with the rigid laws of Energetics—of the 
genius of Faraday with that of Clausius.
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I desire to take this opportunity of expressing my thanks to Dr. VV. 
L. Miller and Mr. T. R. Rosebrugh for much valuable assistance in writ
ing this paper.t of 
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lal” *For many cases this may be determined by the differentiating formulae for ir given 

in this paper ; for example, equation (15#).

ilV. Hittorff. Pogg Ann., ciii., 45, 1858 (Electrolysis of mixture of K Cl and KI). 
H. Freudenberg, Neues Prinzip der Elektrischen Trennung von Metallen : Her. d.deutsch. 
Chem. Ges., 1892, 2492.

til/. Le Blanc. Die Elektromotorischen Krafte der Polarization, Z. Pi. Ci., VIII , 
299, 1891.

$IY. Ostwald. Chemische Fernewirkung, Z. Pit. Ch., VIII., 541, 1892.
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