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‘ ontamu a full report of the Fourth Convention
of the Canadian Electrical Association.
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CANADIAN ELECTRICAL ASSOCIATION

PROCEEDINGS OF THE FOURTH CONVENTION.

THE fourth convention of the Canadian Electrical Association
opened in Room 310, Board of Trade Building, Montreal,
at 11 o'clock a.m. on \Wednesday, Sept. tgth, 1894. Mr. J. J.
Wright, the President of the Association, occupied the chair.
Amony those present were the following .—

L. B. McFarlane, W. B. Shaw, Jo' un Carroll, D. A. Starr,
Fred. Thomson, G. W. Sadler, Geo, M. Wight, Hial Brown,
Chas. C. Paige, W. G. Slack, Robt, F. Jones, W. B. Powell,
F. \V. Atkinson, E. B. Biggar, Geo. H. Hill, Jas. Hunter, Jas.
Geen, Montreal ; K. J. Dunstan, A, B. Smith, C. H. Mortumer,
W. A. Tower, T. R. Rosebrugh, John Langton, Wi, Boume,
J. A. Baylis, A. M. Wickens, J. C. Gardner, Geo. White
Fraser, Toronto; J. E. Brown, D. H. Keeley, O. Higman, C.
F. Medbury, D. C. Dewar, Otutawa; W. R. McLaughlin,
New York; Geo. Black, W. F. McLaren, Robert Dickin-
son, Hamilton ; J. W. Taylor, \V. P. Roper, Peterborough ; A.
A. Wright, C, H. Wright, W. A. McKay, Renfrew ; R. G. Moles,
Arnprior ; Chas. A, Bissett, St. Johns, Que.; E. Carl Breithaupt,
Berlin; Chas. F. Ernst, New Hamburg, Ont.; John Yule,
Guelph ; J. M. Campbell, Kingston; Andrew E. Sangster.
Shergrookc.

Mr. Thomas D. Lockwood, Advisory Electrician of the
American Bell Telephone Co., Boston, and Mr. F. S, Fran.
cisco, President National Electric Light Association, of Rut-
land, Vermont, were among the wisitors.

The chairman in opening the meeting said: I may cxpress
the pleasure it gives me to meet the Jarge attendance present
at this the opening session of the Convention. I am glad to see
we have some of the electrical fraternity with us from the United
States, and am happy to give them a most hearty welcome,
and at the same time 1 might mention our meetings are open,
and we will be glad 1o have our visitors take part in the discus-
sions that are cxpected to take place on the reading of the
various papers. | have to congratulate the Association on the
pavers we have had prepared by a number of vur members.

The Secretary then read his annual report as follows :

SECRRTARY-TREASURER'S REPORT.

In view of the cxcet(linst;ly full programme which awaits your atten-
tion, I am reminded that I should make this report as brief as possible.

The Association year, which closed on the 3tst of May last, wasa
comparatively uneventful one, aiml from the Convention heldin Toronto
a year ago, which was admittedly the most interesting and enjoyable of
any that had been held up to that date, but which I trust will beeclipsed
by this in which we are now _ssembled.

Three meetings of the Exccutive Committee have been held since the
last convention, At the first of these, which took place on the 24th of
November last year, payment was ordered of the accounts in connection
wi'yy the Convention, the details of which are given in the Treasurer’s
report ; several new members were clected ; on motion of Muessrs.
Black and Smith it was resolved that new members f’oining the Associa-
tion in the interim between two annual meetings will be entitled to mem-
bership until the close of the cnsuing annual meeting, at which time
their membership fees shall again become due.

At an Exccutive meeting held in Toronto on the 15th of May, Mr.
W. B. Shaw was clected a2 member of the Executive Committee in the
stead of Mr. D. Thomson, whose removal tothe United States rendered
necessary his withdrawal from the Committee. The preliminaries in
connection with the arrangements for the present Convention were con-
sidered and the Secretary instructed to invite papers from the fellowing

entlemen :-—Messrs. Rosebrugh, Breithaupt, [;:ukct, Shaw, Galt, Mcd-
ury, Langton, Schwartz, Baylis, Pinolet, Fred. Thomson, Keeley.

At the final meeting of the Exccutive held on June 25th, the consent
of alt but three of the gentlemen invited to prepare papers was received.
Messrs. Parker, Thomson and Medbury felt compelled to decline. It
was decided that the Convention should be held in the huildingin which
we arc now assembled, and that the Montreal members of the Execu-
tive, the President and Mr. Kammerer be a Commitsee to complete ar-
rangements.  On motion of Mr. Dunstan a sum not exceeding $100
was placed at the disposat of the Committee for expenses.

Sulbs:qucnt to this mecting the offer of a paper was received and ac-
cepted from Mr, Elmer A. Sperry, of Cleveland.

You will T am sure be quick to recognize the value of the papers which
are to be submitted at this mecting, and the obligation under which the

Association is placed to the authors, who, I wm personally aware, have
sacrificed time and comfort in their desite to advance the interests of the
Association,

The number of active members at present on the roll of the Associa-
tivn is 99, and of associate members 38.

The sugi:cslion has come from a pumber of our members that a reduc-
tion should be made in the active membership fee. It is thought that
the efiect would be to increase the number of members.  The sugges-
tion will no douht meet with proper consideration at this meeting, It
is hoped that as a consequence of this Convention being held in Mon-
treal, which is recognized as the electrical center of Canada, the Asso-
ciation will seceive many additions to its membrership, especially fiom
the ranks of the local Electric Clubs, and the Societies of Civil and Sta
tionary Engincers.

The following is a statement of the receipts and disburse:nents for the
Association year ending 31st May, 1894 :—

Receipts.
Cashonhand, June ast, 1893...... .. ....... .. ... .. $ 630
Cashinbank, “* 7 i 97 18
63 active members'fees. ... e e e 3t8 w0
26 awociate members” fees. ... .. e e e e $2 ao
1l. M. Camiplrell, to cover exchruge ot theque ..., . . 13
adies’ tickets to Niagarma Falls... . .00 ... ... .. 8 vo
. $418 63
Disbursements.
Expenses of Convention at Torunta,
Lunchesat Cliff House. .. .0 ooiiiiae. o oL, $27 30,
Dinneron Chicora. ... ....oees .o il 37 o,
J. A, Kammersr expenses incurrad for Aveo.
. cation........... ..o, 435 $38¢
Reporting proceedings of Convention... . .ce. 26 80
Crantlo SeCretary.cooieer ciiiiiiieniin ¢ oviiin teaienaa. 33 oo
Postage . F 22 oo
Printing and stationery. . .. . 63 oo
Receiptbooh ooovvn o0 ciiis o L0 oL L 35
Exchangeoncheques oo.veae o il Lol 75
Refund to W. A. Green for dinners at Chiff House...  ...... 150 $208 1§
2 8
June 11, 1894. $213 4
Cashonhand....... e e e e . 23 30
Cashin Merchams Bank ... . . ... ... ... 250 18 $273 48
Totalcash an hand, June 1st,3804.. ... . $273 48
Receipts sin  June 1a1, 1894,
7active members'fees ... . . $ 35 00
2n\§0<lalc members' fees .oooee ool Ll Ce e 6 w0
Japt. Carter....... . ... 2 s0
D Robertson covvvvnes c 0 on i, tw
N $4
Expenditure since Junesst, 894.. ... ... L.l 1; ’33 27 46
Total cash on hand, September 1Sth, 18¢4 $300 g4

C. H. MORTIMER,
X Sectetary-Treasurer.
Audited and found correct~ Scpt. 19, :8§,l..

DA STARR

I B McFARLANE

Moved by Mr. McFarlane, seconded by Mr. A. . Smuth, that
the report b received and adopted. Carried.

There were elected ten active and five associate members.

Mr. J. J. York, Piesident of the Canadian Association of
Stationary Engineers, vead an address of welcome from bis
Association to the members of the Canadian Electrical Asso-
ciation.

The President for the Association thanked Mr. York for the
kind welcome from the C.A. S. E,, and extended to that Asso-
ciation an invitation to take part in the deliberations of the
Convention.

Mr. York thanked the President for his kind invitation to the
Stationary Engineers.

Mr. Dunstan : Before calling on the committees to report,
Mr. President, I want to call attention to the fact that we have
with us Mr. Thomas D. Lockweod, of Boston, Mass., the Ad-
visory Electrician of the American Bell Telephone Company,
whose name is well known to almost every member present. He
is one of the eminent elect::=ians of America, a walking library
of electrical knowledge. [ find in Article 3 of our Constitution
we have the power to elect by a two-thirds vote honorary mem-
bers. So far we have never exercised that power. 1 have much
pleasure in praposing that Mr. Thos. D. Lockwood be the first
honorary member.

Mr. John Carroll seconded the motion, which was carried
unanimously.

Mr. Lockwood : Mr. President and members of the Associa-
tion—For the first time in my life iy breath has been taken
away by the action of my brothers. It is a great pisasure to

Auditors,
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we, indeed, that m mv travels in scarch of recreation | hap-
pened 1o reach Monteeal on the occasion of your mecting here,
and | feel it & great prvilege and honor, not simply to be made
an honmary member of your Association, which in its2lf is a
great honor, but to be actually the firstone. \Vhen my friend Mr.
Dunstan nominated me just now, mentioning that 1 was a watk-
wmy hbraty, the word Iibrary was indeed i great relief to me, for
when he spoke | thought he was going to say I was a walking
delegate, whieh 1 assure you | am not. (Laughter and ap-
planse.r 1 must congratulate you on the eclecticisin of your
rrogr:unmc. Unul afew vears ago the knowledge possessed
by physicians and inedical men as to the application and use of
clectnieity was largely of the negative kind.  That is so no
fonger, and it 1s a matter, 1 think, that the entire fraternity may
regmee an, that medical electricity is made equally important
with every other branch of the :Ipp{icd science, and looking over
your programme 1t scems to me that the papers which we are
about to hear read will be of great use to every one of us, and
1 trust on behaif of myself, as well as on behalf of the members
about me, that the discussions will be cansiderable and that
cach paper will be tharoughly and practically discussed. 1 once
more thank you for the honor you have conferred upon me.
Applanse).
GENERAL BUSINESS,

It was moved by Mr. K. J. Dunstan, seconded by Mr, A, B,
Suuth, that the word “tive ™ in the sccond Jine of Article § of
the Constitution be struck out and the word * three” substituted,
and that thes reduction in active membership fee date from the
1st of June, 1894, the Sceretary being instructed to refund two
dollars to all members having paid 35 for yearly subscription
fiomn that date.

Mr. Dunstan read from Article 9 of the Constitution referring
to this pont.

Mr E. Carl Breithaupt moved, seconded by Mr. Kammerer,
that Messis. Snuth, McFadane and Dunstan be appointed a
Committee to take the matter in hiand.  Carried.

Moved by Mr. A, B. Smith, seconded by Mr. Kammerer, that
all previous committees be dispensed with, and that committees
be nominated by the President on Legislatio.,, Statistics, and
Constitution and By-laws. Carried.

The Presidem eead a communication from My, Cunningham,
Cluef Enginecr of the Montreal Street Railway Co., extending
an anvitation to the members to visit the power house of the
company.

It was arranged that a visit should be made there at 2 pm.
onthe following Frday.

The President read a cammumcation from Mr. Paige, mana-
ger of the Packard Lamp Co,, inviting the Association to visit
the Queen's Theatre this evenmng.

At twelve o'clack noon the President declared the meeting
adjourned to 2 pan,

AFTERNOOX SESSION.

At 2 p.m the Fresident took the chair and called the meeting
to order.  He then appornted the following committees :

On Statstics Messrs, 5. Carl Breithaupt, Berlin; John
tangton, Toronto ; John Galt, Toronto.

On By-laws and Constitution--Messrs. J. J. Wright, J. A.
Rammerer, A. M. Wickens, A. B. Smith and K. J. Duastan,
all of Toronto.

On Legisiation - Messrs. J. Berkeley Powell, Ottawa; L. B.
McFarlane, Montreal ; John Yule, Guelph.

These nonunations being put to the n ~ting, were adopted.

The President called apon Mr. W. B. Shaw, of Mantreal, to
read a paper an “The Application of Electricity for Medical
and Kindred Purposes from Light and Power Circuits.,” Mr,
Shaw dlustrated his paper with a teansformer.  (See page 1235.)

Mr. Black . 1 have tistened to the paper read with great n-
terest. There 1s one point which the reader of the paper did not
make clear winch ! would like 10 have cleared up, because it
would not o to o to the public as the opinion of this conven-
tion that this current used by doctors is perfectly harmless or is
without danger, About fifteen months ago 1 read a discussion
w the Elecinieal World on this subject, and 1 agree with Dr,
Waite, who took the ground that it would not bericht for a doc-
tor to employ a current coming from outside, because a wire
maght come nto contact wath a current of fifty or one hundred
volts, or possihly come 1n contact with a thousand or two thou-
sand volt wire.  The person who took the other side of the dis-
cusston suggested that a fuse wou'd remedy that, but we must
bear in mand that a fuse takes tume to act and the mischief
would be done before the circuit 'vould be opened, and on the
other hand a sudden opening ot the circuit s someidmes dan-
gerous to the patient.  The view of the writer of that article was
that it was both dangerous to the doctar and dangerous 1o the
patient, and that no doctor should take such a risk upon his
hands. \When we cousider also that others besides educated
medical tnen aze tabbling inthese things, if it bacame known that
evervbody who hiked could dabble with the current that comes
into is house, it would be rather dangerous. 1 would like if
Mr. Shaw could tell us what precautions should be taken in
such cases as that.  He simply gives a few words: “A broken
wire would cause the patient to receive a violent shock, which
in wternal examinations ymight prove fatal. A worse abjection
15, however, open to the straight current brought in from out.
doors, viz, contact with & ligher tension wire”

Mr. Shaw . In regard to that question 1 do not see any means
or method by which the current can be made absolutely safe.
‘The danger from a falling wire always exists, 1 do not know
of any way by which that could be got over.

Mr. Black : The proper way would be to use a generator.

Mr. Kecley : Did you say your method was to put in i trans.
former, Mr. Shaw?

Mr. Shiaw : Yes.

Mr. Keeley : In that-case you would have a low tension. {t
would be altogether independent of the outside current.

Mr. Shaw: Yes, ! would in that case.

Mr. Lockwood : It scems to e that the Association owes
a great debt to Mr. Shaw for giving such a practical paper
on a rather unusual subject, and a subject with which perhaps
most of us who are engaged in the other practical apphications
of electricity are less familiar than any other, and 1 for one will
gladly own my debt to Mr. Shaw. 1 have been instiucted by
this paper, and 1 desire to express my pleasure as to the wnfor-
mation [ have reccived from it. | have a particalar sympathy
with the remarks of the paper concerning the dentist’s chaar, be-
cause [ have been there myseld, both as a practitioner and
as a patient.  In my early years I could not find anything clse
to <o at one tine, and therefore undertook the post 03, a journey-
man in a dentist’s office in Port Hope, Ontario. 1 remember
when the dentist had poor patients come in who he did not
think were worth fifty cents, he would turn them over to me at
twenty-five cents to practiso on. (Laughter.) And we had no
clectrical appliances at that time worth being called such s in
fact, the only practical utilization of electricity then was tele-
graphy, unless 1 except, of course, the making of electrotypes
and electro-plating with which we were very unfaumliar indeed.
But at the present time the dentist’s work has been made com-
paratively easy to the practitioner, and compartively pain-
less to the patient. I say comparatively, because 1 think
even now with all the improvements which art and science have
been able to give to the dentist, it is still a matter of dread to the
ordinary man or woman 1o sit in the dentist’s chair even tohave
teeth filled, much less extracted, With regard to the hair brushes
which Mr. Shaw has honored with a mere mention, I would like
to say that 1 have found that with you as well as with us the
charlatan is still abroad in the land. Almost the last thing be-
fore 1 left Boston I had occasion to huy a hair brush and one
of the principal druggists in the city earnestly entreated me to
take what he called an electric brush, and showed me it was
surely electrified because when he waved it over a small pocket
compass the needle deflected. (Laughter.) Bein anignorantman
I had not sufficient faith in that form of eleci  y and declined
to buy the brush on the endorsement of its being an electrical
one, and was foolish enough to buy one with ordinary bristles.
1 lost that brush, and while I was at Ottawa this week on going
into a drug store to buy another | was very much surprised to
have the same experience, almost entirely the same. This brush
1 was entieated to buy was electrical and for the same reason,
that by waving it aver a compass it made the needle deflect. 1
have had some small experience in different branches of elec-
tricity. One of the most ordinary afflictions with which man-
kind is cursed is to have little fatty tumors, some people call
them wens. Electrolysis applied to this is onc of the best and
most perfcct means of bringing them down, so that they
will not have sufficient stiength to risec agawn; 1 have known
many persons benefitted byit. I am specially pleased at seeing
this paper advocated, although perhaps not as strongly as it
might, the taking of an electric current from mains which are
ordinarily intended and used for other purposes. This is espec-
ially advantageous where it can be done, for the reason that if
you have a voltaic battety, 1 do not know whether it is not calied
a Faradic battery here, al! the voltage youcanget at any time is
that found between the terminals of the poles, but if you take
current from the main by interposing resistance you can get
easily whatever difference of potential you may want, and 1 do
believe, and I hope my belief will be correct, that the time will
come, angd at no very distant date, when the electric mains will
be introduced into many more places than they are now, for
industrial purposes, not only those which are the most preferable
to use and the most ordinarily used, but also for the many uses
of domestic and scientific work, and for this rcason that you can
regulate your voltage by interposing resistance to any degree
you please, and 1 think we may all bear in mind profitably that
that indeed is one of the principal distinctions between the two
ordinary terms, *‘electromotive force” and “potentiad differ-
ence.”

It was pointed out by some of the members that all risk of
outside contact with dangerous wires could be overcome by
using a motor on the street mains connected by a belt with a
small generator giving the required voltage for the practitioners’
use,

Mr. J. A. Baylis, of Toronto, then read his paper on “ Electro-
lysis,” and produced some photos of water and gas pipes, and
telephone cables injured by electrolysis in Boston, Hamilton
and other cities. (See page 143.)

Mr. Kecley: In ane portion of your paper you say “ putting
the negative to hine.” And you say later on “the negative pole
of the dynamo should be grounded.” You also say, “ absolute
protection as far as is known, it is impossible to have, but to en-
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sure the greatest freedom from destructive action, the track cir-
cuit must be of the lowest possible resistance.” 1 presume that
you mean that the positise pole should be to line.

Mz, Dunstan: We would like to hear from Mr Black as to
the trouble that has arisen in Hanulton, and whether st has been
yet overcome.

Mr. Black : In reference to Hannlton, | know every few days
 used to see sumething in the papers about the water pipes
being examined in the City Engineer's office ; he has a pile m the
coener of s office, but those were the days when they used the
old strap 1.iil and the bonds were broken, ‘Those fanuliar with
the position of Hamudton will remember that the mam 1eturn
citcuit ran down James street.  The single trick ranto the
power house and York sticet, King strect, BBarton sticet branch-
cd off. The whole current had to be tetmned to this one set of
strap rails, and when the stap ruls were worn the bonds broke,
and the current would get off some other way.  Smce they have
laid the new rails and made their bonding 1 behieve there has
been no complaint. All the pipes taken out were in the neighbor-
hood of, and not very far from the power house. 1 beheve they
were not found injured in any other place than in the neghbor-
hnod of the power house. The City Engineer has gathered
quite a mass of information, and 1 intended calling on lnwm to sce
i} he could give us anything on the subject for this meeting but
I heard he was not present at his office.  But 1 think every-
thing is changed there now, for 1 understand the railway com-
pany have now connected the man water pipe with their round
wire at the power house and that reduces the chances of further
trouble. 1 move a vote of thanks to Mr. Shaw and Mr. Bayls
for their very instructive paperss.

Mr. Shaw: In regard to the remarks as to the electrolysis
being occasioned by the polarization of gases, that would cause
an even wearing awiay of the pipes right along, but there is not
an even wear.

Mr. Keeley: 1 think it would be found that wherever theie
was a marked effect on the cable, the ground would be
very moist at that point. [ think it would be found surrounded
by water. Here is a piece taken from the vicinity of the power
house in Hamilion and it looks as if it had the smali-pox, and it
ias evidently been in water. Possibly the water may have
passed through a limestone formation. 1 think it would be well
for the members to keep in unnd to note particularly the condi-
tion of the spot from which the specimens are taken,

Mur. Lockwood : The subject of this paper is one of great im-
portance to many classes of people. It is of great importance to
City Engincers because they have control of gas and water
pipes, at leastthey oughtto have if they have not.  Itisimportant
to the telephene man, and it is important to the railroad man,
because he naturally does not want to interfere with other
peaple’s belongings any wmore than he can or must.  Then it is
of imporiance generally because we ought to know and we want
to know all about the working phenomena of clecinaty that we
can know, in order thiat we may pesforn our own work properly.
‘There seems to be one thing further that paper might havemer.-
tioned and did not, and that is, that a great deal of this elec-
trolytic corrosion of underground cables is dependent on the
amount of clectriaity that is pumped into the earth withina given
area of space.  Now, 1 suppose the most noticeable instance of
this kind of thing is that which has occurred in Boston.  Many
of vou, certanly all of you who are concerned in street ralroad-
g, know that there is the largest installation of electric stieet
railway in the world, and it 15 needless to say that there the
largest currents are brought back to the dynamos through the
earth : larger than anywhere clse. 1 was a little surprised in
learning that the paper says that one of the remedies, the first
remedy that has been suggested and tried, is grounding the
positive pole at the dynamo and patting the negative pole to line.
{ wish to do them justice by sayng that they have showed them-
selves always ready to try any experniment which persons con-
cerving themselves electricians have suggested, to prevent the
electrolytic corrosion of underground cables. It is my memory
that the dynamos of that company ordinarily have their negative
pole to hine, and that it was not until their atiention was called
to the fact that they changed it and put the positive pole to line.
With the negative pole to line (and this againis entirelv a ques-
tion of memory), with the negative pole to line, so large is that
system and so enormous are the amounts of clectricity delivered
to the earth after passing through the trolleys and the motors,
that the electrolytic corrasion ot pipes and cable tubes was in all
quartets. In fact, it spread nearly all over thecity, and it seems
to me that it was as a supuested remedy that the oresent method
has been adopted, in which the positive pole of the dynamo is to
line, and while it is not a remedy, still it is a change which is
mentioned in the paper, in a kind of negative way. It does re-
strict the trouble to a small area immediately around the power
station, and when it 1s restricted to such a swmall area it is much
more casily handled than a corrosion distributed mound a large
city. In addition extremely large copper cables are used. In
Boston, copper cables of more than one inch in diameter bave
been employed, to aid the rails in returning the trolley current,
and the trouble is very largely minimized. 1 personally do not
think that in small installations of clectric railroad serious
trouble need be expected, but 1 think in large cities it is to be
expected, and every remedy that can be thought of, provided it
is proved to be at all efficacious, should be effected. The bond-

ing of the rails, as suggested, 15 no doabt one of the pnpal
things that s required, 1 do not thank that the electric welded
rds have, to any great extent, gone to use yer, and § think
the unwieldliness of bandling them wall be an msuperable objec-
ton. But, with the best conductors that e made, we have
still to remember that the old doctnne thit useil 10 be promnd-
wated, that electriaty wonld choose onlv the hest path, wust be
discarded, not only from om hps but also from om thowghts,
and remember that electriony avals tself of all paths m propar-
tion to their tespectine resstances ; and when we think of that,
we cannot help but see, no matter how petfectly onr 1oads are
constructed, we shuuld make the return conductor as perfedt as
it can be, and 1t s stll the best thing to have the posiive pole of
the dynamo to hine, and to ad the pul i the viamity of the dy-
namo and of the poner house by very large copper conductors.

Mr Baylis . That remedy was suggested i an article 1ssued
in onc of our papers m_July of this fast sutnmer, as having been
tried in Marseilles, i France, and it was strongly tecommended
there. They grounded the positine pole and had the dangerous
arca distnibuted over a large postion of the town, and they were
eaperiencing no trouble, and this was conunented on m an eds-
torial in the London Elecutician, It was stated, however, that
it was not a true remedy.

Mr. Medbry : In Ottana 1 had some experience with the
Engincer of the Bell Telephone Co. wn aking seme readings of
the diffient potentials between our rauls and the ground, aml
after looking up the matter carcfully we beheved that by taking
readings at different pomnts, different manholes, we could simply
connect the cables to the rinls where there was the greatest difler-
ence potentially, or make the connection between the rail aud
that portion of the telephone cable which came nearest the
power house, and in that way, of course, assunnng always that
the cable is posiive regarding the rul, do away with pretty
nearly all the effects of any electralytic action,  In a small
city that would entirely remedy the matter, [ thnk. In
that casc 1 would have the postive pole of the machme to the
trolley wire.  Of course our statton there s located some way
from the centre of the telephone cables, and unfortunately we
could not measure the amount of current flowing on the cables.
We did not much more than find out where the greatest
action was gomng on, but of course, with a carcful test, we could
find out how much current wius flowing, and whether 1t was
bunched, or where the greatest tendency wis to leave the cable.

My Baylis: 1o Toronto, m the westerly portion of the any,
the potential difference s three volts.  Taking the opposite sude
of the city, it vanies from two and a half to four volts. And
there 1s a gradual decrease from the three volts i the west to
about zero in the centie, and gradually increasing to about four
in the cast.

Mr. Shaw : Which pole does the trolley wire connect with ?

Mr. Baylis: To the positive.  And the current we get ofi’ the
cables, measuring from the cables 1 our casterly manhole, the
manhale nearest the power house, to the water mam which 1s
the manhole, is eleven amperes.

Mz Medbury : The potential difference between those cables
and the rail does not mean anything unless you take the am-
peres along to make a reading of,

Mr. Baylis: 1 think the potential is the most imporiant thing
because, in the case I bave been speaking of, 1 can measure the
number of amperes flowing from the cable toa given point, at the
juncuion of a water main 10 a manhole, we can get a large am-
perage.  ‘The measurements that may be taken on any pipes,
cither cables or water or gas pipes, with an ammeter and volt
nmicter, are generally vatnable in showing the direction i which
the current is flowing.  Itis impossible to measure the number
of amperes running from one point to another unless you can
insulate the pipe entirely from the ground through its entire
length. You are simply taking the alternauve path of the cur-
rent, as it were.

Mr. Medbury : Potential difference 1s not what is doing the
damage. We get a very low potential difference, but get a con-
siderable curvent on the pipe. You can find out a cable s car-
rying a certain amount of current by fasteming on to that cable
and conducting it back to the rail or any other circunt.

Mr. Baylis -+ Well, if you take the readings of the ammeter,
taking a4 gas or water pipe, for instance, which is bunied in the
carth, and ecxpose the pipe for seven or eigin feet and put
hn ammeter between the pipe and the ground, yvu probably will
get avery small current flowing. At the same tme a great
deal of current may be flowing from the pipe to the ground.  “The
The current is leaving the pipe all right enough, but it is not
going through y \ur ammeter.

Mr. Mcdbury : [ can sce your pomnt. My pomr, as I have
understood it, and my experience in the matter 1s tlus, that
taking two streets, (this 1s how the case stands) two parallel
streets, and this cable runs down ane street and the clectric rail-
way is on the other strect, but as there 1s a curreat gong up to
the farther street it takes just a short cut over that cable, and the
whole of that current 1s gomg down that cable. It branches o
the street and mukes a conductor for . If the cable happens
1o turn three or four streets down “there, the current 15 leaving
the cable again.  Of course, if you take it at that point and put
a tap on, you are not getting any clectrolytic action at all.  The
cable simply acts as a conductor for the twenty or thirty am-
peres that happento be flowing over it.  Of course, after you have
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got away 1co feet from that corner, perhaps there would be no
current to speak of fowing arcund the outside of the cable; it
would all be going over that cable, perhaps twenty amperes.  Of
course readings taken anywhere inside of that zone of clectric
current would give various readings according to the position at
which you are taking the readings, but twenty feet from the cor-
ner you have quite an number of amperes running over the cablg.

The President called on Mr. 1. M. Pinolet, of Montreal, to
read a paper on * Alernating Current Motors.”  (Sce page 120).

Mr. Medbury, 1 discussing the paper, said . This is x very
1nteresing paper and contains a great deal of information i a
small spice. 1 was much terested recently in watclnng the
operation of stmting synchronous notors by the currents induced
n specral closed circuit windings on the fields.  When synchron-
uing speed was attauned, the ticld circuits were connected with
the praper cusrent and the motors then ran synchronously. T'he
fact that the speed of a synchironous motor depends upon the
rate of altemation of the exeiting current, does not appe.r to be
umversally comprehended, for [ recently recewved a communica-
tion from a person to whom 1 had supplied one of these motors,
asking how to reduce lus speed and suying that he has consider-
able resistance i circiit with the motor to lessen its speed, but
withont affectiug the speed at all.

Mr. Brown : I would like to hear something further on this
subject as 1 understand considerable trouble has been occa-
sioned by the false currents due to the self induction of the
motors flowing back through the wmnslonners, the line and the
generators. I understand this has caused considerable trouble
and condensers have been used with the motors to overcome it,
but have been found to be objectionable.

Mr. Pinolet : Many of the early polyphase inotors were not
well designed and were inefficient, but with a well designed
motor the loss duc to scll-induction is trifling. Dr. Louis Bellin
his recent paper to which I have already referred, published a
comparative test of the current of a polyphare matar and that of
a continuous current motor of the same capacity at different
loads. His tests showed that false currents were only noticeable
in the polyphasc motor at very low loads and at overloads, Be-
tween these limits, the currents taken by the motors were sub-
stantizlly the same.

Mr. Medbury . [f there 18 no further discussion on this paper,
[ would fike to present something which may be of somne interest
to those who are in the same hine of business as [ am. We are
often asked regarding the relative cost of transmissior for any
long distance transmisston plant at say 2,000 volts without step-
up and step-down transformers and say 5,000 volts with sw{)-ug
and step-down transforiners. [ made up a hitle equation whic
[ will hand in bzcause I think it may be useful, as I only re-
cently ran actass a case where there was a transmission of two
and a half or three miles and the parties were strongly urged to
use 5,000 volts with step-up and step-down transformers. It is
hard work, and takes considerable ime to figure the thing out
without an equation in black and white.  Of course there will be
a certain distance at which the cast of the wire for the 2,000 volts
will equal the cost of the wire for the 5,000 volts plus the cost of
the step-up and step-down transformers.  For a distance beyond
this point, transmission at 5,000 volts with step-up and step-
down transformers will be cheaper, and for a shorter distance
which does not reach thus point, transmusston at 5,000 volts will
cost more money than at 2,000 volts.

An equation to determine the distance at which the cost of
transmitting any given power electrically is equal, whether a
lower voltage 1s used without raising or lowering converters, or
a higher voltage 1s employed, using raising and loweriny con-
verters, may be of interest to those who are frequently asked to
decide betwecen the two methads of transnutting power any given
distance. The following equation, which scems to be uscful
for tlns purposc, 15 offered :—

1 LB(T+G-N 4
d= { —_ ————-—-} where:

ck aB-Ab
d = Distance in miles at which custs are equal.
a=Awmperes on lowe: voliage line.
A (0 “ l,ighcf " 1]
b= Volts lost on lower voltage line.
Ba [T highcr " " .

c=2Cost of copper wire per pound.

k=2 constant :930.5.

T =Cost of transformers for higher voltage line.

G = Extra cost (1f any) of higher voltage generator over lower
voltage generator.

A study of the equation shows that for any assumed values per
unit of size of transformers, d is independent of changes in A or
a, that is, the distance does not viry with the power 10 be trans-
mitted, but varies inversely as the square root of the cost of cop-
per, and directly as the square root of the cost of transformners,
and as the drop in volts where the per cent. of loss taken is the
same for both systems, or in other words, d varies very slowly
for changes wa B, bor T. As an illustration of the use of the
equation, let us deternmne the point at which, for transmitting
the same amount of power, the cost of a 2000 volt installation,
without raising or lowering converters, equals the cost of a 5000
volt tnstallation using first a 3000 volt machine and lowering

converters and then a lower voltage machine and both raising
and loweting converters,  Let A=t, Then for the same power
transimitted a v 2.5, Let the loss be 16257, then B=1000 and b
= oo, Let the cost of bare copper wite be 14¢. and raising or
Jowering converters cost $20 per K. W. Then in the first case
T=100 and in the sccond 200, say G=o. Substituting these
values in the equation we have

. . 1000 X 40O X 100

4= Ti1% 39505  2.§x 1000 - I x oo = 357312 ar
71.4624 when rmsing and lowering converters are used with a

lower potanual machine. Now  (/36.73127 .98 and ,'71.4624
«=8.45, which shows that under the conditions assuined for trans-
mitling any given power up to 5.98 nules, a 2000 volt installation
costs less than a 5000 volt nstallation with a soco volt gencrator
and step down transformers; beyond that distance the 2000 in-
stallation costs mote, and when both raising and lowering con-
vetters are used tlus distance s mcteased to 8,45 miles, [t
should be noted, however, that tlus distance as alreidy shown
depends upon three factors, the assur “d cost of copper, the loss
on the line and the cost of rusing and lowering converters,

An equation which entersinto the above equation may also be
of interest, as 1t determines quickly without the need of a circu-
lar nuls table the total weight of wire required for any power
transmission. Itas

a d

weight of copper= 3950.5 volts lost where a and d are as above,

These cquations are based upon fo.7 ohms as the resistance
of a mil foat, and five per cent. has been figured for sag allow-
ance.

The chainman asked Mr. Medbury if he remembered having
at the last convention made some reference to distnibution by

olyphase currents for light and power that was to take place at

ochester and asked if he had any particulars as to how it was
operating.

Mr. Medbury said there were three machines in opetation
there at the present time. They were combined continuous and
alternating current generators, each giving at one side twa-phase
ahernating currents and at the other side continuous current, so
that at the sume time both continuous and alternating currents
could be obtained from the same machmme. It 1s 2 commercial
system with alternating current motors operaung successfully
by two-phase cutrents. At Concord there is a three-phase plant
and three-phase motors in successful operation.

Mr. Brown - Are thesc motors synchronous or non-synchron-
ous motors, and arc condensers used ?

Mr. Medbury : They are non-synchronous motors in bath
cases, and ire operated without condensers.

Mr. Medbury requested, as Mr. Higiman, of the Government
Inspection Departiment, was present, that he should speak to
the meeting on the position the bill i relation to electricity was
in,

The chainman said it was very short notice for Mr. Higman,
and requested that gentleman to present the situation at the
following session of the Convention.

It was moved by Mr. A. B. Smith, seconded by Mr, H. A.
Brown, that the thanks of this meeting be tendered to Mr, W.
B. Shaw, of Montreal ; Mr. J. A. Baylis, of Toronto, and Mr.
L. M. Pinolet, of Montreal, for the instructive papers they have
given this afternoon. Cairied.

Mr. A. B. Smith reported that the Committee on Membership
Fees recommended that the fee for active membership be re-
duced to $3.

Mr. K. J. Dunstan, in speaking of the report, said : It is a re-
duction in the membership fee from $5 to $3. The reason 1
make the motion is simply this: By the Treasuier’s report we
have on hand about $300; the cost of the last convention was
in the neighborhooed of $200 ; that means we have a surplus of
about $100, after paying the expenses of this convention, assum-
ing they are approximately the same as last year. We have
also all the fees which will become due for the cuirent year.
The Canadian Electrical Association is not a money-making in-
stitution ; we simply desise to pay our way., We fixed the fee
at $5 with the view of being sure we could pay expenses. Hav-
ing found that we can now reduce it to $3, I think it is in the in-
terest of the Association that the reduction be made. We want
members more than than money. \Ve have no debt to pay off ;
we simply want to make ends meet. [ think probably if there
i> only a difference of a dollar between the associate member-
ship fee and the active membership fee, nearly all of the associ-
ate members who can qualify will become active members, aud
take part in ali the proceedings of the Association,

The President : I think those remarks are all right, provided
the members all pay up. Quite a number of the inembers are
n arrears for their last year’s subscription, but I presume if the
?mqunl'is made less there will probably be less difficulty in col-
ecting it.

The motion being put to the meeting by the chairman, was
carried.

A letter from R. J. Corriveau, of the Montreal Park & Island
Railway Co., extending an invitation to the Association for a trip
over the suburban line to Sault au Recollet, was read.

The President announced that owing to the unfavorable
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weather the ttip down the Lachine Rapuls was postponed
to Friday morning at 8 o'clock,
At 4.45 p.. the mecting adjourned.

SECOND DAY.

On the 20th of September at g o'clock am. themembers assem.
bled at the Queen’s Hotel and thence visited McGall University,
where an investipation was made of the clectrical apphances in the
Macdanald Butlding, on the mvitation of the Faculty of Apphied
Science and Prof. Chas, A. Carus-Wilson of the Electrical De-
partinent.  An inspection of the electrical laboratones was made
and a practical teston a transformer ot apparatus for the measure-
ment of alternating current power gven by Professor Wilson.

At t1 a.an. the President called the meeting to order 1w the
Board of T'rade Building and stated that Mr. Higman of Ottana
would in the afternoon give an explanation of the working of the
Iuland Revenue Department as to testing electric meters,

Mr. A, B. Smith moved, seconded by Mr. McFarlane, Re-
solved that the hearty thanks of this Assoctation be tendered to
Prof. Chas. A. Carus-Wilson of McGill Umiversity for the elab.
orate and extremely interesting exposition of the electrical test-
ing apparatus in usc in the Umversity and that the Secretary
be nstructed to forward a copy of thus resolution to Prof. Wil-
son.

The President put this motion to the mecting and it was carricd
unanimously.

Mzr. E. Carl Breithaupt, of Berlin, read his paper on “Mumcipal
Electric Lighting.” (See page 139).

The President then called upon Mr. J. Francisco, of Rutland,
Vt., President of the National Electric Light Association of Amer-
ica, to address the meeting, extending to him also an invitation
to take part in the discussions.

Mi, Francisco rephied :— Mr. President and  gentlemen--
When [ left the United States 1 supposed I was gong 1o leave
the question of “Municipal Owncrskup" belind me. 1 id not
know | was going to come into st here, and hear the discussion
following the reading of a paper on this subject. .

[ have devoted a great deal of time to the subject of Municipal
Ownership, and have received a great deal of cudyeling in my
experience on account of the position 1 havetaken, 1find almost
all over the cry has been raised, not only through the States, but
through the Canadian provinces, of the wonderful cheapness
with which municipalities can furnish light, but it ts pure hum-
bug. [t cannot be sustained, and never will be. ‘There is a
principle involved that makes it practically impossible for any
city to carry it out.  \When a man who has every ability in the
business invests his money in it, can he be compared with a
political man, who has no interest whatever except to draw his
pay and to help along some pohtical scheme? \When it is said
a politician can do better than a man who has every ability in
the business and his dollars invested, it is nonsense to make
such a statement, he cannot do it. (Hear, hear.)

Now, references are made in this paper in regard to some
places in the United States that are producing their own lights.
At our Convention at Cape May I read a paper on Municipal
Ownership which was the first paper read on this subject, and 1t
was the first time we had attacked Municipal Ownership.  The
head clectrician of the electric plant of the City of Chicago was
there and he got up and stated emphatically that I was a very
broad liar. (Laughter). He said the statements I had made in
regard to Chicago were false, that the cost of electnc lighting in
Chicayo did not excced nincteen cents per light pe. night.  Now,
about three or four months ago that same electrician issued a
report in Chicago on the cost of clectric lights of the system
there, and he gave the total expense at $96.64 per lamp per year.
That is simply for the lighting expenses, not counting depreci-
ation, interest, taxes, water rent, or anything except the cost of
producing light,

In Dunkirk, New York, it was thrown in my face that the
total cost of running 107 arc lights was $2200 per year. What
were the facts on investigation? No engincer was employed or
fireman, and not a ton of coul used at the station. They have
an cngine there that starts without a man going near it to look
after it.  The lights start themselves and they trim themnselves
and everything goes on automatically. That s why it only costs
$2,200. (Laughter)

When you get behind the curtain what do you see? All
charged to the Water Department. Every cost of running the
lights except the Superintendent’s salary was charged to the
Water Department. Of course it would only be $2,200.
(Laughter.)

The Mayor of Topeka, Kansas, told me personally that when
they took the lighting plant from the Company there they guaran-
teed it should not cost over $64 a year per lamp for the 2,000
candle power lamps. It has cost them $132 per year by actual
experience by keeping a record of the runaing expenses of their
plant, and he told me also there was no question but what the
city of Topceka could have saved money by hiring lighting from
a local company instead of running the plant themselves. They
are building it all over and patting in a new thing, the old plant
being used up. But they did not ckarge this; this is an improve-
ment that does not cost anything, that is simply charged up as
unprovements, and the taxpayers pay it. (Laughter.)

And in Hannibal, Missouri, they had a little bit of a cyclone
there which took the top off their power house and everything

down to the dynamo, and then they went to teprat. 1t cost
them $1000 mrd, and they charged it up to ** Construction.” It
appears now on the city's books as Construction.

u the course of my nvestigations in this matter I have visited
nearly all the stations of municipal plant in the United States,
and for the last six months I have had a very extended corres-

ondence with cities and municipalities throughout the Provinces
eee, and with Toronto, 1 have been asked questions by ofticials
n Toronto from the Mayor down, [t is amusing to read some
of the statements made by parties who advocate this municipal
idea.  You would think it wasa perfect Eden in every place
where the oity owns the plant it is no expense whatever, the
luihts arc perfect and everytlung running in magnificent shape.
The mayor of Torouto asked me in regard to this same question.
In regard to Pluladelphia where they had an exhaustive investie
gation made as to the cost of the plant, thice different estimates
were made, one by the City Electrician, one by the manager of the
city plant, and one by the local companies, all employing out-
side experts who were supposed to understand their business.
And there was a difference between the two estimates of over
$150,000 W stathng plant.  When it came to the running of
the plant there was the most peculiar diversity you ever heard
of. Of course the clectrician was in favor of Munmicipal Owner-
ship and wanted to show the whole thing in as bright a light as
pussible. They were going to run 507 arc lights.  He did not
think it was necessary to have more than one engineer to do the
whole business. They were going to start about half past three
in the afternoon and run on till the next morning.  When he was
asked when the enginecr was going to clean his engine and look
after everything and get some sleep, he said, ¢ Oh, he would do
that between those hours.” (l.:mg{:lcr.)

‘The question was asked him how much he ecxpected to pay
the engineer to do that kind of work and ran it that way. He
smd he was gomng to pay him two doltars a day, That is the
basis on which he founded his calculation. Where will that go?
What is the use of talking in this way 10 an intelligent electric
light man who is experienced and ¢:pect he is going to take
any stock in that theory.

I have probably travellsd over 7,000 miles through the States
visiting the plants, and not « single one of them will you find
where they can show in one instance that they can produce the
light for less than the private or local company can do it under
the same conditions and have the same hght and get as good
results.  1f you charge all thesc things to other departments 1t
is very easy to make a small amount, but if you want to produce
the light on the same basis, and showing as low expenses, they
cannot do it as cheap as the private company can.  That has
been demonstrated time and again und can be at any time of the
rear.
) tiere is another feature.  In Canada of course 1t 1s not ex-
pected that you have anything like what we have in the States.
They are all honest hetre.  (Laughter.) The fact is that nine
out of ten of the public men who have chatge of this business
are men you can buy hand and foot. 1 have had expenence of
that kind in my own city. Rutland has always been a village
until last February. Then they put it i as a city and elected a
Council. 1donot believe that there has been a single transaction
ot any kind made in the City of Rutland since that date but what
has been boodled. \Whut was the result? They called for bids
on city lighting. There was one company there.  Another con-
cern from the west came in and madea propesition,  The Coun-
cil gave the contract for lighting to the outside company at five
cents per lamp higher than the local company cffered. The

uestion 1s, how much did they spend for boudle? We know
they did it as well as if we saw them do it with our own eyes.
‘That is the way that village is run, and that is the way it 1s run
all throuch the States.  You can talk about honesty and integrity
in office—you mav have it here, but on the other side they do not
deal on that basis. But we have some very fine men over there,
as fine as you can find anywhere, but the men of character and
standing are not in office.

I thank you heartily for your courtesy in extending this pri-
vilege to me and trust [ shall have an opportunity of meeting
you personally. (Applause.)

Mr. A. A. Wright, Renfrew : This speech presents facts and
information that every central station man ought to take to
heart. If any municipality wants you to undertake to light
their streets, the best thing you can do is to say, * No, thank

ou, 1 do not want to do it,” for it is only a curse to any man as
ong as he lives. At our town [ told the Council a while ago that
I would rather deal with five hundred men than with one set of
Councilmen. They want you to do the whole thing free gratis
for nothing, without being paid a cent for a lot of work they want
done, and then have it changed to something else. A central
station man cannot do that kind of thing. [ say to those who
are out of the municipal lighting business, to stay out and not
have anything more to do with it.

The Chairman : That is very entertaining for those who are
out of it, but it is aot much information for those who are in
it as to how to get out. (Laughter.)

Mr. Wright : 1 am in it and | want to get out. 1am thinking
very seriously of using my dynamos for motors and giving up
the electric Jighting on the streets altogether ; 1 think it will pay
me better than having anything to do with the municipality.

Mr. D, H. Keeley : Would it be out of the way to suggest
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that we might set about collecting statistics as opportunity offers,
of all the iformation coming under the notice of members of the
Assocition. 1t should include facts wm regard 10 the cost of
lighting and the difficulties that are actually encountered in re-
gard to dealing with municipal bodies and mumaipal hghung,
and this information should be put on record so it could be
sifted out afterwands by the members.  The gentleman who has
Just spoken fram the United States tells us there is quite a com-
parison to be drwn between the municipal bodies of the United
States and those of Canada.  We can har lly be guided iv Can-
ada by the statistics that are furnished from the other side when
qualified i that way. If we were able to gather such infor-
mation in our own comumunities 1 would be of great importance.
A httle winle ago in the ety of Ottawa the same question came
up and thete wis a yseat agitation over it, and after a lot of talk
it was decided that the companies could do the work just as cf-
ficieatly as the city could, and the question was left open,  The
result has been that the companies there have amalgamated and
e m a position to give a very eacellent service ; but that does
not dispose of the question at all, and I think if we can, as an
Assocrtion, put ourselves in the position 10 get together the
information at a future date, it would be of great importance to
us.

Mr. E. Carl Brenthaupt : This is a good idea. It isa very
difficult matter 1o gather statistics in that way. For the pur-
pose of this paper 1 have endeavored to get statstics from
all the mumcipal plants in Ontano, and some n Quebec, and
have found it very difficult, us half of them would not answer
my correspondence atall. 1 may say the statstics I gathered
do not show any better figures than those of the United States
published by Mr. Francisco. 1 have a lot of statistics i iy
pocket about Canadian municipal plants, but they are somewhat
incomplete, and for that 1eason | did not want to quote them
particularly.

Mr. AL A Wright @ 1 suppose the reason they are not complete
is that the people giving them did not know how todoit. These
peaple that are running municipal plants do not know how to
doit,

Mr. E. C. Bretthaupt : For the benefit of the Committee on
Statistics, | would like to say a word on how this committec is
to go to work, whether they will be allowed to go to any expense
for the Association in the matter, which would almost be a ne-
cessity to make the staustics of any value, because just gather-
ing statistics by correspondence like this you cannot yiet accurate
figures.

Mr. Higman : There is another matter, and that is as to stan-
dard of power. The Department has received several letters bear-
ing on that subject, asking us to embody in the Bill a stanilard
similar to what was adopted in the United States as 1o energy.

Mr J. Langton: In this subject of municipal lighting the
point seems *o be the business cfficiency of municipal govern-
ment, and 1t 15 of interest to know what room for improvement
thereis.  An article was published in the Forum a couple of
ycars ago on mnicipal institutions in America and England,
watten by the Right Hon. Joseph Chamberlain, who made his
first mark as a public man when Mayor of Birmingham., That
city has now the reputation of being the best governed in the
world. In the arnticle 1 speak of he makes a comparison be-
tween the mumcipal expenses of Birmingham and Boston. The
populations arc almost exactly the same, Boston beiny 448,000
and Bumingham 430,000. In the article he gives detailed ex-
penditures.  The result is that the total cost of municipal gov-
cernment in Boston s twelve millions and a half, and in Birming-
ham 1t 1s two millions and a half ; relative figures, five to one.
There were some expenditures in Birmingham which were
not undertaken an Boston, and vice versa.  These related pnin-
cipally to schools and rehief of the poor.  Excluding these he
gets the expendatures for strictly municipal government purposes
n Boston a hittle aver ten mlhons and in Birmingham onc mil-
lion six hundred thousand. The proportion in this case issix to
onc. Of course Birmungham s a hugh standard.  The last cen-
sus gives the expenditures of ane hundred citics in the United
States, ranging in populatien from 13,000 10 1,500,000, 1nd have
g a total population of twelve nmthions and a half, or about
two-thinds the urban population of the United States.  The cost
per head of mumcipal government vanes from $3.79 in Oswego
to $27.61 in St Paul, with an aserage cost of $16.77 per head,
against a standard set by Binningham of about $4.50 per head,
so that if there 1s anything 10 these figures, in arder 1o put them-
selves on a par with pavate carporations in business efficiency,
mumcipal governments m Amenca must improve till they are
about four umes as zoad on the average as they are now. Of
course there should be anadvantage, if it is properly used, where
it is possible 1o run the electric light in conjunction with water
wotks or other public works, and save somec of the gencral ox-
penses.  \Whether there is any real advantage from this isa
a question for cach dwvidaal cise.  In favor of municipal own.
ership mstances are cited of what some one town in one part of
the world has thought it profitable 10 do, as an example of what
another tawn in another part of the world should do.  Ifthat is
an argument, the city of Geneva, 1n Switzerland, should be an
argument aganst mumapal clectne plants.  In Geneva the city
has developed an extenstve system of waterworks and derives a
~ood revenue from water sold for power purposes.  But in spite
of owning and operaung profitably this large system of water

and water power supply, they do not seem to think it profitable
to supply clectric light, although the private electric company
rets its power from the city, buying  at a very low figure,
do not think it is much of an argument to assert that an isolated
instance tn one part of the world furmishes a proper example to
be followed by some individual town in another part,  But when
that sort of argument is used in favor of municipal electric
p.l.lmls, the case of Geneva should be equally valid on the other
side.

Mr. Francisco: In answer to the arguments put forward |
sunply state that the Nutionat Association at their last Convene
tion in Washingten adopted a standard for our 2000 C. 1. arc
hights as 10 amperes and 43 volts or 450 watts. That has been
adopted by the Eaecutive of the Nattonal Association and will
be adopted in ali probability by the Government.

It was ‘noved by Mr. ID. H. Kecley, seconded by Mr. O. Hig-
man, that it wonld be desirable that steps be taken by members
of this Association, to gather and communicate to the Commit-
tee on Statistics, any reliable data and information relative to
the comparative cost and efficiency of electric lighting by muni-
cipalities and by private companies.

Mr. Campbell : In the majority of cuses in towns through the
the country they do not keep any separate details. The ac-
counts are all jumbled together in one item ; power and incan-
descent lights all fromy one engine, and it is pretty hard to get
at these details unless you go 1o the man who is at the business
and sec if there are any books kept and get the details. Any infor-
mation got in that way, unlessit is correct, is worse than useless.

Mr. W, BB, Shaw : As the statistics will probably be accepted
by the Inland Revenue Department later on, it would be well to
sift them, not only in the int2rest of the Association but of pri-
vate companics,

Mr. Keeley : It was my ntention that only reliable informa-
tion should be sent in to the Committee. Unless 2 member
could come forward and say, “this is a fact,” we do not want the
information.

Mr. D. Starr: I think, for the 1eason that Mr. Higman in his
department in looking after and inspecting plants, he or his
deputies could gathier a great deal of information, and it would
be a gond thiny to have him on the Committee on Statistics.

Mi Higman: 1 do not know that the depariment concerns
itself much about statistics except in regard to the number of
lamps used, but I will be very glad to do anything 1 can.

Mr. RKeelev @ It s not necessary that a man should be on the
commitiee 10 get statistics together. I said in my motion that it
was desirable that the members should communicate to the
Committec on Statistics. The committee might consist of one
person as far as that goes.

Motion carried.

Mr. Dunstan : Mr. Breithaupt has brought up the question of
expenditure in gathering these statistics. 1 do not think that it
is the desire of this Association to incur much expense, but still
thete will be some necessary expenditure for postage and other
tkings, and the members of the commniittee cannot be expected
to meet it personally.  1therefore move that the Executive Com-
mittee be empowered to grant from the funds of the Association
an amount sufficient in their opinion for the requirements of the
Statistical Committee’s wark in securing statistics.  As the work
proceeds, and the committee find out exactly what statistics
they wish to gather and what the cost is likely to bg, the Execu-
tive Committee can then consider the matter carcfully and grant
from time *o time whatever sum 1s required for the work. Sec-
onded by Mr, A. B. Smith. Carried.

Mr. A, AL Wright moved a vote of thanks be tendered to Mr.
Breithaupt for his ably prepared paper.  Scconded by Mr. Shaw
and carried.

Mr. McFarlane exhibited for the inspection of members of the
Association an interesting collection of original letters and phato-
giaphs of celebriues such as Morse, Cyrus W. Field, Vail, Ehisha
Gray, Galvani, Volta and Ohm, which had been kindly loaned
for the purpose by the owner, Mr, John Horne, of Montreal
The collection included also somne copics of an clectrical journal
called “ The Canadian Electrical News,” of which five numbers
only were published by Mr. Home in the “ sixties,” but which, as
he states, proved to be ahead of the times.  Mr. Horne is an old
and practucal telearapher, and ex-Manager of the Western
Unton Telegraph Co.’s New York Stock Exchange, which at one
time did the largest business of any branch outside of the main
office. Mr. Horne many years ago commenced the collection
of original matter relating to the history and invention of the
clectro-magnetic telegraph.

At 12:30 p.m. the mecting adjourned till 2 p.m.

AFTERNOON SESSION.

At 2.30 p.m. the President resumed the chair and called the
meeting to order.

The first order of business was the reading of a paper on “A
Method of Distribution with Equalization of Potential Differ-
ence,” by Mr. D. H. Kecley, of Ottawa.  (See page 140)

AMr. Campbell, in discussing the papersaid: Fig. No. 8 illus-
trates the same idea as No. 6 as adapted to what is known as the
three wire system.  Are they both of the same size?

Mr. Reeley: They are all of the same size.  The three wire
system is the adopuon of two dynamos.  If you were using the
three wire system and vou incieased the voltage w0 200 volts,
cach machine giving 200 volts—
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Mr. Campbeli :

Mr. Keeley .
ference.

Mr, Campbell . Whether this figure 8 1s a two wue system
or three wire system?

Mr. Keeley . [t dees not make any Wfference as far as volt.
ape is concerned.,

Mr. Campbell, after some discussion on the two and thiee
wire systems, claimed that figure 8 was an impracticable idea
altogether, as it would take four mes as much copper.  In theory
and practice it was all wrony, and not equal to No. 2.

Mr. Keeley chumed figure 8 was what he represented it to be,
He had made experiments carefully and if it was followed out
carcfully it could not fil to act.

Mr. Campbell.  Take figure 6, 1t wounhl take more copperand
will not give as goad distribution as the ardimary parallel system.

Mr. Keeley : 1t would necessarnly have to be abetter svstem.
‘The den s this, if we were gong to supply a block in our m-
mediate vicmity 1 should run my leads out of this sude of the
house and bung them 1a on the other swde.

M-, Campbell : I you could install the plant and bwld the
town around it that woukd be all right, I suppose. 1 .am in the
dark to see how figure 6 15 a better distnbution.

AMr. Keeley . Well, for instance, you have your staton, and
the places you .are gomg to supply the current to are abowt a
quarter of annle away.  Your view secms to be that you would be
running out four wires and would be using more copper than the
ordinary mains.  What [ say is that you have exactly the same
amount of copper you have with your ordinary two wire system.
‘The highest difference of potentsal you can get at any point will
be that iom the first end of the circuit.  As 1 have pomnted out
there in figure 2 you get the difference of potential, absolutely.
In figure 2 vou get the same potential difierence between points
2 and 4 as you will et in figure 1 between the pomts 3 and 4.
I have stated here that this difference of potential must neces-
sarily involve that the current that is recetved in any one Lunp
is equal to that you can get at.the furthest end of the circuit.
Take figure 6 and supposiny this s a direct cusrent circuit we
are considering. The sources of current 1Dt in figure 6 are direct
current generators for that matter. We will 1ake one lamp
placed across between 3 and 4. It is taking one ampere.  Sup-
posing we are going away around to F at the further end of the
circuit, and we put on 100 lights, we will then have tot amperes
of current running through the circuit. It stands to reason that
the clectiomotive force hetween those points is the same there
with lamp Ft whether we turn on that gang of 100 or turn it

Do you say 200 volt lamps?
Na, too. [t does not make a parucle of dif-

off.

Mr. Campbell :  The current to run this 100 lamps has to run
a greater distaance than with a parallel system.

Mr. Keeley: No.

My, Campbell : 100 lamps at F. and one at the other place,
they are using 9 amperes at F. How docs the current run from
the dvnamo to there and back again?

Mr Keeley : 30 amperes will run from B, and 50 from Du.

Mr. Breithaupt: 1 think we ought to have a blackboard at
these mectings ; where we cauld then discuss these matters
thoroughly and ail could see and understand.

Mr. Langton : If the lamp in figure 1t was a certain distance
from th: centml station, say onc mile, figure 5 would be the
same lamp fed by two central stations two miles apart,

Mr. Kecley :  One mile on each side.

Mr. Langton: Figure 6 would be that system foldea to-
gether so as to consolidate the central station. It shows four
wires to the lamp, distant onc mule from the station.  1f these
wires arc of the same size as they arein figure 1, the loss would
be oue half and take twice as uch copper. ! cannot see any
difference between this and a straight two wire system.

Mr. Keeley . If vou arc sending tour amperes along the hine
with a pressure of 100 volts, vou have a certain drop mn the
mains,  Supposing yvou cannat connect it vp in accordance with
fizure 6 you are sending two along on one side and twaon the
other, and you have a certain drop along the mams. In cach
case the drop would be onc hall.  1n figure 1, instead of having
four per cent. drop you will have an eight per cent. drop, whereas
in the other you will have only four per cent., and take the same
amount of copper.

Mr. Langton. Figure 5 is simply a daubic system of figure 1,
and figure 6 is figurc 5 tolded together. They have the same
Jamps, you have to send out the same current and you use twice
the length of wire of the samc diameter, with conscquently half
the loss, or you usc twice the length of wire of half the diameter
with the same loss.

Mr. Keeley: [ claim we have a marked saving in the
wire. At the same time I admit that the total amount of
copper uscd in the four wires would be equal to the total amoumt
of copper in the two wires. Now, the question comes in, where
is the saving? Itis here. Thestatistics of the different general
central stations as I have been given to understard s, that out
of a total number of 1,000 lamps for which wires have been put
in, there is only a demand at any one time for 350. You can
put it at 55 or 6o per cent. It stands to reason, at that rate, that
the greatest demand at any time s only 6o per cent. on the sta-
tion for the total quantity of copper that has been put out 5 there
is forty per cent. lying idle. If you havea system by which yon can
start and give an equal potential throughout the entire town

instead of having to runa muhtitude of carcuits for long distances,
you can effect an enonnous saving m runnmy the wie from the
station over your mains for i minnunum of sinty per cent. of the
namber of lamps put in. You save forty per cent. of the copper.

At Mr. Keeley's request the followiny note, wntten subsequent
to the Convenuion, is printed as a pat of the discussion on his
paper: -

Nore.  Fhave tothanh Mr Camplicl] for bamgung ot a gt that shoubd huve
beets duly consdered i my puper The whale of what oltatis i the operation of the
sacmt s P 7 hias not been carly et furth The thiee wite systes as representes]
an that tigure luas been dealt with as of stply CHItuingg two seprate aanuies . i
the bighr that of one Lanp alune v i ascuit between A and U, the curcent operating
wasderned feomthe soune \ alone . and ot anothes Lungs s put between B and C
1w ke fashiton gets s currcnt feoan the waune V] But 1t shoulid be n-vugnm\i
that 1w daing this we have donbled the B ML F Cand doubilad the Lunp reastance,
whitle the other part of the carcuit teasatance sentans unaliesed, Weknow thatshe 1M,
F o almothed s any part of aina t s equal 120 the cesstance of that part aultaphed
by the cuerent, and we wan therefore d uldethe B M and supply double the
uumber of e wathout wueang the tutrent i nan Tlas s what wadone
Fug 7, when an evqual numbser of Limpn a¢ put on eacli side of the neutral wige.  Soaf,
m the plan as ludout i Fag 8, the wources f vurtent A, VL artesprnnd with those
shown 1 bz 7, sy tonvolts eadde, and of the solume of cartent to be distnbuted in
cach se tvthe \anse, it e e, as has beet suggestad, that for anen drop the
Teadain Fig 8 would have to be twice as heavy as thase in Fig 7, because the sane
amount of 1, MOE asas atnorbed 10 cady of the sepurate astanits of Fig 8 dues duty
for bath arats of Fig. 7, whien thete o an equal nuwmber of lauge on cither sule
of the aeutral wire since the figuie then sepresents whiat 18 p aciically w angle round
cnteut ancluding the sources of curtent with the two grouje of Lunje i senies, and
there 1v o gutenttal ditference between the ends of the ncutral wire  When this
falance s disturbed, honever, by an anegual nomber of lamgn beang put on the two
sdes, a pratential ditfetence is set up between the ends of thic acutral wire, and the
Voles thus kit or atrorlesd 1an at hase to be sugglied (o the wwince that s on the
e sude as the greater nmber of Lungs ,hc drap on that vde thus Diecomes
greater thanon the other and the teubitem of the supply s mterferad with - Here then
we find o tendem y of the wunes of current, VA L, 1o operate i separate darants o
the Sunc way as they would actually doaf the Limpn were placed o otie sude only of
the neutral wire, amd st mehit peshiaps ta tettes 1o penmancmty armnge them so,
The swatem could be permanenly halanced of 1t were practalde to altegetlier chim-
ate the neutral wire, or to 2o to the other extreme and teduce sts resistance to ml.
Without the neutral wire, however, ne cottld ot use the 1o volt langn singly as at
present, and zovvolt lamge are not yet available, w the nexe best thing i 1o 1educe
the mterference of the citcuts by making the resistance of the neutral wire as low as
}n\ul'lc. It s 10 this el T fancy that an sume instances the neuteal o given three or
e tinies *hie cruns sectivr of the outade wires, and a great deat furttier cnlargement
n the ame ditection would be pesfeesly mttomd, av can be seen, but when it comes
1o multiplying the total weight to an eatent approvimating that of the two wire plan
of distribution, the best courve would be to lay out the wires in the way shown in
Fi13. 8, s as tu sevure not only iminunity from inteeference between the arcunts, tay
at the sume time an oqualization of gatential ditference throughout the whole.
Now the entire argument | have advamced goes to show, T thnd, that we can obe
tun what is Lamed at the vutset of 0y pageer, viz., an equalization of potential dif.
ference, with the <ame total weight of condus tar amd same drop as oltasis i 4 asingle
two-wi © crrcunt, amd the «ame reanlt in a theee wire system with an increase of con-
ductor that has been expressed as 25 j=r cent., but will have been undenstood to re-
eoent an increase s the fropretion of 3, . -1 WK,

Moved by Mr. Campbell, seconded by Mr. Braithaupt, that the
thanks of the meeting be tendered Mr. Keeley for Ius very able
paper. Carried.

Tne Chairman called upon Mr. O. Higman to cnlighten the
members regards the provisions of the Electric laght Act.
Referring to the criticisin in the last number of the CANADIAN
ELECTRICAL NEWS, page 101, he said : One of the objections is
to clause 7, and { explained that the oniginal copy of the dmft of
the Bill included a number of clauses deahing with underwnters’
rules, and acting on i request from the Underwnters' Associa-
tion, those clauses were subsequently stnicken out.  Later on,
however, when the bill was taken up, thatas some few years ago,
I found numbers 6 and 7 rewnstated for the purpose of giving
the consumer the opportunity of beiny able to test s wires for
leakage, giving the consumer the power to catl tn an wspector
1o test the wires for leakage.  The other principal abjections in
this article arc as o the utlity ot this inspection. This is a
matter of opinion. The Canadian Gavernment has thought it
to inaugurate a system of weyghts and measuies spection, and
that system has been in aperation for the past twenty years. as
to weights and measures for the sale of ordmary commodities that
we can feel and handle, 1f it is necessary we should inauguratea
system of dealing with these weights and measures, 1 think
will be readily admitted that with an article impalpable in ats
character, the reasons are cmphasized an hundred fold, as in the
case of clectricity.  Parhament in ats wisdom has deaded
that . isadvisable. \We will take up the bill and sec what
we fir  init. Starting out we will ask ourselves the ques.
1i0n, waul constitules a measure of electricity 2 Whit enters n-
to the measure? To my mind there are four questions to be
considered : First of all, the insulation of the consumer’s wires,
the voliage, the limitation or vanation of the voltage, the accu-
racy of the apparatus itself, and the illumination of the lamps, of
that illumination isa part of the contract? We simply have
power for the testing of lamps for sllunminaung power, but 1t
stnkes me that companies at the present time are not in a posi-
tion to siy that they will give sixteen candie power alluinina-
tion in a lamp, at least they cannot maintain it, because weknow
very well after a very short period the lamp deteriorates.  Now,
taking the first of these propositions, that is, the insulation of
the wires, as | said before, that is not very ricarly dealt with
the Bill, but in the regulations that we propose arranging for
carrying out this work we will endeavor to construe the clause to
mean that and provide for it ¥ think that 1s 2 very reasonable
provision. We had vrepared a Bill with four per cent. as the
himitation of variation allowed, but Parliament agan wm ns
wisdom has decided that is tao much. A gentleman, a Seaator
who was intetested in clectric lighting, and who no doubt had
been thoroughly primed by the Incd company which e repre-
sented, when this clause was reached, moved that cight per
cent. be made the allowable variation.  That is out of the ques-
tion altogether ; that would give you sixteen volts or nmore on a
120 volt system and 8 volts on a fifty volt system. Another
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very learncd electrician who occupies a prominent place in the
Senate, told the other gentlemen that they had Guled to grasp
the mtenuon of the Bidl, and he moved that it be reduced 1o
three per cent., and he cartied s point, so that the Department is
clearly not clutrge ible with this reduction m the percentage. 1
may say that we had a good deal 1o contend agamst i gettng
this Bl through 215 members and between 8o and 9o Sena-
tors,  \We will have electncns i Parlaunens as well as out in
avery short time. . Laghter  Tam afrand w operating the
fifty volt system the three per cent. will cramp them. 1t only
Wlows them one and once-half per cent, as the stated volhiage.
That possibly will be a rather narrow hinat. A drop of one
vo't does not matenally lessen the hght of a fifty volt system,
but at widl ga half & volt further of there s 1 want of prompt
regulatnon m the maching, so while three per cent. may be some-
what cramped  you cannot afford to exceed it much, otherwise
the consumer will not be guaraneed to be getine good light.
We willtake up nest the meters Clause 130 1tis not compulsory,
1t s at the option of the consumer. -

Mr. Cunpbell  1s 1t at the option of the consumer whether
the meter 15 on or not > 1t 1s at their option to have onc on ?

Mr Hhgman  Yes. [tisa queston whether the meter sys-
tem after all will not be the more profitable one, and | do not
think the companies need concern themselves very much about
that.  They sent the meters and the consumer will pay the rent
of the meter.

Mr. A Wnghi: Have we to put in aneter if the con-
sumer says so and get no 1emuneration for it ?

Mi Hapman : 1 ian not guite sure but what there is 2 clause
prov.ding for that. 1 tiink they can charge the rent for the
meter. We have constructed the bill along the hine of the Gas
Companies’ Act, and have comphied with that as far as we can
without encroaching on the electne light.  (Reads clause 13.}
That clause [ hope meets with the approval of the General Elec-
tiic Company. It was made expressly for them. (Read clause

=3, 23 aa0d sub-seeniots, and 28, That will place the going into
aperation of the Act about the 1st of March. It is not ntended
to attempt any more than seven or cight places at the start.
Thosc will probiably be London, Hamilton, Toronto, Ottawa,
Montreal, Qucbee, St. John and Halfax. \We arc in hopes in
the mterval of six months we can get these wto shape and verify
mecters i these places.

With iepard to sub-section A in the last clause.  (Reads.) If
the companzes undertake 1o provide absolutely a stated candle
power, then | presime that is a part of the meter work.

Mr A A Wright © The Government have not yet decided
the number of watts for a 2,000 candle power lamp.

Mr. Hyeman - No  The Departmnent has not taken any action
and probabiyv will not until this Assoctation comes to us and
savs, “we want a standard for ace lighting ” \When that day ar-
rives we shall be very vlad 10 take itup.  While 1 should very
murh like 10 see some arrangement whereby contracts with
mumepalities might be facilitated, | am rather doubtful if this
arrangement of enerey, the number of watts as a standard, is a
praper onc.  That standard elmimates altogether the Iamp and
ihe carbons, two verv smportant factors in arc lighting.  Thatis
mv view, but 1t 1s quite possible that in delivering the 330 watts to
the lamp the company'’s contract would end thete.  They might
get a very cheap lamp wah a very poor carbon, and get poor
figh, but they would perform their part of the contract and there
it would end. | dounoet think, therefore, 1t is a very pood stan-
danl. There o perhaps one other subject 1 can touch upon.
(Reads from same clanse.)  Itis the intentie s for several reasons
10 employ such machinery as the Department has already in
operation.  The Gas Inspectors for the mos  part are very in.
telirent men, and they are well pracuced m Jhose tests. The
gas test, as vou very well know, s a very dehcat~ thing after all.
The test tor ammoma and other things requires 11telbgence and
skill on the part of the operator, and 1 am not w. hout hope that
these men will be able to learn how 1o test the cizctric meters.
It 15 not necessany they should be leamed clectsicians, but 1
think they can be got into shape to do the wark, and thus lessen
the burden on the campanies and the consumers, because the
consmner ts the panty who will nlimately pay all the expense.

M AL AL Wrhght read clause 4.

My Higman . 1 think you have already done so. 1 think in
most companies they have declared the voltage at which they
arc warking.

Mr. Brown 1 thunk thisis a verv unportant pomnt for those
who are using the alicrnatine current.  Forinstance, we uscthe
tifty volt tran~fonner, and supolying a man from that transformer,
the vanation i transformer alone is two and a hdf volts. We
have another drop of two per cent. generally on fifty volt circuits
Teading inte the building, which would make r varniation of six
per cent. [ the Government insists on us regulating within three
per cent., we cannot do 12, and we will simply have to shut our
planis down.

Mr. Higman : But you know already that the drop will be so
much, <0 you ¢an make an allowance for it.

Mr. Brown . But you cannol very well state that. Using a
iane transformer 2 man nught not use very many lights or
might use a lot of them.  They will varv as high as five and six
volts op these lange transformers. You cannot give a man within
three per cent.. no matter how perfect the regulation in the cen-
tral statton may be.

Mr. Thomson : ‘The ordinary transformer to-day will vary
from two per cent. to two and a imlfpcr cent. between small load
and full load. In a transformer alone there is a greater loss than
the Government will allow,

Mr, Higman : At the present time you undertake to deliver
50 volts at the consumer’s terminal, or 32 volts. 1 do not care
what it is, but you do stite it 1 your contracts

Mr. Thomson . Suppose there were two houses—one man in
one street would use ('i\'c hights, and the next man would use §5
lights off the transformer ; between those two there is a drop in
the transformer of two and i half to five volts without counting
the wiring arall.

Mr. Higman : You cannot afford to have a very wide vanation
on the 50 volt system or you &re not gomg to have a very sats-
factory lamp.

Mr. Thomson - [ believe it is impossible o0 get a transformer
that will give yeu 9o or 93 per cent. of efficiency with less than
that drop in the transformer.  If you decrease the efficiency of
the transformer you might get the result of that drop, bwt the
object now is to keep the transtormer with very high efficiency.
As to the wiring, you cannot wire an ordinary building at one
per cent.

Mr. Higman : Take the voltage at the terminals, there would
be 2 loss at any rate, 1 suppose.

Mr. Brown : | ihink they ought to give us an allowance of six
per cent. on any voliage.

Mr. ‘Thomson : 1 do not think there is a central station in the
country to-day that does not vary more than six per cent. —ten
to fifteen per cent. very often.

Mr. Higman: 1f it is found to be unworkable we can see about
that. I hope next year when the convention tneets again some
progress will have been ade in that direction,

Me. John Langton, of Toronto, was then called upon to read a
paper on “ A Note on Possible Reduction of Station Plant on
Small Electric Railways by Multiple Series Control of Motors.”
(See page 144.)

Mr, Campbell : 1 can thoroughly agree with Mr. Langton in
reducing the statinn capacity of the dynamos. In Kingston
there is a plant suppused to run five or six cars. We
follow out Mr. Langton’s ideas in that respect. \We run the
motors in scries altogether.  On the yenerator we run eight and
ten to twelve cars instead of six, and the generator isnor aver-
loaded. \With those cars hauling trailers they will not go over
9o amperes gencrally. There is not only a saving m the gener-
ator, but there is a saving on the motor, in reduciny the voltage
around the commutator and making everything run easy. It
can be all traced, 1 think, to the parallel controllers.

The Chairman : There is a paper by Mr. John Gal, of Tor-
onto, bu* hie is unfortunately confined to the house and unable
to be present.  He requested his paper to be presented, and
hoped any discussion that might be had would be referred to
him and he would be happy to reply thereto.

At 415 AL the meeting adjourmned to take a tnp to Back
River over the Mantreal Park and Island Ry, on the invitation
of the management of the 10ad.  On arniving at Back River the
members partook of their annual dinner at Peloquin’s Hotel,

Presidenmt J. J. Wright was chairman of the evening, and the
first toast he proposed was * The Queen,” which was responded
to with cheers and the singing of the National Anthem.

The next toast was “ Qur Sister Societies,” the National Elec-
tric Light Association of the United States and the American
Society of Electrical Engincers.

Mr. Francisco in responding on behalt of the National Electiic
Light Association, said : This inceting to-night reminds me very
forcibly of the royal reception that the aitizens of Montreal
tendered the National Association at the tune they held
their convention at Windsor Hall here.  Whether 2t wasihe pe-
culiar cffect of the Governor-Genceral’'s presence that night, or
the peculiar air from the ride on Mount Roval that aficcted the
members at the time 1 cannot say, but I think if a vote had been
taken that nigh® hat the great scheme of annexation would have
been carnied ou..  That is, instead of annexing Canada to the
United S-ates, they would have annexed the United States to
Canada. (Hear, hear.) The reception reccived here by the
Natianal Association at that time has been not only electrically
but indelibly impressed on the memory of every member of the
Association, and 1 trust and hope the time is not far distant
when this Associatian and the National Association will be
one society and onc brotherhood, extending from the Atlantic
to the Pacific, and from the Gulf Stream to Hudson's Bay. Then
we will aliernate these conventions on the other side of the line
and on this sidc, until finally it shall be so managed that there
shall be no ling, it shall be all onething. This, [ trust, 1sa mat-
ter that will be entertained by your Associauien, It has been
discussed heretofore R good deal, and at our next convention,
which 1 presume will bein Cleveland, Ohio, we cordially invite
all of the members of this Association 10 meet us at that time.
We cannot give you the peculiar influence that Montreal has
upon the members ¢f any Association, but we will tender you
what cordiality and greeting can be produced on the other side
of the line.  ‘Hear, hear.s  Trusting that this meeting which 1
have had with you, and the pleasure 1 have expenenced in
connection with this mecting with your Association, may be
rencwed and continued at that time.
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Mr, T. D. Lockwood, of Boston, in responding on behalf of
the American Association of Electtical Engineers, said @ Mr.
President aind Gentlemen . 1 would for your sakes 1 were hkemy
friend, Mr. Francisio, & silves-tongued ortor, for 1 wonld know
then what tosay. DBut | unfortunately donot come n that cate-
gory. This is something new to e, at least—1t has not been my
eaperience for a wreat many years to be atadinner where * God
Save the Queen ” was sung, aml 1 want to say here that 1 hke
it. (Hear, heary 1 am glad you did not proceed to go on and
sing the other verses, which, if 1 remember right, and [ sung nt
myself some forty years ago, goes on to confound other people’s
politics. (Laughter.)  Which of course ought to be confounded
from a Bruish point of view. It is one of the privileges of a
person responding 1o 2 1035t to say as ltle on the subject of
the toast as possible, so I am proceeding on that hne. 1 am
very glad wdeed to ance more listen to those famtliar words
which have just been sung. 1 think we have great reason to
congratulate ourselves that in this last decade of the nincteenth
century we have some half dozen electrical societies in the two
countrics, the United Siates and Canada.  We hitve had more
perhaps, but 1 do not think that there has ever been a time when
the electrical sacieties of these countries have been on so sats-
factory and useful a basis. 1 can remember when at the annual
meetng of the Institute of Electrical Engineers it was very hard
to muster a corporai’s guard.  We had the Secretary to read
the papers, which were few, and the four or five persons who
heard them would go out occastonally with a friend, which would
consequently leave no persan on the floor to lsten to aad
discuss them. (Laughter,) No doubt many of us are
members of that Institute and we receive the proceedings repu.
larly, and while sometimes there are papers no doubt admitted
which should not be, as is the case in all societies, as a rule
the papers are good, good to listen to and better to read.  And
I would like to add this suggestion, which 1 think s pertinent,
not anly to them but to all other societies, and that is, that it is
a splendid rule not to check discussion unless it goes
to personalities, for it is my experience as well as yours, |
think, that the real value of a good paper lies in the discussion
it elicits. 1 think the American Institute of Electnical Engin-
cers, the National Electric Light Association and the Society
with which 1 have now the honor to be associated, are per-
haps the three leading socicties of the kind, leaving out, of
course, that one of all of them, the Instituie of Electrical En-
gineers of London, which I think is shghtly in the lead of any of
us, and it seccms to wme that it is the duty of mewmbers,
if possible, to prepaze papers when called ugon, and be
ready to discuss papers, because even the younyest of us and
the most inexperienced no doubt has something which can con-
tribute to the well-being and instruction of the others, because
the experience of cach one of us is certainly different.  Natonly
are men different, but they look upon things from different points
of view, and frequently a suggestion from one who knows com-
paratively little about the art in which he is cugaged may be
the sugeestion that others have been lookin, for, and perhaps in
vain.  You younger men have advantages which we older mnen
have not had.  Most of you are graduates of technical institutes
or of other educational institutions where you are not only taught
the work but the doctrines and theories and reasons which un-
derlie the practice, which we hitd to find out by rule of thumb
and hard experience. 1 heard with great interest the remarks
of my friend, Mr. Francisco, but 1 wmust confess 1 am nat able
to agree with some of them. I like the iden of having two
socictics at least. I like the iden of each nation having its own
society, if only for the reason that we can attend the conven-
tions of the two socictics and have a dinner with each of them.
(Laughter and applause.) And such a dinner as this is enough
rcason for the separate existence of not only two, but two
hundred and two. Thanking you for your kind atication.
(Applause.)

The President called upon Mr. Marples, of the Montreal Park
and Island Railway Co,, to say a few woids.  Mr. Marples said
this was a very unexpected pleasure for him, and in the name of
his Company he wanted to thank hearntily the members present for
the honor they had conferred on his Compans by accepting their
invitation to travel out over their road. My, Marples went on
tu describe how the wark was begun on the road and the diffz-
culties they had labored under. He thought these railways
waould be one means of building up Canadian cities.  His Com-
pany had met with great successes that were not expected, and
they intended yoing on and extending their line until the whole
Island was cncircled.

The Chairman proposed a toast to the Canadian Association
of Starionary Engincers, which was drunk amid applause. The
toast was responded to by Mr. A M. Wickens, of Toronto, who
heartily thanked the 'resident for calling on him to answer on
their behalf. He was proud to say the Society of Stationary
Engineers had for years been working on the same lines as the
thé clectrical men.  He believed the statianary enginecrs had
more depending on their skill than men in any other business,
and notwithstanding all the difficultics they had to contend with,
he was glad to say they were holding their own in the land.

A toast was drunk to Mr. McFarlane, who wesponded amid
cheers, and expressed the hope that all had enjoyed their visit
to Montreal thoroughly. The Convention had been a complete
success.

THIRD DAY,

At 10730 A M. on the 21st of September the President opened
the mecung and took the chiaiv.  The first busmess, he saud, was
any discussion there maght be on Mr, Galt's paper.  As it was
a very able paper he cdid not think it shoutd pass withowt some
discussion on the part of the members.

Mr. Breithaupt - This paper of Mr. Galt's 1s a very mteresting
production, and a scientific production to a large estent.  We
have all recogmzed the difficulty we have encountered with fly
wheels.  While I have not had the time to look over Mr. Galt’s
paper very much n detail, in conversation with Mr. Galt some
tune ago, | recognized the principles he means to apply in this
construction of the fly wheel. He applies the tension on the
rim of the fly wheel in a strawghtinstead of i a bending position
as it is at present in the spokes.  To go into a detaded discus-
sion of the paper it would have to be read up very carefully. 1
think it is a very able production and I have very much pleas-
ute m moving a hearty vate of thanks to Mr. Galt tor tus paper.

Mr. Sperry : Before that motion is seconded and put through,
I would like to say one word. 1 read the paper coming
up on the teain last night and 1 want 1o agree with the previous
speaker that it is a very ably preparced paper indeed, and it is
a subject that is atiracting a great deal of attention at the
present time, as we all know. In looking at the cuts, (Fig. 7.)
i might be thought that i the spokes put in there are some of
them tongued, but 1 do not understand that 1s the case. It
scems each spoke A and A' as it goes down from the vim presses
upon the hub in a spiral way, passes around on the outside and
poes back to the rim. It makesit a very ingentous arrangement,
because cach spoke not only forms a tungential tension there but
forms a lateral brace.  Thisis the first ime Fable 5 has been pub-
lished, I think, and it is certanly a very valuable additon to the
designer's tables. At a glance it will give youwhat you want, 1
am glad this paper has been produced, and 1 have tiken much
pleasure in reading it myself.

Mr A, M. Wickens: There are so many flywheel acaidents
that the paper to my mind on that ground alone, 15 most valuable.
Asthe use of engines in this line has increased the manufaciurers
have begun 1o make a fly-wheel pulley with a very wide face to
get the driving surface for belting, &c., they requited, possibly
sacrificing the strength of the im a bit. The artuicle very
pliinly shows what efiect that trouble has. Some years
ago we hadly ever heard of a flywheel accident 5 we did not have
the rim we have to-day. At the present time the whole tendency
is to uet plenty of energy stored in the nm of a wheel, but from
the fact that we are spreading our wheel rims out so far we have
an inherent weakness there that should be overcome some wav.
The paper s very valuable on the hines supgested.  ‘The require-
ment to.dwy is a flywheel with a speed thatis safe.  Recent
flywheet accidents have nearly all occurred in conjunction wi h
other accidents. The engines were going ahove their not ual
speed, and of course in building a wheel the idea s to make one
that is practically safe at a suitable speed and will keep the cost
down. [ think if the ideas in the paper ate followed out nt 15
highly valuable. [ take much pleasure in <cconding the mation
of thanks. Carried.

A paper on “ Telephone Cables, their Construction and Maun-
tenance,” was read by Mr, F. J. Schwartz, of the Bell Telephone
Ca., Montreal.  (See page 1237

Mr. Kecley in discussing the paper said : As 1 happened to
be associated with the telephonea long tume 1 take a keen
interest 1n anything pertiiming to it, and I must say the Associa-
tion will be very glad veai. hience to haveon record this splendid
paper that Mr. Schwattz hasgiven.  Mr. Schuwartz says, *atonc
time the telephone man had the earth.”  We all want the canh
sometimes, and now the electric rsilway men have it they ought
to be very happy. 1 remember awzxy back in 1872 when 1 was
in a telegraph office in Kingston, I heard of the Western Union
putting in a pneumatic tube in New York.  They had occasionto
put a wire through it and were staggered how to do i, After
two or three vain attempts it occurred to Mr. Garrett Smith,
who was considered a genius at the time there, to procure a
weasel and a rat.  He tied a string to the mt's tail and put the
weasel in afterit and it went through.  But thisis not on record.
(Laughter). In regard to group 7. (Reads from paper). Fancy
findingy a burn unde 2 clip. Those clips are run along and you
will notice at the same time what a very small section of the
cable has been cut out. Fancy all these clips to be runming
from polc to pole and an electrician being able 10 sit down and
say that the trouble is under a centain clip and going down to
that pole and taking the clip off and finding the trouble under it.
1t is a most extraordinary thing, and sometmes 1t would be very
important in the interests of students to know what methods
were adopted.  Mr. Stevens, who was a prominent clectiioian of
the Maintenance and Construction Company, of london, Eng-
land, told me once that in all his vast expericnce he had found
that personal equation as it is called genelly was depended
upon by all successful electricians in tesunyy for faults. Some-
thinyg scems to suggest to a man the method that he s adopting
is false, he tries another method and if he gets a reading he s
satisfied is correct, he will go that way. 1f we could from tumne
to timc put on record what we have done and how we have
accomplished certauin results it might in the end reduce the thing
down to some rule of thumbancthod and get results very rapid-
ly without having to go into a great deal of experiment. [ have
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apain to exptess my gratification to Mr. Schwartz for putting
this paper before us.

M7 T, R. Roscebrugh, of ‘Toronto, read a paper on * Duplex
Telephiony ™. {Sce page 1400 .

Mr. Lockwood . I would hke to ask Mi Rosebrugh what is
the longest length of hne that this system has been practically
operated on. | understand it 1s hemyg practically tried between
‘Foronto and Yorkville. s there a piactical line beng operated
in Canada upon the prindiples enunciated in the paper.

Mr. Rosebrugh | undeistand frem My, Bayhs thatat has
been successfully ipplicd between Toronto and Hamilton but s
not n ordiniry use, s they very frequently wish to extend one
of the metallic aircuus further west and the extension would
throw the system out of balkince.

Mr. Dunstan : Mr. Bayhs will be very happy to state exactly
what our experience has been. lle can tell you better than 1
can how it works between “Toronto and Yorkville.

Mr. Baylis © We have had three lines in ‘Toronto working on
this principle.  “The first one was set up on a tunk hine between
our maun office and one of the brauches.  This worked very well.
‘This hne has worked cver since we put it in, and we have had
httle trouble with it.  We have had some shght difficulty in
nngmy over the two original lines,  The second line was put in
between Toranto and Hamilton  ‘This was not satisfactory be-
cause Qakville used one of the hines for their conversations.,
and when they cut in it rendered the other two circuits useless.
Last yeat we budt another hine and that gave us two direct wires
between Toranto and Hamilton, not used forlocsl conversations.
We duplesed these two lines and the derived hine is now work-
g very satisfactorily for conversations between subscribers in
‘Toronto and Hamilton. But if for instance, Woodstock and
Peterbory’ were talking over one of the hines between ‘FToronto
and Hamilon it would be impossible 10 use the duplex, as it
would be tao noisy. We have a three pait cable to the Island,
and three statiops working there. We left one pair idle and
duplexed the two working lines, putting the third station on the
derived line.  That worked very satisfactorily. Thete was not
very much business done over the line but what was done went
through without any trouble. It scemsto be a very practical
thing to do with long distance iincs that are not used for local
work. It scems to be a perfectly practical thing to do within
certain linmats.

Mr. Keeley : 1 should fancy if Mr. Rosebrugh would refer to
the drawing, thatan Fig. 2, 1if the wire marked 2Cs were grounded
this system would not work.

Mr. Rosebrugh - 1t1s supposed to be connected cither with
the corresponding point which connects with Qt on the second
circuit s0 as 1o use each metallic as a single conductor or else
to use anather separate wire connecting with the other end of
the first metathic. 1t will not work as well unless the transposi-
tion were perfectly carried out.

Mr. Keeley : That is to say you contemplate using two pairs,
that is as illustrated in Fig. 2 there are two metallic circuits and
those two are utilized to form the sides of a third circuit.  You
would have three working circuits on the four wices. How
would you manage if yoi: bad two wires? Would you have a
metallic circwat into 2 and this extra circuit by wire running
back to the other end of the line where the R2Ct goes in?

Mr. Rosebrugh : I think it could be done that way, but I am
doubtful whether a perfect balance could be obtained.

Mr. Keeley : As | see it there would be a leakage. You can
talk wah that telephone at 1" 5; yeur transmitted current would
be divided at the point T, n R and travel both sides of the
metallic circuit and come out at the telephone coiresponding
with Ts.

Mr. Rosebrugh: 1 think that practically none of the current
which was produced by cither of the transmitiers in the onginal
metallic circuit Fiand F2 would pass over that branch, because
the middle point, P1, can casily be proved to bz of the same
potential as the corresponding point at the other end of the me-
tallic. Thus, if you usc current produced by cither of the trans.
mitters, beny of the same potential, there would not be any
tendency for any current to go between them.

Mr. Danstan :  In regand to the derived circuit, 1 would say
that 1f one of the omuinal metallics is thrown out of balance
from any cause whatever, not only will the derived circuit be ren-
dered useless, but the original metallic will also be made noisy.
You would be cblized to then cut out your duplexing apparatus,
and lose the denved circuit unul the defective metallic is put in
order.  1f you depend upon the detived circuit for your every-
d:\y business, to the same extent as you depend upon actual cir-
cuits, vou will find 1t a serious matier to have two lines rendered
useless in that way.  Suppose you have three circuits, you may
find yourself any day with only one circuit actually warking.
Ervery troubleis multiplied by two if notthice.  Of course where
the wires are 1n cables there is not very wuch danger, but in
overhead wires not in cables, and where there is a possibility of
lines being  thrown out of balance, *here is the creat objection
which 1 have mentioned to the use of the derived circuits for o1-
dinary everyday business.

¢ Mr. Lockwood @ Mr. President, 1 think 1 can well conceive
a subject like this 10 be of great interest, but more particularly of
interest to some of us, yet to those to whom it is interesting at
all  is of vital interest. Of cours~ the one primary thing
1o be achieved in duplexing telephonc lines as well asin duplexing

telegraph lines is indicated in the first column of the paper, viz,,
to place the teceiver of one of the sides of the duplexing ap-
paratus in such a postion that it will not be operated upon by
the tmnsmitter at the same end.  ‘The mode of duplexing icle-
phones indicated in this paper s, it seems 1o e, the most plausi-
ble as well as practical way, and probably the way in which suc-
cess, practical commercial success, will be achieved, if it is at
all. 'do not think the defficulty in the way of such success is at
all over-stated, and for this reason, the changes occurring 1n the
telephonic cutrent must of necessity be equal to the changes in
the voice producing the working current, and ! think they rise
to as lughas 28,000 per second sometimes, and of course those dif-
ficulties will be accentuated as you ncrease the lenyth of your
line.  For that reason 1 think Mr. Rosebrugh is quite hopeful,
and if you will permit me to say so, a little optimistic in duplex-
ing the Chicago and New York line. It is not so that people
who ate connected with electrical works do not try experiments;
although it is often assumed by persons having nventions or
writing papers, that those who are pracucaily engaged in any
form of clectrical application neve: try experiments with any.
thing. Of course it is not so in this case, as Mr. Rosebrugh
knows there are some of us engaged mn telephomic work, who
occasionally think about such matters as these, And I am very
glad indeed that [ have the opportunity of rendermg a well de.
served tribute to Mr. Black, of Hamilton, Canada, who with Mr.
Rosebrugh’s father, was the projector of the very first mode or
method of sending two kinds of communications, one telephonic
and the ather telepraphic, ever the siume wires, and that as early
as 1878. On the Boston and New York circuits, which are all
metallic, we could work eich of the two sides as a separate tele-
graphic circuit, and while we worked the telephonic circuit,
Brokers were telegraphing their quotations over the line while
we were using the other circuit for subscribers totalk over. The
brokers sometimes found out_that other people were using the
same wire as they and they felt a little aggrieved because they
had not 2 monopoly of the wire, even if it did not make aey dif-
ference to their work. The man that uses the telephore does
not know the two sides are used at all.  This was an invention
ot Prof. Van Risselburg. I may say here that this very arrange-
ment that Mr. Rosebrugh shows in his figure 2, has turned out
to be really the best arrangement for telegraphic work on a tele.
phonic cirtcuit. That is, the two metallic circuits may be vsed
for telepraphic work while the telephonic message is interposed
between them.  Our experiments, however, such as 1 have had
the good fortune to be engaged in, in this line, show that it is very
difficult indeed, although we can readily talk over short lines on
the methods proposed here, to work successfully a duplex of this
nature for an extremely long ling, and for the reason that when
there are four lines or even three lines engaged in the communi-
cation a very small trifle upsets the balance and throws the
whole arrangement out. No doubt for lines of small length
it will prove quite practically and commercially useful. 1 will
throw out one further remark for which 1 hope Mr. Rosebrugh
will pardon me. Anyone who puts in a paper expects to be criti-
cized. [ should not inention this, but he speaks of resistance
as being “ Ohmic ” resistance. 1 ame sure he will agree with me
that there is but one kind of resistance, and that, therefore, speak-
ing in cold blood and cutically, we shouid not call it any kind of
resistance, but simple “resistance.”

Mr. Roscbrugh : 1 was merely using the ordinary language
of the clectrical journals of the present day.

.\)lr. Lockwood : Extra-ordinary language, you mean. (Laugh-
ter.

Mr. Breithaupt . 1 move a vote of thanks to Mr. Rosebrugh
and to Mr. Schwartz for their lughly instructive papers.  Second-
ed by Mr. Keeley. Carried.

Mr. Medbury extended to the Association an invitation to
hold the next Convention in Ottawa.

Mr. Higman on behalf of the Departinent of Inland Revenue
extended a hearty invitation to the Association.to go to Ottawa
next vear, and guaranteed a first class bill of entertainmnent
would be provided.

Mr. Taylor on behalf of Peterboro’, extended an invitation to
that town, and pointed out its many advantages ; among others
members would have the opportunity of inspecting the Canadian
General Electric Co.’s worksin operation there.

Mr. Medbury stated that if the Convention were held at about
the same date next year, cheap rates could be got on all the 1ail-
ways, which would be an inducement.

Mr. Higman said that as an extra inducement, he thought a
room could be got in the House of Commons where the Con-
vention could be held.

Mr. Mcdbury on behalf of Messrs. Aheamn & Soper extended
an ipvitation to all members wishing to go to Ottawa to-morrow.

Mr. Lockwood :  Mr. President, I wish to express to you and
to your Association my highest sense of appreciation of the kind-
ness and courtesy which this Association collectively and in-
dividually has displayed towards me in inviting me to take part
in your deliberations and especially in electing me an honorary
member. 1 do not asciibe all of this courtesy to my individual
mernts but 1o the fact that T am still 2 prominent member of the
institution on whose behalf 1 responded last evening. 1 have
been profoundly affected and highly delighted with the many
courtesies and kindly words and actions I have received. 1
desire especially also to extend muany thanks, and my sense of
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gratitude for the many kindnesses 1 have received in conjunction
with the members present, from the gentlemen who represent
the Montreal end of this Association, Messts. McFarlme and
Carroll, and to state that my thanks certamly are due to them
for 1he many pornters and kimd words and good things [ have
received at their hands.  (Applause.)

Mr. Dunstan . \We have all been more than delighted to
have Mr. Lockwood with us.  We consider ourselves fortunate
that he huppened to be bere at tlns particular junctmie. \We are
glad he is our first honorary member, He has contnbuted
greatly to the interest and pleasure of the meetmngs. s re.
marks on the papers have been nteresting to everybody. |
think I express the united sentiment of the Association when |
say we hope he may be in Canada next year, and that we may
have the pleasure of mecting him at Ottawa.

Moved by Mr. A, B Smith, seconded by Mr Yule, that an
allowance of $25 be made from the funds of the Association to
meet the expenses incurred by our Secretary-Treasurer winle in
attendance at this meeting. Carricd.

Mr. Medbury read a telegram from Messrs. Ahearn & Sope, of
Outawa, cxtending a cordial invitation to the Association to hold
its next meeting in Ottawa.

A vote on the next place of meeting: of the Assoctationresulied
favor of Ottawa.

Moved by Mr. Dunstan, seconded by Mr. A. B. Snuth, that
the next Convention be held in Ottawa, and 1t be left to the
Executive Committee to decide the exact date, it bang under-
staod the meeting shall be, if possible, i the early part of Sep-
tember. Carried.

ELECTION OF OFFICERS.

Mr. Black nominated Mr. K. J. Dunstan, of Toronto, for
President.

M. L. B. McFarlane was nominated, but
honor.

4 Mr. Taylor nominated Mr. John Yule, of Guelph, for Presi-
ent,

The Chairman appointed Messrs. John Langton and A, M.
Wickens as scrutineers.

The vote resulted in the election of Mr. K. J. Dunstan.  The
Chairman thercupon declared Mr. Dunstan clected Presi-
dent for the ensuing year.

Mr. Dunstan said he recognized it was a position of hanor
and responsibility to which he had been elected, and he would
do all he could to forward the interests of the Assactation.

For 1st Vice President, Mr. Higman nonunated Mr AL B.
Smith, of Toronto.

Mr. Paige nominated Mr. John Carroll, of Monteal.

Prof. Roscbrugh nominated My J. \V. Taylor, of Peterboro’,
but he declined the honor.

Mr. John Yule nominated Mr. C. Berkeley Powell, of Ottawa,
for 2nd Vice-President.

The vote resulted in the election of Mr. Smith for 1st Vice-
President. -

As theie was only one nomination for 2nd Vice-President,
Mr. C. Berkeley Powell, the Chainnan declared him elected
by acclamation.

Mr. Breithaupt nominated Mr. C. H. Mortimer for Secretary-
Treasurer.

As this was the only nomination the President declared Mr.
Mortuner unanimously elected.

The 5 members of the Executive who were re-clected for the
ensuing year were :

Messrs. George Black, E. C. Breithaupt, L. B. McFarlane, T.
R. Rosebrugh, Jobn Yule.

The nominations for the five new members of the Executive
were as follows :

Mr. Medbury nominated Mr. John Carroll, Mr. Paige and
Mr. D. Starr.

Mr. John Yule nominated Mr. J. j. \Wright, of Toronto.

Mr. McFarlane nominated Mr. O. Higman, of Outawa.

Mr. D. Starr nominated Mr. J. A. Kammerer, of Toronto.

M. Paige nominated Mr. J. W. Taylor, of Peterbora’.

Mr. Dickinson nonmunated Mr. A. M. Wickens, of Toronto.

Mor. Tavler nominated Mr. F. Thomson.

The result of the balloting was the eleciion of the following
members :

Messrs. O. Higman, of Ottawa ; J. \V. Taylor, of Pcterbore’;
D. Starr, of Montreal; J. J. Wright, of Toronto. J. A. Kume
merer, of Toronto, and John Carroll, Montreal, having each an
cqual number of votes, Mr. Carrol! retired in favor of Mr. Kam-
merer.

The Chairman then calied upon Mr. Eimer A. Sperry to read
a paper on * Electric Brakes.” (See page 133.) Mr. Sperry pro-
duced alarge number of photographs, which fully illustmted
the workang ofthe brake, and which Mr. Sperry vsed inillustrat-
ting his paper.  He also brought into use for purposes of
illustration a specimen brake

Mr. John Langton moved, scconded by Mr. Medbury, that a
votc of thanks be tendered Mr. Sperry for his able exposition of
the Elcatric Brake. Carried.

Mr. Dunstan maved a vote of thanks to the Press of Montreal,
the Montreal Park and Islind Ry. Co.. the Eugene Phillips
Electrical Works, the Montreal Sireet Railway Co., the Bell
Telephione Co., Messrs. Ahearn & Soper, of Ottawa, and all

declined the

others who had extended couttesies tothe Assonation.  Second-
ed by Mr. Hygman and cartied.

Mr. McFarlane moved o vote of thanks to M1, John Home
for the use of the valuable papers that he tendered the Associa-
tion.  Scconded by Mr, W, F. McLuen  Canned,

At 2 paw the Chaitman declared the Convention adjourned
to meet m Otlawa nest year.

fmmediately after adjournment the members of the Assocta-
von avinled themselves of the kind mvianon of the Eugene ¥,
Phillps Electncal Works to enjoy a donve to Mount Royal Park,
and of the Montreal Street Ranlw iy Company, to mspect thewr
new power station. . A couple of hours wese thus most pleasant-
ly and profitably spent.

THE ST. STEPHEN ELECTRIC RAILWAY.

The St. Stephen Electric Street Ratlway s completed and s
one of the most thoroughly cquipped roads wm the mantume
provinces. Itis laid with 56 pound steel rals.  The cars are of
the very latest and most improved make.  The company has
four open cirs for sununer use, and has ordered three “traders”
to be drawn by the regular cars In case of a rush.

‘The power house 15 budt so as to be easily enlarged as soon
as the growth of the road requires it.  There e seven nules of
track.  Starting from the shore hine depot the roid runs up o
Milltown, then n a south-westerly direction to Cakius, Me,, and
back again to the starung pomt.  The company will endeavor
to make the round trip i half an hour.  The carmings of the
road have averaged over $100 a dity since v was opened.  Every
effort will be miade to run the cars during the wmter.  The come
pany has provided itself with improved snow-plows and all the
equipment necessary to keep *he road open all the year round.

The St Stephen and Calais people have had grem difticulty
in getting the rond.  The first charter was guanted some eight
years ago.  But two years have clipsed since the muatter was
actually agitated on this side, and a charter granted to Frank
Todd, Henry Todd, C. W. Young, G. W. Ganong and trving R,
Todd. Then Calats partics with George A. Curran at then head
had their charter renewed and steps were taken to interest foreygn
capitalists and bave the raad constructed. AL F. Gerakd, of Fair-
field, Me., 1. C. Libby, of the Waterville Loan and Trust Com-
pany, and H. B. Goadenough, of Boston, from representations
made, concluded that there was a chance to make 4 dollar i the
border to'vus and they guarantced the necessary capatal.  The
St. Stephen charter was male over to the Calius compiny, for
purposes of management, and the latter company was organized
with the following officers :—H. B. Goodenough, president ; 1.
C. Libby, weasurer; George A. Curran, clerk 3 Co AL Richard.
son, C. D, Hill and W. H. I1ke, directors s AL F. Gerald, general
manager. George A. Curianis counsel for the company and acts
as local manager.

After a mutually satisfactory arrangement had Leen made with
the border towns & contriact was entered into with the Worcester
Construction Company, of Worcester, Mass.,, and the work of
track laying in Calais commenced on June tst.  The cars were
running in Cakus on July geh and then a break was made
St Stephen, where the first car mnde its trial tnp on August
22nd, unearly a week’s deliry occurning in getting a right of way
over the upper bridie.  As was natural in connection with an
enterprise of such magmtude, there were some conflicts of mter-
est, but the company cheerfully complicd with every reasonible
demand made upon them.  Mayo Clarke in St. Stephen, Mayor
Ray in Milltown, 1nd Mayor Murchic in Calais, looked carclully
after the interests of their respective towns and pave freely of
their time te guard the interests of all.  The road is completed
as far as it can be until the new bridge is built, and the yeneial
opinion is that it is thoroughly constructed and well equipped.

TRADE NOTES. «

On another page will be scen an advertisement by Mr. Geo.
\White-Fraser, who has started a geaceral consulting and con-
structing clectrical engincering practice.  The want of imdepend-
ent clectrical engineers of expenience has tuthento forced intend-
ing investors 1n clectiical enterprizes to place themselves more
orless in the hands ofthe manufacturning companiesorthesragents,
who are of coursenterested 1in keeping up prices and in pushing
the sale of special lines orsizes of machinery, which may or may
not be best adapted to thair requirements. “The special functions
of a consulung engncer are watching the interests of hus chents,
sccuring for them the best machinery at the best prices, check-
ing the contractors, and gencnally counteracung the efforts of
the agents to secure then own interests at the expense of the
purchaser.  The speaifications whercon clectric installatims are
based should be the work of experienced men, mstead of being,
as they too often are, made to swit particalar “systems ” of ma-
chinery, to the exclusion of others.  Mr. Fraser, by long evpen-
ence in the lighting and rulway field, should be well quahiicd to
ensure the interests of his clients, who, we understand, are already
numerous.

The electric fan s being used as the central feature ina pame
of chance.  The madus operandt is to paste a number on each
blade of the fan, then cause the fan 10 revolve slowly, and wiile
it is revolving wage which number will be at the bottom when
the fan comes to a stop.
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THE INJECTOR.*
By Atukiet 13 Eukins,

WHEN we take into consideration the vast number of injectors
that are in use for feeding steam boilers, it seems somewhat
strange thit the principles which govern their action are not
more gencrally understood.  Proabably there has no other apph-
ance been placed i the bands of the engincer for operation, of
the principles of which he has known less, and yet has been able
to work so successfully.

In speaking of the pnnciples which govern the action of the
injector, [ wish it 1o be disunctly understoed that 1 do not allude
to the pages of complex formuia and matter, to be found in every
scientific work on the subject, and which are too tar advanced
for men of limited education o understand ; but what 1 alludeto
as the principles of the injector is the common, everyday prin-
aple involved, and which can be readily understood by any
engineer who can read, and is endowed with ordinary intelli-
gence.

We can well afford to teave the formulas for the proportioning
of the jets of the injector to the scientist and the makers of them ;
but what we want is to know sufficient of the principle of the
instrument to enable us to keep it aperating successfully, and in
case of a failure to be able to detect the cause thereof. Itis
with these things that this paper is calculated to deal,

The injector, we are told, was wvented by Gifford over thurty
years ago. 1 have heand it sud, or 1 have read it somewhere,
that the original inventor was experimenting with some appats
atus on a steam boiler, when he found to his surprise that it was
possible to inject water into & boiler by utilizing the steam pres-
sure of the saume boiler.  Tlis scemingly pasidoxical result was
very much wondered at, and we can casily imagine thatat would
be loaked upon by many as an atter impossibilny.

E w»—

Steam

D
xlu
Fii. 1.

Referning to diagram No. 1, to a person having no knowledge
of the subject, 1t does certainly look unlikely that water could be
forced into a boiler by the very steam penerated within it, and
this oo (as is often the case) in the bottom of the boiler, where
the pressure is greatest, in consequence of the height of water
in the boiler.

Diagram 1 represents a section of the wjector, and boiler also,
from which the injector takes its steam to operate wt in feeding
water into the bottom of said boiler. A, represents the dome or
steam space from which is carricd a steam pipe B, which is con-
nected to a cone C, which is connected to a tank full of water
D. Thecone Cis connected to another pipe or cone E, thiongh
which the water is driven into the boiler,

All the valves and cocks are left out in the sketch, as they arc
not necessary for illustration.

To a person unacquainted with steam engineering, the idea of
this arrngement of tubes forcing water into the same boiler from
which it 1s supplied by pressure to operate it, might look absurd
or mipossible, but 10 us, as operative enyincers, it is quite feasi-
ble ; in fact we see it in successful operation every day.

We will now find out what would be the velocity of steam issu-
ing from an opening of one square inch.  If the pressure in the
boiler be five atmospheres, or 75 1bs. per square inch, and the
temperature of steam a1 this pressure be 207 F,, the weight of
12 cubic inches of steam will be "001149 pounds.

As the steam has to flow out against the atmosphere, the
effective pressure, to which the flow would be due under above
conditions, would be 73 lbs. - 15 Ibs.=6o Ibs. per sq. inch,  If
we take a pipe with 1 sq. inch area, and we necﬁo put in that
pipe 6o Ibs. of steam (i.e., 6o lbs. weight of steam), how long
must the pipe be?

To find the necessary length of pipe we have only to divide
the total weight, or 6o tbs., by the werght of 12 cub. 1n. of steam,
under a pressure of 60 lbs. per sq. inch, which 15 ‘001149 1bs.

‘This will give us = 352,218 feet.

001140
1f we now take the formula given by D. H. Clarke for deter-
mining the velocity of steam tlowing from onfices into the
atmosphere, viz.:
. v *3.501 h.
Where \" = velocity n feet per second.
h = The height or length of 4 column of steam at the
given pressure and of uniform density,

* PPajer read before the th Annual Convention of the C. AL S. F.

‘Then we have §2.219 (228.4 =feet

4
42) 122
84
448) 3819
35384
4364).22500
18246
4344
‘Then 2284
3-59
20556
11420
68352

819.956 = velocity in feet per second, which
steau at 6o 1bs, will flow nto the
atmosphere at constant deasity.

Dr. Kinnear Clark tells us that the lowest initial pressure for
which the preceding formula for determining the velocity, can be
safely used is 25737 lbs. per sq. inch. This formula has been
Loine out, we ite told by the esperiments of Mr. Brownlee,

There is a point regarding the flow of steam through orifices,
which I have only became acquainted with myself, since study-
ing the watter up for this paper, and [ thought it well worthy of
mention. It is this: The flow of steam of a higher pressure into
a space of .41 lower pressure, such as the atmosphere, increases
as the difference of pressure is increased untit the outside pres-
sure is reduced 10 38 per cent. of the absolute pressure in the
boiler.

The flow of steam is neither increased nor diminished by re-
ducing the outside pressure below 38 per cent. of the inside
pressure, even though the outside pressure be reduced to a
vacuum.

This fact was a most surprising thing when made known to
me a short time ago, and I have no doubt but that it will be the
same to some of my hearers in this 100m.

But to return 1o my subject.  We find that steam at 03 Ibs.
pressure will flow into the atmosphere with a velocity of 81979
feet per sccond, but this is the velocity of eflux at constant den-
sity, and 1), H. Clarke tells us that the actwal velocity of cflux
expanded at 75 lbs. (absolute) is equal 1o 1,446 feet per second.
Therefore the velocity of steam issuing from an ori%ce of 1 sq.
inch in a bailer carrying a pressure of 735 Ibs. per sq. inch will be
= 1,446 feet per secontl.

We will now assume that we have an arifice of 1 sq. inch in
the bottom of a steam bLoiler, the pressureinside the boiler being
the same as before, and we require to know the velocity with
which water will issue from the orifice, under precisely the same
conditions as in the case of steam.

Of course there will be a shgbt increase of pressure in the
bottom of the boiler, due to the hewght of the water line in boiler,
but as it is small, we may leave 1t out of the question.

Using the same method as we did for the steam (with the
exception of the weight of 12 cubic inches of steam), we have
now to use the weight of 12 cubic inches of water, ot 44 and
the formula will now be

V=8  /h=928 feet per second.
Where V=The velocity of water in feet per second.
h=130 feey, or the height of a column of water equal to
a pressure of four atmospheres,
Then we have— feet
136 (11°-6 x 8 =928 feet per second
1

21)36
a1
226)1500
1356
144
We now have it that steam, under a pressure of four atmos-
pheres, will issue from an onfice of 1 square inch area at the
rate of 1,346 feet per second, while the water under the same
conditions will only issue at the rate of g2°8 feet per second ;
this means that steam will issue from an orifice with a velocity
sixteen times greater than water.  Notwithstanding the greater
velocity of steam over water, as shown, the latter could not be
forced into a boiler against (its own) pressure; because the
momentum of the two streams arc equal, because they are both
duc to the smine head or pressure.
The momentum is the product of the mass x, the velocity
with which it moves, and is expressed in formula thus :
A\Y
V—=momentum.
R
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Where— =the weight \V divided Ly the acceleration of grav-
8

it_y &, which is_equal to 322 feet per seccond (=momentum).
The acceleration of gravity is the force (expressed in feet per
second), which the earth exerts over falling bodies, m excess of
the weight of the fallmg bady itself and 1= 32°2 feet per second.

A given force imparts velocities to two_bodies, inversely pro-
portional to the mass, or their respective heaviness or density.

But by inserting the injector, between the forces, we increase
the momentum of the steam, and by condensing it with the
water, its velocity is imparted to the water, and the stream of
water and steam combined, is as it were, forced into the boiler.

A longitudinal section view of aninjector is shown in diagram
4

FiG. 4.

Ais the steam cone, through which the steam is adnitied
from the boiler, and let it be distinctly understood that this cone
A repiesents the power of the injector. The steam, in issuing
from this cone at a high velocity {as we demonstruted before) is
condensed by the water flowing through C, and its velocity is
imparted to the water in the cone B. The combined streams of
water and steam are then forced into the receiving cone D,
where the force of water issuing from the boitler is et and over-
come.

The sectional areas of the canes A and D are in proportion to
each other as 2°0106 is to 0.7854 (at their respective smallest di-
ameters.)

When the water comes in contact with the steam at the outlet
of cone A, it is propelled aloni; by the concentrated steam, and
the water (which as you all know is nearly incompressible) is
projected into the delivery cone D, and thence into and through
the feed check vitlve and into the bailer, by the impulsive force
of the steam, due to its great velocity and elastiaaty. 'Ijo sum
up the principle of the injector in a short way : It is an instru.
ment which (by the proper proportioning of its jets) takes advan-
tage of the superior velocity with which steam issues from a
bailer, as compared with water, and is capable of producing a
combined jet of stcam and water, flowing through an onfice or
jetat a greater velocity shat at wlich an opposing streawm of
water can flow from the same boiler which supphes the steam to
operate it. Allinjectors (and their names are legion) work on this
same prnciple. The only difference, so far as | know, bewng
that same are water-lifting and some non-lifting, and some arc
both lifting and forcing combined.

AP ST AN O e il O

Fic. 3.

In diagram 3 we have a sketch of a lifung jet. Steam cnters
the pipe at E and issues at the nozzle A, and forces the air out
of chamber B 10 the atmosphere ; the air in suction pipe D) im-
mediately commences to expiand itself into chamber round A,
and this action goes on until there is a partial vacuum in D, and
the water rises to A by the pressure of the atmaospheic acting on
its surface, and at A the steam is condensed, and the action
takes place which bas been before explained.  For an injector
to lift 1ts feed water, it becomes necessary for the opening B to
have considerable more area than A, as, if it were not, it would
be impossible to produce a vacuum in D.

Figure 2 represents a non-lifting jet, and it will be observed
that the arca of the outlet of cone B is somewhat smaller than
the steam cone A, and if steam be turned on at C, and issues at
4, it will cwp.md and fill the cone B, causinz a pressure to back
up into suction pipe C.  So that with injectors of this type it is
necessary for the fead water to be forced into the injector under
a head, cither by gravitation or from the waterworks mains.

. We will now briefly look into a1 few of the causes of faluce of
imjectors to work,

_ll?'ccmrs often thiow off when the temperature of water sup-
})Ilct to them exceeds 1307 10 150 3 and this 15 due to the
act, that neath these conditions it iequires such a large
quantity of water to condense and concentrate the steam is-
suing from nozzle A, that the velocity isparted to the water
15 not sufficient to avercome the opposite tlow trom the boiler,
and, consequently, the injector kicks.

€ A

A

J

ke, 2.

Sometinies injectors work along smoothly for hours, days,
months, and even years, and then all at once refuse to do
their duty.

This may be due to one of several causes.

I hiuve no doubt that some of those present have fed bmlers
with injectors which took thewr feed water from a bairel or tank,
and when you have started it, and it has worked for a few
minutes, and then thrown off, or kicked, as we call i, azud you
find your water in feed tank is hot ; but you say the imjector
started to work at first, «nd why not continue 1o do s0?  Sunply
because the injector itself may have been quite cool when 1t
was started and therefore it assisted in condensing the steam
fromn nozzle A, but as it became heated gradualhy, and the feed
witter itsclf was too hot to cool the steam, the mjector kicked,
and keeps on kicking uatil you reduce the temperature of feed
witer.  Again, the feed water in the tank may not have been all
of the same temperature and as the suction pipe reached down
near the bottom, it wotked all right until it commenced to take
the water of a higher temperature which was in the top of tank
when it started, and it kicks again. The mjector will always
throw off when the volume of steam feeding 1t is not enough to
give it required velocity 1o overcome the opposing steam or flow
from the boiler. Here too, we may be inclined to say, well, but
the steam worked the injecter when it was started, and that may
have been so; but we must remember that the water that the
injector has forced mto the hoder has been, comparatively speak-
ing, cold, and tlss has 1educed the veloaty of steam from the
cone A, and the volume of water entering through feed pipe has
remaned constant as when the mjector was started, and the
necessary speeet is therefore not imparted to the water with the
result that injector throws off,

Then in addition to the above causes af fallutes there are old.
timers, well known to all engineers. viz, leaky suction pipe, no
water in tank, end of the supply choked up, foreien matter n the
jets of injector, hot sccnon pipe, ete, etc, amd [ have cven
known a check valve puton a pipe wrong end to, to prevent an in-
jector from working. 1 have also known the jets 10 become
coated with a deposit tosuch an extent as to alter the proportion
of area so that they would not work.

There are scores, yes thousands of engincers who use injectors
of one of the many kinds : and who, in the event of its Gulne to
work, will take it down, clean it, and remove the cause of
trouble, and put it toxether again and make it work successfully,
and yet never once think of trymy to enquire mto the prinaiples
which govern its action, and yet 1t seems to me that an engmceer
who is of an enquiring turn of nund (and who refuses to take a
thing for granted, simply because there s abundant evidence
that it is so, but who enquires into the reason of things, and
posts himself as fully as he can on the principles of steam engi-
neering) must eventually find himself in better circumstances
than the man 10 whom it is quite sufficient to know that a thing
is s0, because m> sees it is s0, and who is quite satisfied without
enquiring the reason why.

It is understood that the Victoria Sireet Railway  Company
has made satisfactory financial arrmngements and that an assue
of first mortg age bonds will be taken by capuitalists who have
examined into the value of the franchise and assets of the com-
pany.  The new loan will be used to pay off existing obhgations
and to plice the railway n first-class conditon. - Victory, B.C,,
‘Times.

In placing a gavge on boilers, it should be so connccted
as to take steam from o part which will be as free fiom vibra-
tions of pressure as possible, that is, away from the outlet of
the enyine, and a siphon should never be omuted.  Itas also
necessary that the gauvge shall aot be placed at or near the
lower level of a connecting pipe which has o drop of any ex-
tent, which will create an excess of pressure an the dial by the
weight of water in the column. 1o a bauery of boilers there
should be a gauge on cach boler and uot onc yauge for the
whole.
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IN order to place beforc our 1caders as early as possible a
complete report of the proceedings of the fourth Convention of
the Canadian Electrical Association, it has been necessary to
considerably enlarpe the size of the present nuinber of the Ei.gc-
TRICAL N¥Ws, While regretting that we are compelled to
greatly condense oromit entirely many matters which we should
have like to mention in detail, weare of opinton that considering
the variety and importance of the subjects discussed at the Mon-
treal Convention, we could not present to our readers matter of
more immediate intetest than the report which we publish. 1t
need scarcely be said that the Convention was the most successful
one that the Association has ever held. A perusal of the re-
port of the proccedings shows this to be the case. There
were A larger number of papers read than at any previous Con-
vention. ‘The subjects treated were all of an interesting char-
acter, and in every case were most ably handled. AVbhat is of
quite as much importance is the fact that the papers were more
thorougbly discussed than those at any former Consention.
There1s still room for improvement, however, in ihis particular,
We expect to witness greater freedom of discussion at future
meetings, arising partly out of the better acquaintance of the
members with each other.  The presence at the Convention of
the President of the National Electric Light Association of the
United States, and of Mr. Lockwood, advisory electrician of the
Bell Telephone Co., added greatly to the interest of the proceed-
ings, and it is hoped that thesc gentlemen will be seen and heard
at future mectings.  Another interesting feature was the ox-
cellent paper by Mr. Sperry, of Cleveland. It unfortunately
happened that Mr. Speny did not reach Montreal until the close
of the sccond day’s proceedings, and the apparatus which he
needed to illustrate bis paper did not arnve until an hour before
the time set for the adjournment of the Convention.  This delav
was a matter of much regret to the officers and members of the
Association.  Thelocal Committee, the Montreal members of the
Association, and scveral of the local clectric companies, whose
names anpear in the report, exerted themselves to the utmost to
make the visit of the outsiders as enjoyable as possible, and
they cntirely succeeded. The officers clected for the cnsuing
year are such as we believe will promote in every way possible
the growth and influence of the Association, while the selection
of Ottawi as the place of the next Convention is certain to con-
tribute to the same end.  The Association is indebted to Mr. J.
J. \Wrnight, the retiring president, for the valuable service be
rendered on its behalf during the three years he held that im-
portant position. Hss successor, Mr. Dunstan, is known to be a
gentleman of good executive ability, who as vice-president always
manifested the deepest interest in the welfare of the organization,
and under whose direction it bids fair to continue to prosper.
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CABLE CONSTRUCTION AND CABLE FAULTS.
By F, J. F ScuwagrTtz

The number of wires in wwe when the telephione wade its appearance
was very small as compared with the number of wires or circuits in use
to-day, or even as compared with the number in use after the adoption
of the telephone commercially, 1t follows, thercfore, that few wires
toak any one route or comverged toone headd ot central oftice, and it was
an casy matter to run these lines, each supported by its own insulator,
and several inchies from any other conductor, while at the central station
it was only necessary to provide a suitable roof fixture o cupola where
the line wires might terminate.  The connection between the lines and
the apparatus could easily be made by means of insulated wites support-
cd by cleats.  The larger number of circuits made necessary by the
increasing number of telephones in use quickly rendered such a method
inconvenient, and soon impossible.  In the days of comparatively short
lines, well separated from one another, with no interfering electric light

FiG. 1.

or power currents, with fev or no complaints of cross-talk, the life of a
centre? office manager might have been regarded a comparatively peace-
ful one.  The earth was his.

The increase in the number of circuits to be accommodated, and the
necessary grouping of all the wires in a route into cables, in order to
econoniize space as the circuits neared the office, brought peculiar classes
of troubles, or made old ones mwore noticeable.  Brietly mentioned,
these annoyances were due, first, 10 currents induced from foreign wires
into the telephone lines, which being cabled with others, would more
or less disturh them ; second, to the interference between one telephone
circuit and another, giving rise to cross-tatk 3 and third, 1o 2 muftling
of the conversation due to the retatdation of the telephunic cattent.  To
these must be added all troubles caused by Aaws or faults occurring in the
cables or joints.

A large number of cables of different kinds are now in use, some
especially intended to overcome or prevent the annoyances mentioned.
All consist of a specificd number of insulated wires bound together, form.
ing a core, which is inclosed in & wrapping or sheath to protect the core
from moisture.  One of the carly forms 0% cable, which was very light
and flexible, was compased of a core of cotton or rubber insulated wites,
inclosed in a rubber covering, which was in turn protected by a painted,
braided cotton jacket. By Lf:u the larger number of rables were of the
Tead covered type in which the core was drawn into a leaden pipe, and
the space between the core and the pipe was then filled with imsulating
material.  In other cases the lead was formed about the core by pres-
sure; the process making the pipe, and covering the core at the same

FI165. 2, 3. 5. 6.

time. In one stylcof cable, the core was covered by two thin leadentubes
having a layer of tar between them ; the outer lead being protected by a
wrapping of painted tape.  The presence of tar on the outside would
indicate a break in the lead, while there was a chance that the tar would
fill the break, and prevent the entrance of moisturc.

It has been mentioned that ciscuits in cables were found to he more
subject to inductive disturbances than separated circuits; and several
- plans were resorted to with a view of overcoming the difficultics. These

consisted generally of wirding about cach insulated conductor a wiap-
ping of tin, lead or copper fnl which was to be connected to earth, and
which would act as a shichl between cach wite and s negghbor by pro.
viding a circuit for the induced cutrents other than by the way of the
cable wires.  Base capper wires were also placed among the forl covered
cunductor, to facilitate the connection of the forl to carth as well as w
connect the foil of one section of cable to that of another where splices
were necessary.  Some cables were made with each insulated conductor

>
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inside of a leaden tube of its own, the whaole forming a core, which in
turn was coveted with an outer leaden pipe as usual 3 and still other
cables were provided with a single large copper wite placed in the centre
of the core.

With these shields there was less interference between the several
wires, but on account of the greater static capacity of cables so con-
structed, the telephonic currents were impeded and conversations were
rendered indistinet.  This was most noticeable in the case of long
cables.  Other cables were made having only a pottion of the conduct-
ors foil covered ;3 and all of these cables were made for acrial work, as
the demand for undeiground work
had not then arisen ¢ in fact, under.
ground waork was comsidered imprac.
ticable as much on acy wunt of the
increased cost as well as on account
of the gieater amount aof retardation
that wonld be expetienced ; and it
was impracticable 1o operate under-
ground telephone lines of any con.
sideralle Jdength when employing
the cables of the day, and working
with grounded circuits

The inctease of disturbances
brought about by the presence of
clectric light and power circunts sen-
ously affected the telephone service,
and it was realized that a return wite
would have to be employ ed for cach
linc in order to quict them.  In the
cabiles hitherto referred 1o, the con-
ductors were laid up, cither straight
or in long spirals, while in certain
forms the inner conductuts were
given a twist in onc direction, and
those in the outer layers weregivena
twist i the reverse direction. These
forms were not adapted for metalhc
circuit watk, as the two sides of a
circuit could not uccupy the same
relatten to a distushing  areut,
The cable suvitable for  wetallic
circuit work is one in which the
two  wites wsed for a pair are
twisted together throughout their entire length.  The insulation
chiefly used for cable wires in the past has been cotton saturated
with paraffine or with somne other of the many inwlating compounds,
but for underground work it was found desizable to make cables having
as low a capacity as it was powsible to obtamn.  Air having the lowest
specific inductive capacity, and dred paper having a very high ainsulation
resistance, cables have been made in which the eanductors are loosely
wrapped with paper 50 as tc give morc or less nir space about the
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onductors, L anous micthids atcemployed sl furtheninerease the an
space, such as by pertorating the paper, o by wanbimye twine i long
sprals abast the wites, and over whndh the paper is apphed.

Ope form of noved constracteon s shown m fgare 3, where two e
wites arc i dosed wothain a paper tube but e sepasated by a sparal pas
nutien, alwr of pager Lhe wiees b the grooves of the pagr pat-
e By this math el a Lange e space s asurcd, which s favagabile to
A b snsubton as well as tea fow date capacty, e clamed that
i cables of this desonpton the capaaty per mile sontetimes falls as low

cable, and when the ¢over as sciewed on the termainals are mostare.
proof.
Fagure 4 represents one of the foras of cable teaminals now muse,
1t accommendates taenty sy pases of sites, and, wath its fuse wires, s
melosed i a wenden boo The othee ends of the cables are amlarly
sealed, but speetal forms of arrestars are generally scenred to the outside
of the 1ron boves. These atresters conneet Lo grognd any circat cany-
my a dangetous cuttent, whereupon the fuse i the outsude cabile-bos as
mehted, and any curtent s presented thereafier from entenng the cable.
Spark.gap avresters are

alvo employed an com.
tunatton with the abave,

When it becomes
nrcesaty 1o ran a cable
underground, jotated
poles are pushed
theough ond of the ducts
from une manhole to
anather. To the last
wod a rope s fastened
which, when  putled
through  the  duct, i~
wsed e draving  the
cable  The longths of
cabde hambled at a e
m onderground  work
ate mach shoners than
those that can he castly
handied i overhead
waork, and consequently
these are sphees i
nearly every manhole.
Splices, av ade in
paper insulated, umder-
gronmd  cables,  are
shown in figutes § and
6. Iagure §shows the
splice  partially made,
and figure 6 the com-
pleted splice. The
wires are bared for a
short ohistaneg, and a
paper tube iy passed
over one of the wires

GRoUP 2,

as fifty-three thousandths (.053) of a microfarad, and that they usually
average under seven hundred*hs (07} of a mictofarad per mile.

According to the specifications for underground cables, the sutation
resistance pee wle u} cable, when connected up, must not fall belaw
five hundscd (goor mepohms, and the aserage capaaity  per amle anust
ot cveeed eght hundeedths 1 08) of a nncrofarad,  Numbers 18 and 19,
18 S pauge, are the stees of the wates generally wed. The ligh in.
sulation wenttoned 1 not absolutels esential for good servee, bat gt s
desstabile as by one of the best guarantees that a cable has been care.
fully made, handled and spheed.

Paper wsatated cables ate now anase both for underground and for
acnal work,  In putting up acnal cables it is necessary to first run a
supposting wire, one end of whih e brought diagonally from the
termmnai pale tothe pronnd.
By means of this slantng

The wires are  then

spliced so as to forin a
long twist, after which the paper tube is drawn over the joint.  The
jomnts are not soldered. After all of the wites are connected, they are
bound together with paper and twine to prevent the paper tubes from
lipping, and then bathag parafline s possed over the sphice until all
mosture s evpelled. This s andicated by the absence of bubbles, A
leaden sleeve, previously pased over one of the cable ends, is nest
drawn over the sphice, and the ends of the sleeve are wiped to the
cahle lead.

We will neat consides the faults which catse the most annoyance, and
it may be generally stated  that some form of injury to the cable lead
gives rise to neardy all of them, In the older work the wiped joints
were made by plumbers, and as this work was done on the poles or in
the middie of a stretch, it sometimes happened that the wotk in time

wits the catl s diawn b
e position on the poles,
whate aboas -tnlnn\’u' try
eahle ;h'l\ to the support
s ware. Fhese chips o
haugess  are sometnes
e of amalleable 1o,
and are pressed abuut the
cabile to provent thea (o
shppang, while 4 proce o
camas placed between the
ol and the calde isantend
et K e Tead o
Dtng  anatred. Anather
furm of hanger consts of
T e ed preces of weod
bound ta the cable In ware,
one etnd of which s hent
antee 3 st of haok Tt has
oceasematly hayencd tha
the suppeating wae  has
been cnmsed by other wires
falling spon . with wies
casniang A heavs cuaent,
and the cunrent bas passed
ta the cable lead at wane
one of the chips, and the
cable has been buined
With the wooden blacks, a
foregn wite wast wmake
cantact oduwecthy with the
calile Yead in vrder to taun
it Figures 2 and 3 show
methods of suwmmng the acnal cables. At the terminal pole, the
end of the cable s brought through a leaden pape into an ston boy,
whete the wires are secured by means of insulated screws, nuts and
washery  The serews pass thiough msalating bustings to the outsude of
the won bon, where, hetween other nuts and washers, are conncected
the short wines Jeading from one end of the fusble waes provided fo
the protevtion of the cable. Waterpaoof ansalated wares lead from the
ather ends of the fusttle wites o the fine wires on the poles. The
enteance tabie at the bottom of the sron oy as wiped 1o the bady of the

Grour 8.

roved to be faulty.  Referning to group 7, fault A wasoriginally started
Ly a shght cut, and 1t afterward opened out in handhng the cable,
Fault B was caused by a wite resting against, and sawing mtothe cable.
Faults C and D are samples of small trolley burns, C occurring under
onc of the iron cable clip<  Tn sample E the holes shown were caused
by hncmen's spurs. Such faults rarely occur, and thisas but the second
of the hind that 1 have seen.
The faults of group S differ from those previously shown i that they
are due claetly to I‘:\\\s and faubts an the wanufacture of the leaden
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covering,  The cracks shown an I oand G are evidences of poor or
damaged material, possibly the lead may have been basnt, o the cables
from which samples THand Uwere taken, a seam extends along the en
tire length,  Osdinarily st cannot be detected, but sometimes 1t wall
open out as shown, amdat 1s gqunte hikely to do soafl the cable ecomes
twisted while bemy pulled,

When the trolley system was introduced, it was found that some of
the tower hanging cables were dangerously pear to the trolley guard and
supporting wires where the latter were fastened to thar poles, and just
beneath the cables.  Group g represents a nunbes af Luins which oe.
cutred in a single stretch of cable.  Another b occureed quite
recently w an underground cable which has, however, actal banches
used 1 connection with
it A brohen  wie
cronsed one of the aenal
brancaesof the cable with
the teoliey ware, and a
hole was bamt an the
fead at the powt of con.
tact.  The cable wires
were not njured at thy
posnt,  but  the current
passed anto the lead of
the  underground  cable
and finally to carth
one of the manholes,
where it fused the lead
amd burned into sevenal
paits of wites. This will
have  to be guarded
against by providing twe
terminal boaes at each
junction with the under-
ground eable.  The lead
of the two cables will not
then be continuous, but
the conductors will be
connected  through by
short wires from boy to
bow.

The amount of under.
ground wurh 1 Montreal
1> at present small, and
there  has been no de-
struction causet by elece
trolysis.  There is, how-
ever, constderable differ.
ence of potential between
the cables and the earth
at different  points, and
it is probable that tronlde
will be  experienced.
I2nough has been shewn
to prove that cables are
sullicieatly liableto faults
and injuries without those
due solely 1o carclessnes.  With overhead construction more or less of
the mentioned  faults will still contimee to occur, and with under-
ground cables the troubles, though fewer in kind, are no less destruc-
tuve  To meet these, special means will have to be adopted as occasion
requires.

THE APPLICATION OF ELECTRICITY FOR MEDICAL AND
KINDRED PURPOSES FROM LIGHT AND
POWER CIRCUITS.

By W. L, Shaw,

MR PRESIDENT AND PELLOW MEatieERs 0F THE CANALIAS RLECTRICAL
ASS0CTATION.,

When the thunderbolt in the shape of 4 tetter from our worthy Secretary
fell upon me demanding apaper, I wasat.alossas to what to launch out upon.
I have heard so many able papers on various subjects already read before
the Associaunn, that in searching arount for © pastares green.  § thoupht
that the above subjrct mught be of interest to some —if not for its “electncal
nstracuon, then forats “novelty.” 1 have headed these remarks, ** From
Light and Power Circusts,” but thete are no doubt many here who are mter-
ested 1n battery work, so there will be no barm, 1 presume, in my detailing
the battery methods a hittle before showing how they can be more readily
and less expensively worked from the circusts before mentioned.

Let us take first the denust, who probably uses electricaity least of all.
Yet let us seewhat this ** least ” means.  No enterpnsing deatist now.days
thinks of standing on one leg (while the temperature 15 about 100 deg nthe
shade) working his foot-dnll with the other.  “They mn by aotor  Somne
have 2 or 3 cells of accumuiators and run 2 small § or 6 volt ** Crocker
Wheeler,” or *C & C " motor. The cartage atound, however, of the ac-
cumulators 10 have them re.charged. makes this an expensive method, and
of course the 110 volt direct curient s much preferable.  Unfortunately, in
Montreal, there is very bttke of this to be had, and quite a few dentists de-
chine 1o hardle a 250 volt motor, even though it 1s of small power and prop-
erly insulated  There 1s another reason also, and that 1s that they generally
use it pedal switch for stasting and nstantly reversing.  ‘The accumulator
outfit 1s casily regulated by switching 1 one or more cells as required
With the 110 volt outlits a cheostat ts put in the ficld arcut.  Inboth cases
the wires from the arcunt are first led to the pedal which sets as a pole-
changer before the current s let mto the armature  Sowe members may
think that this mstant reverse would be apt to put a fimish on the armature,
All 1 can say to thrs, gentlemen, 15 that | know of A ¢ 1 1, Crocker
Wheeler, 110 volt motor which has been treated an this way for the last 3or
4 yrars and s stll going. | fancy, myself, 1t 15 hecause there ts no werght
to the armature. With 250 volts, however, ot 15 a different maner. ‘I he
flame which would flash around from the brushes on attempting this would
certunly frighten :m'y patient out of i d=atist’s char, son this case we have
to use a motor teansformer, taking 250 volts on one side and delivering cur-
rent at & volts (used in conjunction with the stomage battery motor} ar at
110 volts, where the miotor 1s wound for same, the motor transformer to be
put on a bracket near where power wires enter.  Most of us who have sat
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10 dentist’s chair can tell exactlv the moment whet the dentist s aw.uting
the monentum of the tiy wheel to canry i over the dead centre pornt
Lhe dedl slos s ap a hittle and saddenly imakes @ rash, but 1 oneed not detul
thes, for 1115 no doabt a case of - You ve all been thete before, o at least
A good many of you at any rate But the clectne wotor keeps the dnll
PRI At A constant and steady speed T mstanty tovessedf e ssagy
and utder perfect control Ttasalso a known fact that e fastes the dnll
goes the less pain will be caised The power requirad for the 808 Whne
Standard Upegght Pedal Dl s from ¢ 12 to S 1o For the small Lathes
which dentists use 1n ther warkshops tog batlang plates, attihcalwecth, et
At HO motor wou bl be requinesd

All the above igures refer to an ardinany practiving deatist Where o
man has 4 tash of trade it may pay o g tun 4 sinadb dynamo (say § vy )
with a motor and connect
on s smalt motars from
A par of bus wires run
aroumd the room

Protothy came of yon
ha v heard of e <l
tecth without pam ™ sdea
Pessonally 1 do not take
much stack oot bat o
Wt aduat that | hase
MU Ppats at operated on
who athumed he felt ao
paun Lheadevsths A
German  savant  dedlates
thaaf the vibrator of an
mducnon cotl s cavsed to
vibitate with such rapudity
that the buzzmy tone will
Le the sane as the note
A that the eleainied
vibrations wall be quicker
than the ampulses of puun
viiranons troan the penve
centtes 1o the bran,  The
mode of wpphication 15 as
follows  Lhe  patient s
iven 2 handles from an
mducuon el diven by a
battery . the  plunger s
then palled out unnl he
says  Lnough | the bt
tety s then shut ol o an
nstunt Ly means of atloor
push, the 2 handles which
the patient s sttt holding
ey connected together
now an toone pule of the
hattery, the dentist, taking
a4 flenvbile wire from the
other pale to his fugeeps,
inmeds stely on pulbng the
tooth (or ruther just as he
hegins o pull), sets the
col n actun agan by
means of pressing on the
tloor push.

Of course the above can
sasily he worked by means
of & strught current with 4 proper cheostat  Qur dentist will also use «
smatl electnie hght for exaunnming cavities w the mowmh,  ‘This not only
shows up the decaved parts n the teeth, but readers the teeth translucent,
Once 'n o while a dennst can use hut cautery wire for what they call
* deanne ™ work.

It appears from the above that the straght cutrent statton b the best of
TS s $0 s tegards the motive power for the alternating motor i« not
very successful fur such wotk,  Vhe woites has had one of the Mesion types
speerilly wound, and 1t s now sunung for such woth, but certa nly it has
not given as wood results as the sirught curront motors do, and 1 have been
unable to ind any small alternating wotor swting our Tapid alteinations,
Instant reverse of course 15 lost, hut when we come down to illuninating
the siall Limp and working the cantery [ think that any of you will agree
that the small transfonuees now on the marhet fur such work are miost con.
vement. abicad of a theadat whete eaght current s wsed and altogether
aver and ahove the storage battery.  One thung 1 have noteced, and it seens
grossly absurd, for dentists and medial ten generally who use Gitenzing
100ls 10 have a storage battery goong o tated cutput of 7 amperes when of
the many catteries | have tested the current taken by the smaliest was 12
amperes ind by the Tatgest 38 Many and many astutage battery has been
rnaed by this work, Tt siuply nonsense for medical men geaeratly to
try and save §5 00 at the start only to lose ¢z0 00 Jater o Fhe stem of
power supply may appear snnall 10 4 power station, bt remember, gentle
wer, these professional men are about the only ones whe can help you aut
with a day load on your highting crcuit, and when 1 tell you of une dentist
with simply one assustant using: over $130.00 worth of carrent i one year,
you can readily see that a few such would be no httle help

So much for our friend the dentist,

Lot us now turn our attention to the oculist,  Hess a ditheultinan to please
in regard to hight, as when he exanunes the eye with the small species of
pocket telescope which he has for the purpose, he gets a double reflection,
showing the filament on the eye and spohng s cxanunation.  lo over-
come this, use  frosted famp.  tiave the filament * edgeon * o the eye of
the patient and use & Ries seducing socket, so that the octuhst can tone the
hght down to sust amisell.  “The opthalmascope. or instrument for testing
the sight, s caaly allununated by means of 3 8 ¢ i lamps clamped all
atound the wooden board where the fice of the fatient s sete Theselamps
are a¥ shadend from the pauent’s face by means of alurainum shades shapad
the same as the half of anincandescent lamp, the hgght being projected on
the black bridge by means of the telescope through wineh the oculist looks.

‘The nose and throat speciabists simply use cavterszing apparatus, which
1s easily accomphisherd on alteraating cusrent by the smalt transformer before
referred to, but as the cauteries used, especially 1n those cases, are exces.
sively Iarge, 1t 1s impossible 1o econonuclly use straight current for the pur-.
pose unless in conjunction with a crple of large cells of accumulators, 1
hiave scen ane cautery which consumed abtout 68 amperes at about 4 volts
1o get it to the proper white heat.

1 do not intend in the shightest to speak of clectne belt and other apph-
ance men, hghtmng har brushes, &c¢ One guaint bttle note of Sylvanus
P. Thomson 1n s book entitled ** Electnaty and Magoetsm ™ covers thew
case very meely. and with your pemussion | will repeatit. He wrtes as
follovrs  —

It 15 not out of place to cnter an cirnest caution ACAINST nUcrous
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quack doctors, who deceive the unwary wath magnetic and galvanic appli.
ances, *  le many cases these much advertised shams have done incalen.
Iable harm,  In the very few cases where some funcied good has accrued, the
cumtive agent is probahly not ** magactisiy ™ty ** flannel.”

It may not be out of place either to call the attention of our worthy organ,
the Canardian Electricat News, to the manner i which the Eleenical Review,
of London. England, 1s exposing all such nonsense. It is not long since
that the wnter of this papet was offered on sale neac the post oftice wn Mon-
treal, ** bottled electniaity for cunng beadache.”

A lew words may not be anuss in regard to ** Electrolysis,” as the re-
moval of supertinons haws s termef.  §1as a wmple operation and consists
of destroying the hair by decomposing the watery tissue at the ront of the
hase A sunple cqupment for this 1s o use say 10 cells of the lanze size
Samson battery with a 3 pt. switch giving 5 cells, then adding 3 more and
2 more, the steengih being regulated according to the resistance cocountered
at the positise electtode.  The usual mode of operiion is as follows —

The patient takes a sponge electrode i one _hand, this being connected
with the positive pole . the operator inserts a fine needle, which s in con-
nection with the negative pole, at the root of the haw.  The reason the
negutive pole 1s used 18 that of the newdle were attached to positive a black
spot would be left owingg to the mretal becoming oxydized. 1t may scem
strange to you, but it s a fact, that there are specialists in this city for
this work alane. 1| behieve they also remove wine marks and other
facial blemishes by tiis means, 1n such cases using a number of needles in
one handle  T'his work of course cannot be done with the alternating cur-
rent bt can be done with the strught current through a suitable resistance
or n conjunction with a few smali cells of accumulators,

1 have saut enough about spectabialists and will only mention one other
specnilty although it really has nothing to do withs the medical line, betore
getting dowa to our doctor of regular prastitiuner proper, 1. ¢ . the photo-.
grapher  Geve him two drop Lightsin s dark roons, one equipped with
spnng cord adjuster, an onlinary socket and a 33 ¢, P lamp with very light
frosting , the other hight to be left conveniently within reach and tqm[l)pcd

, with an 8 ¢. 1 by glass lamp and Ries regulating socket.  The red light
hanging low 1s of coutrse most handy and he will turn it on slowly, getting
the desired amount of light accoring to the scasitiveness of the plate he is
operating on,  When red hight 1s no longer absolutely necessary he can
reach up and pull down s white hight, bythis means having every faaility
without the danger of ghting & match where collodion and other inflam-
mable chemicals are lying around. I alternating cutrent is not there, o
Rics socket of conrse unnot be used, but a carton rheostat switch as man.
ufactured by the McCreary Electrical Specialty Co , of New York, cun re-
place it,

Now let us take our regular practitioner and see what he wants.

18t Current for small exanuning lamps and for cautenes.

and, Current for galvamic wotk, for removing fibroid tumors, &c.

rd  Faeadic cutrent for theumatic and paralytic patients.

ath.  Midd continuous current for nervous diseases.,

For tem. No 1 the usual way at present is to bave a couple of cells of
accumulators or a tichromate plunge tattery.

For the and 48 ot 50 cells of Leclinche batery, a miliampete meter and
a double collector switch as made by Gaufle of Pans,

The 3rd currcat 1s supphiedd {rom many of the Faradic portable batteres
with induction coil for physicians, or sometimes they use the coil alone con-
necting 1t to 2 or 3 cells of Leclanche bactety from ther Gaiffe outfit, i. e.,
when they have such an outfit on the rremises. | may say that physicians
have dropped the old magneto electric crank machines almost altogether,

‘The 4th current uses an outfit semilar to that described for No. 2, except
that they have an adjustable cheosta' as well as the Gaffe double collector
switch, also a button for interrupting the current and a double arm switch
to act as a pole-changer.

You can sec how readily all this business can be done with straight cur.
rent at say 150 volts, a proper rheostat and o, °r two cells of accumulator,
The accumulators would atiend to the small examining lamps and the caut.
ery.  Ihe strught current iand rheostat would do away with the cumbrous
cabinet cantaniag <o Laclanche cells also with the nutsance of conunually
replenishing the cells with witter, testing them for breaks in the wire, pat-
ung in new ane s, rechargag. & Tlas matier of broken wires 1s an impor-
tant one, as *he Gaiffe collecting switch has & wire suamng from every
couple of batteries. so that the current 1s increased by 2 cells at a tine,
there bring 2 switchboands with the contacts cross-connected.  Itis evident
that the difference of the two switch levers is what will be given to the
patient, for instance, if we place the left band switch lever on 10 and the
nght hand switch lever on 20, the patient witl be getting simply 10 cells.
‘This armngement 1s convenient as a doctor vanably uses up his fust six-
teen cells more than any of the others.  Of course the Gaifte board requires
considerabile winng. in fact. a 24 wire cable from the battenes, but, as |
have had considerable experience in fting 1n these outfits, 1 find thatin the
tong tun this bHoard gives much more satisfaction and 1 closer range of cur.
rent than the various forms of cathon and water rheostats sold by some Amen-
can firms to take the place of the Garffe board.  The contact on the switch
arms 1s so arranged that it shdes on to one contact before breaking with the
preceding one. wnd 50 on. A broken wire would cauce the patient to receive
a violent shock, which 1n internal exanunations uught prove fatal. A worse
objection is, however, open to the steaught cutrent hrought in from outdoors,
viz —contact with a lngher tension wire.

The treatmient of Faradic current [ need not dwell upon here.  Itissimply
use your induction corl It 1s employed for cases of rheumatism, paralysis
and drowmng  In the latter case the contraction of the diaphragm and
chest muscles would serve to start respiration. . Some medical men, notably
those from Pans, go n for what 1s termed ** Frankhmism,” which is 10
charge up a patient from a frictonal machine, and after charging him full
draw the cutrent off from varous porticns of the body by various devices,
but thisss not wmuchn use. A small 35 11 . motor either direct or alter.
aanng can be used tn dmve the machine,

1 had almast {forgotten one ey, i. e, heating apparatus, which s handy
for a medical man . a hot water heater for his bandages, etc.

Refare closing let mie descritye how 1 would propose to put in an outfit for
a physician giving only the curzents which we baven Montreal. viz —32
volt alternating, and 250 volt direct. 1 would proceed as follows —

1 would bave the 250 volt current run nto th~ basement of the docter’s
house and connected up 1o motor generator of the 1 15. #. type. which gives
400 watts at the secondary end.  The primary would take 250 volts; the
secondury would give 1t off at §2.  This motor generator would be operated
by means of switch and rheostat placed upstaits in the doctor’s operating
room 3ahove the basement The s§3 volt secondary direct current wires
would g0 10 the iower terminals of R double pole, double throw switch,
The house circuit for lights, &¢ . would come to the connecting knives ot
central contacts of the same swatch, and 1 would have the 52 volt alternating
current run in and connected 10 the upper contacts cf the ssme switch,

I purpose 1o leave the motor cenerator tuaning dunag the daytime.  The
main switch would be down.  There would be sufficient ctirrent for house
lighte, charging accumuiators  running cautenes, motors, Fandic coils, gal-
vamc current, &c., {rom it, and as a reserve he can throw up on to the alter-

naung cureent, which can still continue to Light his house lights, work his
cautery this time by means of smail transformer. &c.

I think, gentlemen, that 1 have proceeded about far cnough with these
rambling remarke, but 1t may show that there 18 a bigger field for ingenuity
than was imagined hy catenag for the fitting of a professional man's elec-
tncal plant, 1 should have preferred had time peraitted to condense this
rough draft of nune in some paints, and explamn more {ully the electrical
data, but being exceedingly busy for some weeks back I must plead this as
an excuse for not downg su, 1 shall be happy to answer questions 1n so far
as | am able, and thanking you, gentlemien, for your kind autention, 1 will
now close 1ns paper.

ALTERNATING CURRENT MOTORS.
Hy L. M. iNOLET,

Tur alternating current syster possesses many advantages for the tnans.
nussion aad distnibution of electrical encrgy, but until recently has labored
under the disadvantage that it could only Le employed for highting, except
in a few spectal cases, as there were no aliernating current motors suitable
for geaeral use. ‘This drawback has now been osercoute, and self-starting
alternanng current motors of sumple construction and tigh efliciency can be
had. As the alternanng current system 18 so extensively used and s so
suitable for the long distance transnussion of power, these motors have ate
tracted much attention, and it ts ty intention to explamn brefly w this paper
the principles of construction and operation of sowe of the most naportant
types of the m:otors,

It has been known for a Tong time that an alternating catrent dynamo of
the otdinary single phase type, would run cfficiently as a synchronous
motor, if its armature werte supphied with an alternating  curtent and ws
fields were magnetized by a continuous current.  To illustrate the operation
of tlus type of motor let us take o (our pole inotor whose armature windings
ate connectea with a source of alternung current, and are armnged to pro.
duce four poles to correspond with the four poles ot the ficld, two of which
are north poles and two south poles. The strength of the magnetic field
necessarily vartes umformly in all the armature poles, -1f at a particular
nstant, one of the poles be a north pole, the two adjitcent oncs at night
angles to it are south poles. At the next alternation of the exciting current,
the first named pole will be a south pole and the two at right angles to it
will be norih poles, and <o on the poles will change for successive alterna.
tions of the current.  1tas thus apparent that the action of the alternating
poles of the armature upon the po{:s of the other clement of the motor, is
at one alternation of the current in # ceniain direction and at the next alier.
nation 1s 1n the opposite direction.  The attraction at one alternation is thus
neutralized by arepulsion at the succeeding alternation, and consequently
the motor wifl not move. But, 1f the movable clement be rotated 1n either
direction at 1 synclironous speed with the shifung of the magnetic poles of
the armature, the anmnature poles can be brought into such i position with
respect to the field poles that the attmactions and repulsions between them
are always in the direction in which the motor is runming. The motor will
then continue to run at a synchronous speed and will stand a considerable
overload without beit:g thrown out of step, or synchronism. A synchronous
motor is usually brought up to speed by a small non-synchronous motor of
one of the types descnbed below. \When the large synchronous motor s
running at the proper speed, it is connected wih the line by a switch and
the load is thrown on by a frction clutch.

‘The difficulty of stariing these synchronous nmintors has rendered them un.
suitable for general use and a number of electncians have wotked at the
problem of making a self-starting motor for single-phasealternating currents.

One of the methods adopted 1s to provide one of theelements of the motor
with two energizing circuits which produce separate sets of poles in the ele.
ment. ‘The alternating currents (n the energizing circuits are caused to
differ in phase and thus set up a rotary magnetic field in the clement, as in
a two-phase motor. The rotary field induces curtents in closed.circuit
windings on the other element of the motor. which cuirents cause the motor
to run by their action on the rotary field. The difterence of piiase between
the currents in the two energiaing crrcusts can be obtauned in one of the fol-
lowing ways. '

Both circuits are connected to the same soucce of alternating ctirrent, but
the circuits have different cocflictents of seif-induction, so that the cufrent in
one circut lags behind that in the other,  The differcuce in the selt-induc-
tion of the two circuits may be obtained by inserting a condenser in one
circuit and a self-induction in the other.

One only of the circuits is connected with the source of alternating cur-
rent.  The other circuit 1s closed on itself and 1s within the inductive wflu.
ence of the fitst orcuit.  The alternating currents in the first circuit induce
currents in the closed cuirctut, which differ in phase from the inducing cur.
rents,

In another type of single current motors, the rotary clement is provided
with normally open circuit coils, whose terminals are connected to a com-
mutator, and the field of the stationary elemient 1s excited by an alternating
current. By mesns of brushes, the circuits of the coils are closed when
they are in such a position that the magnetc field of the currents induced
in the coils by the exciting magnetic fiekd, is assymnmietrical with respect to
the exciting field, The field of the induced currents s repelled by the excit-
ing fieldd, and thus the movable element of the motor is caused to roate.

1f the movable clement of a motor of the above described type be provided
with a number of closed circuits, the ficld of the currents induced in the
closed circuits will be symmetrical with the exciting ficld when the motor s
atrest.  The repulsions will then he equally strong 1n both directions, so
that the motor will not rotate.  But, if the movable element be rotated in
either direction, the ficlds become assymictrical winh respect to cieh other,
and the repulsions are greatest 1n the direction in which the movable ele.
ment 1s rotating, so that it will keep on rotating when siarted, witha ten.
dcncy to synchronism.  These motors can be started by an extra energizing
winding, used only at starting, in which the current is caused to differ i
phase from that in the regular energizing circuit by one of the above-des.
cribed methods,  Or the motors can be started without a starting winding,
if the circuits of the coils of the rotary element arc open and are connected
to a commutator. The motor is started, in the way already descnbed, by
closing by su:table brushes the ciccuits of the coils when they are in such a
position that their magnetic field 1s assymmetrical with respect to the excite
ing field, and, when the motor has itequired s proper speed, the circuits of
all the coils are closed. Prof. Elthu Thomson, who has done much to de-
velop motors of this type, says tn a recent article that they have attaned a
fair degree of perfection. though the writer of this paper 15 not aware that
an{{rclmblctesls of their efficiency have been published.

aving examined the principal types of single current motors, we will
consider the polypbase motors which are self-starting and of an cextremely
simple construction,

A polyphase motor consists essentially of a rotary and o fixed element,
each provided with smtable windings. The windings of onc of the clements
are supplied with polyphase currents, which consist of two or more separate
alternating currents having the same {requencies, but whose phascs differ
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from cach other. These cutrents set up a magnetic field 1o the element,
which fiek) is rotated, or progressively shified  atound the clement, by the
combined action of the difterent curtents.  The rotating field attracts the
field produced by currents in the windings of the other element and thus
causes the movable element of the motor to rotate.  ‘Iins |prlncnplv. upon
whtch a polyphiase motor operates, 1s analagous to that of a countinuous
current mntor, for the commutator of a continuous curient motor produces
u rotation. or progressive shufung, of the magnene field of us armature.
U'he attmiction between the 1otary field of the arwature and the stattouary
ficld of the field magnets, causes the armature to rotate.

In this paper, in order to avord the confusion at present existing as to
which element of a polyphase motor 1s the armature and which ts the field,
the elerient in which the rotary magnetie field s produced s called the
armature, and the other cleaient ts calied the field.

‘Fo illustrate the working of polyphase motors, we will take as an example
a two-phase motor with a stationary armature provided with two sets of
windings. ‘The two windings are supplied with separate alternating cur.
rents and produce two pairs of poles at nght angles 1o cach other.  The
two alternating currents have the sane frequencics, but one of them lags be-
hind the ather by go degrees, and, therefure, the magnctic fickd of one paur
of polesisat its maxinun strength when the field of the other pairs
zero, oris neutral. Il ot any wnstant, a particalar pole of the four poles be
u north pole, one of the poles at right angles thercto will subsequently be.
come, at the next mstant, a north pole.  Then, the opposte pole 1o that
first named will be a north pole, and, at succeeding alternations of the ex-
ating currents, the north pole and necessanly the south pole as well, will
e rotated, or progressively shifted, around the anmature i a4 centan diree-
tioa,  In tlus way o rotary magactic ficld 1s produced in the armature,

Instead of an armature of thiy type, the armature may Le an ordinary
Gramme ning armature, but without a commutator, and the two currents
may be supplied the windings at points go degrees apirt {points 180 degrees
apart being connected with the same carcuit). The combined action of the
two currents will set up a rotating magactic field wn the armature, sinnlar
to that produced in the armature of a continuous current motor when run-
mng.

1f a pivoted copper cylinder be placed inside an armature of either of the
above types in which there 1s a rotatng magnetic field, the rotaton of the
fiedd will induce currents an the cylinder, which, according to Lenz's law,
will be 1n such a direction as to oppose the movement of the fivld. ‘Ts
oppasition to the rotation of the tick! will cause the cylinder to rotate.  As
a copper cylmder would be unsuitable for use as the field of a motor, this
elenient 15 usually composed of A cyhinder of laminated 1ron mounted on a
shaft. The cylinder 1s provided with copper windings parallel to its axis,
which are connected together in a numbee of closed circunts.  The rotary
field induces currents 1n these closed circuits which oppose the rotation of
the field, and these currents thus cause the motor to rotate.

The currents induced 1n the closed ciremts are proportional to the num-
ber of ines of force of the rotary magnetic field, which cut them m & given
wme.,  The number of hines cut 15 greatest when the mmotor 1S at rest, and
becomes less as the speed of the motor increases, unul synchronous speed
1y reached, whea 0o lines cut the closad arcuits  For example, if the ex-
aiting currents have a frequency of 60 peniods a second, when the rotary ele-
ment of the motor 1s stationary the closed circums are cut 6otmesby a north
field and 60 tmies by a south heid each second.  When the rotary element
has a speed of qo revolutions a sccond, the closed circunts are cut 20 times
by a ronh fiedd and 20 umes by a south field each second.  ‘The number of
hines cut thus varies directly as the difference between the speed of the rotary
elernent of the wmotor and that of the rotary magaetic field, and, when there
15 no difference in speed, no hines are cut ar.d no cusrents are induced in the
closed circutts.  With no cutrents i the closed circuits, there 18 no mag-
netic field to act upon the rotary magnetic field. The motor, therefore,
runs at a speed which 1s less than that of the rotary magneuc field, the dit
{erence between the two speeds being called the magnetic shp,  The closed
arcuits have a very small resistance, so that sttong currents arc induced in
them by the cunting of a comparatively small number of lines of force, and
the magnetic slip 1s therefore small  Anyone can easily satisfy bimself
that the currents indduced when the magnetic shp s smatl, will produce a
strong torque by exciting the field of & continuous current dynamo or motor
and short-circuiting the brushes.  Ou turning the armature by hand, the
torque will be found to be considerable,

In practice, the vanation 1n speed of & motor of thas type between no load
and tull load 1s generally from 3%, 1o 6%  From the foregoing explanations
1t 15 evident Jhat, of the tield of the motor be excited by a continuous cur-
rent, it will rotate synchronously with the rotary ficld Synchronous £oly-
phase motors are constructed on this principle and kecp in step with the
alternations of the exciing alternating currents even it heavily overloaded,
‘They are sclf-starting, but do not start readily, and for this reasen are not
capitble of such extensive use as the non-synchronous motors, though they
ha.e been found 1o be preferable for large units,  We will therefore confine
our attenuion to the non-synchronous moturs,

When a non-synchronous motor is runming at full speed, the alternations
of magnetism in the field are tew, as already explained, and the hysteresis
losses tn the iron are correspondingly small, but in the armature the alter-
nations of magnetism and the hysteresss losses remiun the samie as when the
motor 15 stanonary.  As the rotary element of the motor contains consider.
ably less ron than the stationary clement, the hysteresis losses are decicased
:\m{lhc efficiency of the motor increased, by having a ratary armature and
R stationary field, so that the most frequent changes of magaetism will take
place in the clement which has the least iron.  But in small motors, and
also n large motors where a stight decreasen the efficiency 1s not of unpor-
tance, the armature is preferably <tationary and the field is rotaty, as this
arrangement dispenses with collectors and brushes,

The field of a2 non-synchronous polyphase motor 1s usually the rotary cle-
ment of the motor, for then brushes and collectors are ant requued, as
already explained. The field then consists of a lanunated ron cylindes
mounted on a shaft. A number of stout copper wires or bars are threaded
through holes near the penphery of the cylinder and parallel to its axis, or
are embedded n slots in the cylinder, By this construction the air gap te-
tween the iron of the field and that of the ather element of the motor can
be made very small, which 1s essential to efficiency, for, if the magnetic re-
sistance of the aur gap be not comparatively low, a large magnetizing current
will be required by the motor,  The bars or wires are carefully insulated
from the cylinder and are connected together at cach end to a copper ring,
which joios them together in a common closed circuit, or they are connected
together in 4 number of independent closed circuits,  When the field is
stationary it usually consists of a cylinder or ring of laminated iron in the
centre of which is the rotating armiature,  The windings of the field are ar
ranged and connccted together in the same way as when it is rotary, with
the exception that the windings arc on the nner perniphery of the cylinder
or ring.

Thg armature of i polyphase motor is preferably a ring or cylinder of
laminated iron somewhat similar to the ficld core.  For, asis apparent from

the manner in which the tagnetic field rotates around the armatate, a ning
of wron without projecting pole preces facilitates the rotation of the field and
also avords injunons reactions caused by the projecting pole preves One
of the supplest forms of this type of armature 1s the Gnumme nng armatute
alrcady referred 1o, which has no commutator and whose windngs ate sup-
phied with two-phase currents at points go Jdegrees apart . points 180 degrees
apart bang supplicd with the same cunent, e combined action of the
two curreats sets up o single totary magnette fiekd m the armature “Lhe
samie result 1s obtained with three.phase curtents by supplying the currents
10 the armature windings at ponts 120 degrees apart. The drum winding
15, however, generally used instead cf the gramsie winding, and i tins case
the windings are connected together by conductors arratiged around the
nng near s peaphesy. The windings of this type of armature are e
bedded in the wron core in the same way as those of the field, and for the
same renson, viz - 10 reduce the magnetic resistance of the wr gap. A ning
aemature of thus type can setve as either the stationary or rotary element of
the motor.  When it setves as the rotary element, the currents are supplied
by collectors and brushes.

‘The armature windings are arranged 10 produce a greater or less number
of poles, according to the speed at wlich the motor 1s desired to run - The
speed vanes directly us the frequency of the exciting currents and inversely
as the number of pairs of poles in the armature.  For example. of u motor
having two purs of poles, be supphied with four pans, the totary magnetic
field witl then take twice as long as at first 10 make one revolution, and the
speed of the motor will be reduced correspundingly, us 1t 1s governed by
that of the totary field,  Fhe same result can be accomphished without dime
mushing the number of poles, by reducing the frequency of the exaiung cur.
rent one-half, which reduces the spwed of the rotary fickt so that st takes
twice as long as at first to make one tevolution A motor, therefore, must
be adapted to the frequency of the current on which it as to be used and, wn
order 10 have a slow-speed motor without many poles. the fre sucncy must
below.  \When the speed desired in the mutor requires many  poles i its
field and armature, a stattonary armature without projecting poles (sinular
to the field magnet of a contintious cutrent multtpolar dynamo) s generally
used instead of the rmf type of anmature, asat s difficult to get many poles
1 an armature of the latter type.

‘The foregoing explanations show that polyphise motors are of an ex-
tremely simple construction, consisting only of o rotary and i statiohay
element of laminated tron with suitable windings, and usttally without st
ing contacts or brushes.  They possess a number of good qualnies, amrag
which the most important is probably the absence uf a comnnutator which
must be used with continnous cinrent motors and which 1eguere nuch at-
tention andd is the source of tnuch trouble  P'hie absence of a commutator
practically hnuts the cate and attention required by a polyphase motor to
oiling the beanags,

‘The sumplicity of construction ¢nsures freedom {rom regairs as well as
facilitates the insulation of the vanous wandings,  The closed aramnt wind-
ngs on the fickd are never subject to an <lectromotine force of more than a
few volts. so that the nsulation 1s not W! ely to break down [ he mutors
will stand a considerable overfoad without undue heatng, and will also
stand consulerable abuse without damage, Regarding this pont, Dr.
Lows Bell, 10 a recent paper before the Amenican Institute of Electrical
Engeers, stated that he had never been able to burn out an armature con
or to senously injure i polyphase motor by the severest tests,

‘The non synchronous motors start with 4 strong torque and run alnost
at a constant speed under large vanations of load, and compare favorably
in these tespects with continuons current motors.  Tests of polyphase
motors of diflerent varous sizes show that their eficiencies are equal to
those of continuous current siotors of the same suzes.

1t is no wonder that the two.phase and three-phase systems for the trans-
nusston and distnibution of electrcal energy are atteacung <o much atten-
non when the good qualities of the motors are taken tnto consideration
conjunction with the fact that by these systems alternating currents can be
furmished for hight and power, and i additon continuous currents can be
supphed by means of rotary transfornicts.  ‘The polyphase systems is thus
capable of universal applicition, as from it can be operated any kind of
electnical apparatus for enther alternanng or continuous current and at any
voltage.

THE POSSIBILITY OF SECURING BETTER REGULATION
AT CENTRAL LIGHT AND POWER STATIONS BY
MEANS OF FLY WHEEL ACCUMULATORS OF IM-
PROVED CONSTRUCTION.

By Joun Gavnt, C.E. AND M, E.

The object cf this paper is to indicate a simple means whereby
considerable energy may be efficiently stored and restored to advan.
tage for central power station purposes.

This at once suggests that a suitable accumulator capable of
operating also as a regulator must be introduced.

Energy, as you all know, is only another expression for accumu-
lated work, which may be done cither by raising the body a given
height, or impressing upon 1t a given velocity, the first example
being the stmplest idea of what 1s meant by the elementary measure
of work.

When force acts upon a free body it will of course set &t in
motion, notwithstanding its wnertia, which presents a resistance to
be overcome  Thus work is also done in impressing upon a body
velocity either linear or circular, one of transition cr rotation

‘The inertia due to mass 1s ever present, therefore work can be
accamulated or stored up 1n a rotating wheel as surely asat can he
in the ram of a pile dnver, the bullet or ball from a gun, or the
ponderous head of & steam hammer

A heavy rotating body as a fly wheel of an engine 1s simply a
reservoir into which the work of the engine can be poured just as
water into a reservowr, or some mechanically constructed accumu-
lator, there to be restored when occasion demands

The following equation gives the estimate of work stored up ma
body when moving or rotating with a given veloaty.

When a velocity V is impressed on a bady of weiglhit W, the work
done or stored up

. W
= 2

From this expression we can conclude that the work stored up n
the separate parts of a body moving with any given velocity de-

nds upon the square of the distance of each part from the revolv.
ing centre of axis of rotation

For example, one pound or one ton weight 3 fcet from the axis of
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rotation has nine times as much work stored up as the same weight
at a distance of 1 {oot, provided the angular velocity is the same in
both cases

There are very many examples in the arts of accumulating work
by simple mechanical means, simiar an principle to the one
which 1 now propose for consideration,

The fly vheel press which is used for cutting and punching
material or stamping coin consists merely in the application of a
revolving lever or wheel weighted at the ends, or the heavy re-
volving flywheel in a shearing or punching macline has the same
principle applied for accumulating energy to assist in carrying the
prime mover over its hardest work

Take the case of the tiny sewing machine, whether driven by
hand or foot  When the \\{;ccl is turned rapudly it runs steadily
and uniformly, notwithstanding that the dnving force is variable,
this exhibits largely the function of a fiywheel for ordinary pur-
poses.

From what 1 have already stated @ good deal may easily be
learned about the nature of a fiywheel.

Suppose two wheels cxactly alike attached to each other on the
same shaft, so as to make practically one wheel of double the weight,
then the work stored up tor any given speed per minute is doubled,
thus showing the influence of weight alone.

Let, however, the speed be doubled by increasing the number of
revolutions in a given time, or by increasing the diameter of wheel,
then the work stored up is four times as great.

This latter case emphasizes the great importance of velocity.

Reverting to the onginal formula representing the energy stored

. . WV . s .
in flywheel, viz B 2 then by difterentiating & E =
v !’

“;-' aVor \\f\" Al . Av\ which is the fluctuation of velo-

city, and it is the function of the flywheel to keep this down
within small limits  This fluctuation may arise cither from varia-
tions in the effort exerted by the prime mover or from varintions in
thec:’oad or resistance, or it may anse from both these causes com-
bined.

When one flywheel is used it should be placed in as direct con.
nection as possible with that part of the mechanism where the
greatest amount of fluctuation aniginztes . but whea it originates at
two or more paints it is best to have a flywhel connected to cach.

We can readily sce from the original formula that a flywheel run-
ning with a considerable rim velocity can store a very considerable
amount of energy

Take for example a wheel having a rim velocity of 75 feet per
second, and weighing, say 20 tons :

20 x 75°

Energy of rim Py

1747 foot tons

1737 % 240 Lgap.

Expressed in horse power minutes

T\’
Or direct from original equation ;:g 118.6 P minutes

‘This represents the ordinary safe speed of the present best de-
sign of cast wron flywhecls  Now if improved flywheel construction
will secure an increase of speed say to 150 or 300 feet per second, the
cnergy stored would of course be four umes and sixtcen times greater,
viz, 500 to 2,000 horse-power minutes respectively, as against, s1y
120 horse, with a similar proportionate increase of energy available
and ready 1o be restored for regulating purposes.

Column 2 of table 1 shows the total amount of encrgy stored for
different rim velocities for each ton weight of rim

The enesgy is txpressed as horse.power minutes instead of {oot
tons or oot pounds —in other words, if the energy of the flywheel
were all used up in one minute the horse power given out would be
the number there statad

Flywhecls of the ardinary typein use occasionally fly to pieces with-
out giving the shghtest warming, making an utter wreck of the
station, besides being very often accompanied by loss of life.

Of late years these accidents have become very numerous, ana
the reason is simply this, that prime movers and fiywheels are
called upon now to perform much harder duty than formerly, and
any one who has studicd the present requirements, especially for
central power statton work, must be more than convinced that
some improvement in the line | am pointing out would be of im-
mense advantage  Little or 20 improvement in the design and
construction of flywhecls has taken place since the introduction of
the steam cngine, and this is all the more remarkable when we
counsider the many improvements which have taken place in 2lmost
cvery other direction and detail of mechanical science,

The consensus of opinion of both mechanical and electrical en.-
gincers and experts cverywhere may be summed up in the state-
ment by Dr. Edward Hopkinson, of London, England, in his late
paper on Electrical Railways, viz -

* U{ an eflicient accumulator, capable of working as a regulator,
could be introduced, it would be possible to reduce the capacity of 2
generating plant by at least 35 10 4o per cent . and at the same time
considerably increase its efficiency.  Such an accumulater 1 ven-
ture to sugRest is to be found in better wheel construction.  \With
any clectric ratiway on which there are a numlxr of cars 1t always
happens that at frequent close intervals of time the load is very
much beyond the average power required **

The gencrating plant at the central station must of course be of
sufficient capacity to meet the largest demand which may be made
on.  Consequently without some source of accumulated energy
to fall back upon, the prime movers must be made larger in order to
handle with certzinty the maxunum loads.

Both in Europe and America the subject of improved flywheel
construction s now begianing to receive the attention its import-
ance deserves

The central station of the Union Railroad Company, from which
are run all the troltey hnes of Providence, R I, has lately installed
cross-compound engines, with direct connected generators on engine
shaft, having specially designed flywheels, the main object being
the prevention of accidents, which {):\vc recently been of frequent
occurrence.

Mr Sheldon the engineer, believed that he could make a wheel
which would be absolutely indestructible, and prevailed upon the
directors to insure themselves aganst the flywheel epidemic, by
building it entirely of wrought iron and steel, with a large margin of
safety— no attempt or claim, however, being made to secure better
accumulation of energy, and consequent steadier regulation.

Its design and construction will be apparent from the drawings
reproduced and illustrated in Fig 1.

H
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The steel rim is attached to a plain steel disc, which takes the
place of arms or spokes, the whole being connected to shaft as
shown by means of cast iron hub or nave.

‘This wheel, which must have cost a very great deal of money,
has not been built toact in any better capacity as a regulator than
the ordinary cast 1ron flywheel, and it surprises me that it was not
designed and proportioned to uperate also as a powerful wheel by
merely increasing its rim velocity, even at the expense of a reduced
factor of safety, which at 4o is altogether too high for require.
ments of safety alone, especially when wrought iron and steel is
used, and not cast iron, which at the best is 2 most uncertain metal.

That there isa want for a powerful but light fiywheel will be
generally admitted

Some advocate heavy flywheels because of their power, others
again condemn them because of their weight.

A powerful flywheel of erdinary design, meaning a heavy fiywheel,
has placed engineers between the deviland the deep sea.

Now apowerful and light flywheel deriving its power from its
high speed should satisfy both sides

In prosecuting my ¢nquiries 1 find that already a very good prac-
tical solution of this problem has been suggestc(i.

Prof Sharp, B. Sc., Wh Sc., etc, a distinguished mathemati.
cian and engineer, of London, England, has taken up this subject,
and actually invented and patented within the last month or so a
new method of wheel construction, which appears to exactly
fill the bill. This improvement covers the entire ground, and

Fic. 2,

strange to say, is applicable to all kinds of wheels from the peram-
bulator and bicycle wheel up to the palley for power transmission,
as well as large flywheels.

Having made thisdiscovery, I at once entered into correspendence
with Prof. Sharp, and have his letter of last month (August). stat-
ing that he is now arranging to have his new design introduced in
some important contracts.

I am much indedted to him for his pamphlet givin
curate and full dcscrii:uon of this new system o©
struction, together wit
Nete Flyscheel ™

The principle of this new construction proposed is based upon
the usc of steel spokes nstead of arms or disc. these spokes being
tangent and attached respectively to therim and nave.

This feature of tangent spokes, now 50 well and favorably known

a pretty ac-
whee! con-
rules and formula on the * Theory of the
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in bicycle wheel construciion, is, it seems to e, one which can be
advantageously apphied and extended pencerally to all kinds of wheels,
and itis in this direction where mechameal accumulators may be looked
for. \When any wheel butlt with radiat arms or spokes is at rest, their
direction passes through the centre of the hub, but when a dnving
effort is exerted, the direction at once changes, and instead of pass-
ing through the centre of the hub, passes along tangent to a small
circle us illustrated in Fig 2.

This action causes continual bending to and {ro of the spoke at
the point where it leaves the hub and the stresses induced by bend-
ing are much greater than those due to the direct tension of the
spokes. In fact a wheel with radial spokes is not a rigid structure,
for before it can be driven the hub has to be moved through a small
circle relative to the rim.  1f the direction of driving isreversed, the
hub must first return to its original relative position wad then be
displaced an equal amount on the opposite direction before driving
cap take place. To obviate this injurious action, tangent spokes
have been introduced of late into bicycle and other classes of wheel
construction, and there is no good reason why this design should
not be adopted for wheel construction generally and especially for
pulleys and flywheels, These tangent whcefs are built with the
spokes such that they all permanently touch a certain fixed driving
circle  Half of the spokes are inclined in one direction and half
in the opposite.

In a wheel constructed with spokes tangent to the driving circle,
when the driving effort is exerted. the tension of one half of the
spokes is increased and that of the other half diminished

Theoretically, then, a tangent wheel is much better than a direct
or radial spoke wheel, since 1t approaches more aearly to a rigid
structure, as the angle of displacement of the hub relative to the
rim being very small and due entirely to the stretch of the spokes
caused by tension due to driving effort.

A heavy flywheel which is too large to be cast in one, or two
half pieces, is usually built up, the rim being cast in segments and
the arms also of cast iron carefully fitted at one end to the nave and
at the other to the segments of the rim, or in some cases the arms
are cast on as part of the rim segments and only require attaching
and fitting to the nave.

The cost of constructing a large flywheel in this way is very
great.

Fig. 3 is a section of the rim with spokes a'tached for a flywheel
pulley to be built in scgments on the new system.

+ 1

-3 -.o—- ——

Sraiacas seac
LELE T 1)

seonis 13 0in

21 FT. MIAMETER
fic 3.

With ordinary cast iron wheels the speed must not exceed a cer-
tain limit. as the centrifugal force duc to the rotation produces
forces on the rim acting radially outward . these are balanced partly
by the tension on the arms and partly by circumfereatial tension on
the rim , these combined forces produce bending on the rim similar
toa beam uniformly loaded and fixed at supports, asshown n Fig. §

e,
- -

The exact amount of the stress due to this bending moment is
difficolt to determine, but that it is very much greater than the cir.
cumferential tension on the nm 1s proved by the fact that a hinear
s‘)ccd of nm of 100 fcet per second (which is the highest speed
allowable for a large fiywhee)). the circumferennial tension on the
rim is only 3 ton per square inch. whereas the breaking tensile
streagth of cast iron is from 10to 12 tons  Thus the stresses on
the rim duc to bending caused by the pull of the arms at a few
points only, must certainly be very great

in flywheels with numerous steet spokes, Figs. 3 and §, there is no
very great length of rim unsupporied, consequently this bending
action is almost catirely chminated, and thesefore 2 much higher
speed can be used with safety

In wheels with radial arms the amms or spokes which are straight

when the wheel 1s at rest will each be bent as shown eaapgerated at
a b (Fig 5). when the eflort s bewng transnutted from the nave to
the rim 1n the direction mdicated by the arrosww  If the direction of
driving be reversed, or if the dnving eftort be lessened, and the rnim
overruns the nave the arms witl be beot as shown by dotted lne
ata b.

DAIVER

FIG. §.

It will be scen therefore that radial spokes constitute & slightly
fiexible coupling between the rim and nave of the wheel. so that the
rim may be moving with practically uniform velocity while the
fluctuation of velocity of the nave may be constderable, wheeas the
action of the tangent spokes, being a rigid structure, is entirely
different

In continuing the consideration of this subject further, I will refer
almost entircly to Prof Sharp's system of wheel construction,
because | find he has provided for the difficulty of attaching spokes
to nave by a simple and cfficient method of winding spokes in
pairs around the nave in helical friction grooves

The distinctive features of Prof Sharp's new system of wheel con-
struction are illustrated in Figs Gand 7

The nave or hub of the wheel is attached 1o the rim by a series
of loops of iron or steel. one loop forming a pair of spolkes

Fig. 6 illustrates the clevation of a wheel with 24 spokes in 12
pairs  One Inop or pair of spokes is shown thickened.

The ends of spokes are fastened to the rim by means of nuts or
nipples in any usual way

‘There is absolutely no fastening of the spokes to the nave beyond
that duc to friction

The ends of all spokes may lic in one plane, but as the spokes
approach the nave they are spread out latterly in a similar manner
to that u-ually seen in bicycle wheel

F1g. 7 is a section through the nave and rim and shows the lateral
spread of the spokes |, the nave surface may have a single or maluple
screw according tu the requirements

The pair of spokes a. a , Fig 8. is shown having an arc of contact
with the nave of nearly half a turn. the part of the loop e, a . 10
contact with the nave, is {ormed spirally so that all ends of the
spokes un onc side of the middle plane begin contact with the nave
at the same distance from the middle, and the other ends leave the
nave ncarer the centre or nuddle plane, Fig 7.

In the wheel illustrated in Figs 6 and 7 there are twelve pair of
spokes. six par being on each side of the centre or middle planc,
so if the parts 1n contact with the nave lie in grooves, these grooves
will form practically a six-threaded screw on the nave surface

The arc of contact of cach pair of spokes with nave may of course
be varied.  Thus kecping the end a fixed in the position shownin
Fig. 6, the end a‘ could be taken to the place occupied by a

By making the spokes have a spiral arc of contact with the nave
as described above, the positions of all the spokes relative to the
nave are exactly similar, and thues the wheel is symmetrical, and the
spokes are all of exactly the same length

This would not be the case if the arcs of contact were circles
whosc planes were perpendicular to the axis of the wheel, as the
middle points of cach of the paws of spokes would then all heat
different distances from the middle plane of the wheel

The nuts or nip{:lcs fastening the spoke ends to the rim being
screwed up until the necessary tension is on the spokes, there is
ample friction between the spokes and the nave to prevent any
relative movement, while the angle at which the spokes leave the
rim remains always the same, consequently there s no injurious
wrenching action on the rim joints

The rim joints can thercfore give no trouble, however scvere
the work to be done by tlic wheel

In Sharp s wheels the action of the spokes is illustrated in Fig 1o,
and shows the relation of the pair of spokes to the nave and nm,
When transmitting effort from the nave to the rim. i the direction
indicated by the atrow, the pull F, on the partion « b of the paur of
spokes is a fiulc greater than the nitial pull, while the pull Fo an
the poruion d ¢ is a Jittle less than the imnial pull.  The diffzrence
between Fa and Fg 15 taken up by the frictional grip of the porunn
b ¢ an the nave The diflerence (F* — ¥4 mulup‘icd by r, the
radius of the hub, gives the twisting moment transmtted per
pair of spokes  Or the forces Feand 'y acuing at a and d res-

ctively, may be resolved into radial and tangential components

o.Re.and Ta, Rg respectively  The radial components 4 and
R4 have no effect in aceclerating or retarding the motion of the rim,
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so the resultant force accelerating the rim is (14 — Ty} per pair
of spokes

Now, in a flywheel suppose the effort at any nstant 10 fall below
the average resistance, as would be the case near the beginning and
end of each stroke of the engine, the pull Fy on the portion o ¢
would become greater than the pull Fy on portion a b, and the rim
of the flywheel would supply to the nave the momentary deficiency
of effort  The only effect of this slight variation cf stresses on the
portions a b and d ¢ of the spokes is that lhcf' are slightly elongated,
the clongation being so small that the whole wheel—nm, spokes,
and nave—constitutes a practically rigid structure  Thus for a
variation of stress of t ton per square inch, taking K, Young's

FiIc 6. £16. 7.

modulus, 10,000 tons per square inch, the spokes will stretch peri-
odically ;.4 .th part of their length  In a wheel 20 ft. diameter
this periodic stretch of the spokes will be
10 x 33
. =
As regards the staunchness of the joints between the rim and
spokes, the case is infinitely better thaa in the radial spoke wheel
Whatever be the stretch of the spokes, they must always touch the
nave circle of radius r Thus the angle at ¢ or d at which the
spokes leave the rim remains always the same, and there is conse-
quently no wrenching action on the rim joints.
Fig 8 shows description of a hugh speed flywheel according to the
acw method of construction, Fig ¢ showing enlarged section of rim
An eaactly similar method of construction can be applied to fly-
wheel pulleys where 100 large to be cast in one piece, as illustrated
in Fig 3. the spokes and nave can be designed 1n a similar way to
fig § with 10.threaded screws
This cast 1ron puliey (see Fig )15 21 ft india. and has 1} in
spokes The nm is in scgments of castiron and weighs in all 16
tons, nave 1 ton, and spokes 7 tons . these proportions of course will
vary according to the requirements of design for different speeds
In order 1o 1llustrate more pointedly and fully the applications of
these new designs let me take first the example of a gas engine
worhing with the Otto cycle, the eacess energy of which is very
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large. and to run steadily they must have very powerful fiywhecls

Yor electne Lighting purposes a gas engine is'sometimes employed
to dnive a dynamo direct

As an eaample. suppose a dynamo to make 240 revolutions per
minute o 4 revolutions persecond wath a flywheel cast in one picce,
taking the safe rim velocity to be So ft per second. its diameter
would be 6 3 feet

With a uheel built onthe new system. the weight of rim being the
same as before, 3f the diameter were increased 10 16 ft . the velocity
would be trebled. and the fluctuation of velocity would be reduced
to anc-minth part of 1its enginal value. )

The governing of gas cagines is obtained almost altogether by
cutting vyt eaplosions  So that with say half lord (2 necessity
which caists often in central lighting stations), an explosion would
only tabe place every three or four revolutions, causing great irregu-
lanty of ruaning, unless specially provided against

\What was wanted, therefore, was a gas engine that would give
about as good and regular turming movement as the double-acting
steam engine, and which might in most cagses be easily coupled
direct to the dynamo

By introducing a powerful fly wheel, say of increased weight and
speed, a very steady effect could be secured, and if gas engines had
always been provided with such tlywheel accumulators, there would
have been little trouble v+ith belts and unsteadiness of currents from
dynamos.

Column 2 of table § shows the amount of encrgy stored for
different velocities fcr each ton weight of rim.

Table 1 has been carefully caleulated and will be found most
useful for designing fly wheel accumulators to satisfy given con-
ditions

The available energy per ton weight of rim for a total fluctuation
of 104, will be found in column 3. If, however, still closer regula-
tion is desired for special cases, then to provide for a total fluctua.
tion of only 5%, t.e, 24 per cent. above and 234, below the average,
then column 3 divided by 2 will give the horse.power minutes of
cnergy available, and of course column 4 would require to be just
doubled. the remaining colvmns, however, would remain unaltiered.

By way of illustration, let me take another example where the
extra power required at the generating staution, corresponding with
the starting of cars or running on up grades, ctc., would be about
50 to Go horse-power minutes.

From column 3 it will be scen that if a flywheel accumulator be
built to run at a speed of 300 feet per second, with a weight of 3
tons in the rim, and with an allowance for a masimum fluctuation
of velacity of 5, above and 5%, below the average, this will supply
the 6o horse power required. ‘

Thus the engine and boiler plant may be of Cal\'lCil{ correspond-
ing to the average power required, provided this flywheel accumu-
lator be used.

St sPntmicay ucu.}'om

Thus when a sudden increase of load occurs the engine will be
developing less power than that required at the moment, and
the speed will diminish.

During this diminution of speed the flywheel delivers up energy
corresponding to the difference beiween the power required and
chat developed by the engine at the instant This diminution of
S{l\ccd roes on until the demand for power at the station falls below
that being developed by the engine

The speed of the engine will now increase shightly. and addi-
tional energy will be stored in the fiywheel

Besides reducing the size of the engines and boilers at the station,
such an arrangement will allow the engines to work steadily at or
ncar their best maximum capacity, which is most important and
advantageous where cconomy of steam consumption is coacerned

The mechanism of the engine is subjected to far less stress since
there is no violent fluctuations of speed, and the governor gear may
in many cases be reduced 1o the simplest ty pe, thus permitting often
considerable increase in the numbcer of revolutions per minute of
engine, which would assist somewhat n sccuring the necessary
kigher rim velocity of flywheel.

In many cascs a flywheel might also be attached direct to the
dynamo shaft, with some suitable {riction interposed between it
and dynamo, su that in case of short circuiting the armature of the
dynamo might be pulled up while the iy wheel continues to revolve,
thus merely corresponding to the breaking of the belt in the case of
a belt-driven dynamo

Taking a speed for a dynamo shaft to be Goo revolutions per
minute, a wheel 11} feet in diameter would give the necessary rim
velocity of 300 fect per second, and for the requirements of last ex-
ample give the nccessary 60 horse.power minutes of available
cnergy

From an caamination of load curves from several fower stations
talen from meter readings, the period of time from average to
maximum load seldom exceeds one minute, and inaverage-sized and
well-developed milway systems this period is very much reduced,
and falls within 15 seconds

The laad curve for example from the Toroute Street Railway
potwer station showed at one time a fairly uniform load Iine of 2,000
average horse power. the readings being taken, 1 think, every 15
minutes, and even then the ordinary average was tabalated after all
the violent and momentary fluctuations on amperc meters had ceased

Had the load curves been drawn out to readings of 15 seconds

AG. 10.
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instead of 15 minutes, the variations would have been clearl
marked , as it was, however, I found that within periods of h:\(f
minutes, more or less, the extra power required varied from 20 to
30 per cent above the average, viz, from 2,000 to, say, 2,500 horse
power. And it would be further apparent to any observant
mechanic that the entire machinery in the station from the revolv.
ing armature in the generators, down through the mechanism of
the engine and its governing gear to the very steam inlet valves of
cylinders, and along through steam pipes to the water in boilers,
had to accommodate themselves directly to this sudden demand
upon them, simply because there was no form of accumulated
energy attached to the driving machinery to fall back upon inorder
tocarry it over the momentary maximum load resistance,

The engines in this station are five in number, cach of say 500
horse power, of the Armington & Sims design, cross compound with
double cast-iron flywheel pulleys, each 8 feet in diameter, and re-
volving at about 275 revolutions per minute, belted direct to gener-
ators for a much higher speed

For the purpose of comparison it will be sufficicntly near the
truth to assume that both flywheel pulleys have rims both weighing
together about 4 tons, running at 1oo feet parsecond  This, accord-
ing to table, will give 40 horse-power minures, and with a total
variation of 23 per cent. above and below the average speed, the
total available enery will be 4 horse.power minutes, or a total
available energy for road regulating purposes over the entire §
engines in station of 20 horse power.

This amount is of course entirely inadequate for anything be-
yond the mere work and the functions of an ordinary flywheel.

You will now appreciate the value and importance of having ac-
cumulators, designed for storing and restoring from 2o to 30 per cent.
extra power beyond the average requirements, and you can also
understand that there is no difhiculty or trick about having flywhcel
accumulators attached to properly handle such conditions, especially
as additional wheel accumulators could be applied to the genera-
tor shafts as well as to the engine shafts if necessary.

This plant, by way of comparison, as it stands, therefore, should
be good for an average of about 2,500 horse power, but if designed
with proper flywheel accumulators it could handle with ease an
average of 3,000 horse

Now, coming to the case where gencrators are connected direct
to engine shaft, the problem is much easier and cheaply solved
when the speed runs from 300 up to 6oo revolutions per minute, but
when the rotative speed is down as low as 1co revolutions per
minute, the problem of attaching efficient and suitable flywheel ac-
cumulators becomes much more difficult and costly.

\What I have said already will fully explain and provide for the
case of direct connected higzl rotative-speed generators, but by way
of variation let us consider the case of slow.speed generators, for
example, the large horizontal cross compound Corliss en “ines of
1.200 horse power being built for the Toronto R:xilw:j‘ Cuapany,
to the engine shaft of which the generators are attached.

Each of these engines is provided with a specially built.up fly-
wheel, 20 feet in diameter, and having an eflective rim weight of
say 30 English tons, now running at go revolutions per minute, or
1.50 per second, the rim velocity will be go feet per second.

The total energy stored in flywheel

Wvs

= 588 T 250 horse-power minutes.

Giving 25 horse-power available energy. correspondiog to

2V — 1 for regulati
v = g for regulating.

Here also it is at once apparent how belpless this flywheel is ta
permit of a sudden variation of load without calling upon the entire
mechanism and governing gear of cagine to act and react, so as to
control the proper distribution of steam

In other words, as there is no great accumulated encrgy the en-
ginc indicator cards will vary very much in the same degree as the
load resistance.

Although the weight of revolving armature, etc, will add
to the cnergy stored, the engine will still be subject to the
varying stresses due to the continually changing load.

Now suppose onc or 1wo flywheels of the same weight were built
to run at Soublc this velocity, or better, say 200 feet per sccond. the
total available energy for the above fluctuation would be increased to
250 horse power, or fully 20 per cent. beyond the average power of
engine, viz., 1,200 to 1,350 horse power.

n other words, the engines as designed will average normally
1,200 horse, whereas with cngines designed for 125 revolutions per
minute. with two flywheel accumulators would give a working aver-
age of about 1,500 horse, with greater ease and much better results
as to economy.

The following theory of the new fiywheel by Prof. Sharp, with
certain examples and cases worked out, will be found most uscful
and valuable for refercnce:

THEORY OF THE NEW FLYWHZEL.

Iet W = total weight of rim in tons
W' — weight of spokes

V = average velocity of rim in fect per second

E = kinetic encrgy stored in rim in foot-tans

N = kinetic encrgy stored in vim H.1. minntes
Nt = Available H.P. minutes corresponding to

r — the radius of the rim in feet
f == tensile stress on the spokes, tons per square inch
a .- angular velocity of wheel
AV = difference between maximum and minimum velocities
\4
7 AV fuctuation of velocity
\'

s . weight of 1 &t length of spoke, 1 square inch section ==

3381b = oo1s: tonms

a  sectional area of a spoke, square inches
' weight of one spoke.
Energy of Rim.—

A
I . N ) ]
2w
. . Wy
Differentiate, then approumately al. a\
Y
WV 5V n\VVe .
-H— v = . = 27 1 . P (-!)

< '\ ¢
N =22’“il.' = W (1h)
33000 048.8
N 29 N -c13s8q9E .o (24)
Energy of Spokes, considered radial —Consuler 2 small prece of a
spake of length d x. and distant x feet from the centre of the shaft,
its weight will be sad x, its velocity a v, and thercfore its hnetic

saat a?

cnergy stored in it is Cap de.

The kinetic energy stored in one spoke will be

saat [r satr ys 0, \'?
2 Jevde = Og = o - (3)
9

Thus the kinetic eaergy stored up in the spohes is one-third that
due to their weight, if concentrated at the rim.

Centrifupal Tension in Spokes, due to weight of rim only.—Sup-.
pose that the centrifugal force of each clement of the rim 15 trans-
mitted to the spoke, 5o that when the flywheel is revolving there it
no circumferential tension of the rim  Then the total tension on
the spokes is—

W Ve 2 K

t . « e .
o=, tons ()
The total sectional area of the spokes will be

zE square inches . . e e e (5)

The total weight of spokes is—
zE __ K _ Wvse N )
J 331f  =340f z247f

Thus from (0) it scems as if the centrifugal forces due to the
weight of the rim be eutirely taken up by the spokes, the necessary
weight of the latter depends only on the kinetic energy 10 be stored
in the rim, and on the working stress to which the spokes are
subjected

Centrifugal Teusion in Spakes, due o their o1on weight only. —Sup-
pose that the forces due to the weight of the rim are balanced by a
circumferential tension in the rim. as in the case of a plain ring
revolving about its geometrical centre.  The tension in a spoke will
then be due to its own weight.  Consider a spoke of t square inch
sectional area ;. an element of it distant x feet from the centre, and
of length d x, will have the weight s d x, and the velocity a x.  ‘The
tension in the spoke balancing the centnifugal force of this
38%% 4x,

clement is

The total tension at the centre (considering the spokes radial)
will be

r
Sas s o VY anspersq in ()
= xdx 2 20 43800 per sq 7

°
In the himitng case, when the stress due to centnfugal force of
spoke is cqual to £, the safe tensile resistance of the material, we
have V7 - 32800f. If the value of / must not exceed 10 tons per
square inch, V" must not exceed 654 ft per second

C:'rnm?’(rm!:'ul Tension in Run due to its osen weight — 1 the cen-
trifugal forces due to the weight of the rim are balanced by a cir.
cumferential tension in the rim, this tension is (sce Unwins
* Machine Design )

s\'2
= . ()

Table 1. has been calculated from the above equations, and is
useful for designing a flywheel to satisfy given condstions

Case in schich the Centrifugal Forces due to Weight of Rum are
Balanced partly by C:rmmj{rmﬁnl Tension in Rim, an /'mrl_; by
Tension in the Spokes.— A numerical example will perhaps illustrate
the treatment of this case most clearly

Suppose the rim veloaity to be oo ft per sccond. the stressesn
rim and spokes at this speed to be 35 and 5710 tons per square
inch respectively  (These two values of the rin and spoke stresses
must be. of course, assumed, respectively, lower and higher than
the values given in the table )

The tension on the spokes duc to their own weight is, from equa-
tion (7).or from the table 2 10tons per squarc inch, leaving 3
tons per squarc inch tension on the spokes to resist centrifugal
forces of the rim  Let W, be the weight of the part of the nm
whose centrifugal forces arc taken up by the spokes then from
cquation (6) the weight of spokes is

W, x 300
21340 x 3

Let W, bethe weight of the part of the rim whose centrifugal
forces arc resisted by the circum}:rcnu:ul teasionof therim  If this
tension existed only over the part W, of the sim, 1 would, from
cquation (8), or from the table. be equal to 4 20 tons per square
inch. Being spread over the whole rim W, + W of the wntcasity,
35 tons per square inch, we have

35 (W, + W) g2W,
from which We  5\W,

1 406 W,
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Thus taking WV, -< § ton, W, will be 23 tons, the totai weight of
rim will be 3 tons, and the weight of spokes *703 tons.
The energy stored, from cquations (1) and (3), is
2
i '?4 3% 306 7 horse-power minutes
Provided the initial tensivn on the spokes be correctly adjusted,
the stresses on the rim and spokes would be 35 and 5 10 tons per

TavLe L
tal aslabl Wcﬁht o Ratio of l
To! Av 0] ™ 0 o
, one i ulred | wolght of Gntril “W“i;’
""gf“’ atorea et wn'ﬁlé’\'ix toc 100 1% P. q\oliona strose in lt;onl?;nduo
dm. [0 chbr ofrim, | miuutes | weighof | rim due to thelr
olnm PLE avatlable vim, to itsown own
. cocrgy, [/ 5tons; welght, welght.
v N Nt n = s |Porag. in. I
Ft. por sec.| ILP, mina{f.P. mina.] Toos. T:qn_"gf’ “.3'3'
50 263 Ry 1897 0 ‘nr 058
100 10:54 2108 4343 004 469 234
150 2371 4742 2108 2n 10 ~52%
200 213 843 186 368 | 187 938
250 6587 1317 % *385 292 146
300 o & 1897 827 ‘843 420 210
330 1289 2582 bk 14 115 573 284
400 1636 53458 298 1:%0 748 374
450 A0 4269 2:36 189 947 443
500 2438 5270 1897 234 mes 1 osed

square inch, while the wheel runs steadily witha rim velocity of
300 ft. per second. Taking the number of revolutions per minute
£00, the diameter of the rim would be

300 » bo

- 1151t
S500¢ 3
Circumference of nm 30 ft
. . 3
Section of rim 2174 x 36 square {eet,

2174 tons being the weight of a cubic foot of wrought wron - that s.
the section of the rim would be 55-2 square inches.
The total sectional area of the spokesis
703 X 144
2174 X 575
32y 45 pairs of spokes 1,4 1 diameter
Initeal Tension on the Spokes —Let A be the total scctional area
of spokes (that is, equal to the sectional area of cach spoke multi-
phied by twice the number of pairs of spokes), let A, be sectional
area of rim, f; and f, the tensile stresses on the spokes and rim re-
spectively when the flywheel is running at its proper speed, F, and
F, the corresponding stresses when the flywheel is at rest. Then,
evidently,

== 91 square inches

A, F,=244A,F, . N (8)

the negative sign on the right-haad side of the equation indicating
an mmtial cumpression on the nm corresponding to an mtial tension
on the spokes  When the fiywheel is running, its radius will be
slightly larger than when at rest  Let x 7 be the increment of the
radius. Er and Fa the moduli .« f elasticity of the nim and spokes
respectanely  Then the aldition.l tensile stress un the spokes, due
to the i rement f the radius, w.il be 2 Es and the addimonal ten-
sile stress on the nm will be s E,  Therefore

fieF+xB .. ... L9

SrewF +2E ... . . . .(10)
Eliminating x from (9) and (10) we have—
(/e ~F)E=(fr- F)E

or, substituting for Fr its value from (8),
A, F.
(fa - F:)Er'ﬂ (fr+ 2—r—-—A')E:- . . (11)
or, F(ScArE + AE)=2x Ar (A Er - frEs )
If the maximum stresses on the spokes and rim fs and

/- be given, equation (11) serves to determine the proper
initial tension Fs to be put on the spokes.

In tke examplo worked out above, f; = 5710 tons per
square inch, fr = 35, As = 91, Ar = 552, and equation (11)
becomes

Fe(Sx x 552 + 01) = 2 ¥ x 552 (5710 - 35).
From which  Fs(S46S + 91) = 3468 x 16
T, = 1-26 tons per square inch.
Tho corresponding initial compression on tho rim will be—

F, w 91 x 126

T 55_2-‘83tonspersqnaminch.

Friction betwocen Spokes and Nave —1et f be the tensile stress tn
lons‘Ker square inch on the spokes when the flywheel is running
steadily.

During acceleration of the flywheel rim let the stress on one end
of cach pair of spokes rise to fi  while that on the other end falls
tof,. letg arcof contact of spoke and hub, and & the coefli-

cient of friction. The horse power required to accelerate the
rim is

2240 A. RV
- = . 12)

R being the radius of the hub. If the spokes aro just on the
point of slipping on the hub,

foaewd . ag)
2

Assuming that f1 +/2=2f . . . . . . . . (14)
From (13) and (14),

2f

Eriawt

ub o
fx ge“e"l'l .af.

Substituting in (12)—

FAR.V e _ 1
HP. = 4077/ 2= (c—__""+ 1) - o

an equation giving the maximum power that can be transmitted to
the flywheel rim.

1f the power transmitted at any moment be less *lL..n that indi-
cated by equation (15), there will be no shpping of the spokes on
the nave.

In the example worked out above }ﬁg. 16,) taking « for iron on
iron (dry surface) o.2, and an arc of contact of 13 right angles,
0 - 2356and #8- 2603 Equation (15) becomes

HP. — 4°07 X 510 X 91 X §5'5 %X 300 X ‘603

= 10440,
575 %X 12 X 2603 4

which shows that the chance of the spoke shipping round the nave
during the ordinary working of the flywheel is very remote.  Per-
haps the greatest probability of the spokes stipping will be in the
case of a bicycle driving wheel, but here again the practical ex-
perience of the last cighteen months shows that this possibility
may be left out of consideration

Bending Stresses an the Rim —There will be a bending moment
on each radial section of the rim.  Considering the portion of rim
betueen two adjacent spokes, neglecting the curvature, the distri-
bution of bending moment is the same as in a_beam loaded uni-
formly and fixed at the supports, so that the elastic line at the sup-
ports is horizontal.

Let 4 — width of rim, 4 = thickness of rim mecasured radially,
and ] the length of rim between the two adjacent spokes, all ex-
pressed ininches  Let P le the total pull on each spoke 1n tons,
which wiil also be the load distnbuted on the nm between two
adjacent spokes  1f this portiun of the nm were frec at the eads.
the :bending moment on the section midway between the spokes

Pl
would be - inch-tons; but the ends being fixed, the bending

. Pl
moment on this section is —

2

. while the bending moment on the

id]
sections at the spokes is—7= (See Cotterill's  * Applied Me-

chanics.”” The maximum and minimum stresses due to the latter

P!
bending moment will each be iz—bT

In the example worked out above the spokes are 1,y in diameter
and are subjected to 2 tensile stress of 3 tons per square inch at the
rim. P is therefore= 266 tons; 1 is— ¢ in, b =9 in, and

d =31, The greatest tensile stress due to bending is therefore
rox9 _ ‘148 tons per square inch, showing that the stresses
2X g+ 9

in the rim due to bending are practically negligible.

In closing this paper I must apologize for its being unnecessaril
long and so much repetition, but my object was to make this
treatise on the subject as complete as possible, and above all to
cmphasize the necessity for, as well as_the many advantages tobe
dernived from, the adoption of improved flywheel construction.

The city council of Montreal are said to be considering the installa-
tion of an clectsic light plant alongside the new garhage incinenator,
with the object of using the surplus steam from _the ircinerator to oper-
atc the plant It is believed that in this way sufficient power can be had
to light St. Gabriel ward and Point  St. Charles, and thereby cffect a
saving of $3,000 per year.
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THE ELECTRIC BRAKE IN PRACTICE.
BY ELMER A. SPERRY.

Examination of accounts of the electrie street railway compantes
of our large cities reveals the fact that the item of damage, already
very great, is one of growing importance. Investigation of the cir
cumstances and detailed statements of numerous items taken at
random from the damage account, points at once, and in no uncer-
tain way, to the inefficiency of the present hand brake  In many
instances, could the car or train have been stopped within a com-

aratively short distance, the accident and resultant damages would
1ve been entirely averted  The first investigation led to others
with the same result, and in consequence the writer is prepared
to show that nearly 85 per cent of the accidents directly occurring,
are due to the incflicient operation of brakes  The growing fre-
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quency of accidents and the constantly increasing demands of the
public for damages, are indications that have not been made to im-
Ercss the mind of the engineer, or I am sure adequate means would

ave been forthcoming for the correction of so grave a fault in-
herent in all the present systems of power-operated street cars.
Some of our municipal authorities arc taking action with reference
to the increasing frequency and severity of accidents, and although
no thorough scientific investigation of the matter has been pub-
lished, yet it is a startling fict that with the present band brake no
electric or other equipment to-day stands provided with anything in
the line of an emergency tirrke.

Enterprise in America for the public convenience of ber citizens

ments  Especially is this true now that ample power for applying
the heaviest brakes is at hand, and even if used in a wasteful ang
extravagant manner, in the largest amount possible, is entirely with
ovut cost, and 1ts means of control already at hand  The importance
of this proposition should at once command the attention ot ail,
and commend the problem as such to the engineer

The popular appreciation of this point is illustrated by the grow-
ing (rcqucnc of its discussion by the daily press in our larger
citiecs  The following is an extract from an editorial recently ap-
pearing :

** The number of deaths due to motor cars has alarmungly m-
creased since the trolley system liberated the slow-going horse and
mule  Not that the deaths are due to the clectric current The
* deadly trolley ' notion has properly been eaploded  Itis the car
wheels that are doing the deadly work  Now that motors and
trucks have been in a measure standardized, managers of large
roads, especially, are being asked by their patrons why they do not
adopt proper precautions so that the death rate may be cut down
There is no one part of electric or cable railroading so important as
the ability to stop the cars quickly At such times hand-brakes
show their inherent inadequacy

In so grave and urgent a case what can be done in the line of
remedy 2 The question naturally arises, will any system of braking
worked upon in connection with the ordinary wheel of a vehicle by
sufficient for the stop required ?  What is the maximum eflicience
obtainable by the brake working through the wheels? s it suffi-
cient to arrest the car before accident in case of emergency?  Can
it be made in any event a sufficient accident preventer?  The popu-
lar notion that most accidents are due to brake failure is true, but
in a way that is little understood, the failure being one of degree.
It may not be known that under proper and standard conditions
any car or train may be brought from a speed of ten miles an hour
to absolute rest inside of ten feet. It is not generally appreciated
that the wheel brake has ample capacity to accomplisﬁ this. The
former investigations of the writer with reference to adhesion under
conditions of acccleration and retardation, climbing and descending
hills, afford ample proof that the rail adhesion through the

is trulyl phcé _ \\l-hccls ives
nomenal, an - e T B the wheel
reaches 1ts wzé ﬁ j"«- & 51&/0-)[510"1:‘ brake m;rc
highest expre- : _u!l‘ as . \ rdeston T AT 2 than capacity
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veniences for N accomplish
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per capita in.
vestment in
the cities and
larger towns
of this coun
try for elec
tric street rail
way work is
much larger
than is often
realized; in
some no less
than 855 isin-
vested for
cach man,
woman and
child for ac-
commodation
n antermural
travel The
cnormous ag-
gregate  sum
thus invested
has given a
stimulus to engineers resulting in wonderful advancement and
refinement in means for mobilizing the thousands of tons
of human freight that are hourly sceking transport  Vast skill and
almost untold resource have been devoted to perfecting means for
overcoming inertia and quickly accelerating cars and trains which
arc cver increasing as to their weight and capacity, with patrons
constantly more exacting as to speed and smoothness of operation.
and cspecially as to safety It is proverbial that while these ad-
vancemests have been going forward, comparatively no attention
has been E:u'd to the mechanism for retarding and quickly but
smoothly bringing the cafs and trains to a stop.

As the Jsracticc of the steam railroad engineer as to roadbed.
speeds and weights is gradually approached, his experience in the
solution of this most important problem of braking should be
studied with care  In so doing, however, the features wherein the
street car company is differentiated from the steam road problem
should be kept prominently in mind. We must remember that the
icomotive engineer is provided with a complete, expensive and
somewhat intricate apparatus with which to de-caergize his train
The periods of its application are comparatively infrequent, and as
to personal capabilitics, he is schooled and trained for years before
cver being allowed to touch either the throttle or the air valve.
While working, his pressure gauges allow him to adjust the brake
application to a nicety.  Morcover the time allowed for the total
retardation and final stopping of his train is usually very long com-
pared with that allowed in street railway practice

Of the two, the street milway problem is the more exacting, and
in the hands of far less experiencesd operators, and yet we are told
that the mechanism involved in its solution must bear only a small
ratio to the cost of the total equipment  Owing to the recently
developed relation between effective braking and the accident and
damage account, the purchaser will be spurred on to carcful investi-
gation as to the brake applied to his cars, and will be willing to
spend sufficient time and moncy to cffectually control the retanding
as well as the accelerating car.  To be sure. as little expensce should
be-incurred here as possible, but cnough to fully meet the require-

FiG. 3.

volve in unison
] nite an uneapected as well as pertinent relation to the problem.

For instance,
assuming any
weight  and
load. say 17.-
000 bs. the
stored up en-
ergy, 04,426
foot 1bs, can
with case be
dissipated
within twenty
feet for the
ordinary e-
quipment.and
less than half
of this dis.

tance, or a
little over ¢
feet  unler

condituane of
couplert  Ju
vers, or if the
wheels are
compelled to
This latter consideration will be seen to have

1t will be seen by a glance at the figures that the ceatre of grawty

f the ma ssis far above the wheel contact with the rail.  The re.
jtarding cffect takes place on the base linein a plane below that
of the centre of gravity, really the farthest projection downward
of the massas a whole. A sudden stop operating on this base
linc tends to pitch the upper portion forward bringing nearly all
of the weight, and with it the retarding capacity, upon the front
pair of wheels.  The brakes on the rear pair in the ordinary equip-
ment will have but little effect ; if, however, by any practicable
method they are coupled to the forward drivers, the brakes on
this rear pair still remain active and of full effect  This s true
even if the back pair should be lifted clear of the track  With
increased weight upon the forward dnvers comes ample increased
adhesion, thus preserving the full tractive effort of the total weight
intact for purposes of stop., which is impossibie n the ordmary

nipment.  These cffects are all aggravated in case of short
?:Lccl base. The present lcndchg' toward a longer wheel base
is a step decidedly in the right direction, and shoud be
cncouraged. The cffect of shifting the load in reference to the
axles will be especiaily noticed in descending hills, as shown in Fig
1, where the momentum of the rapidly retarded mass teads to shift
the load ~entre still further forward, 1n some cases almost wholly on
to the front drivers 1t will be scen to have less effect in ascending
grades  Here in stopping, the incrtin tends to correct the position
of the shifted load, whereas going down, in stopping, the momen-
tum, as stated, tends to still further aggravate the condition The
practical cffect of this may be seen whenever an ordinary street car,
mounted upon springs of fair reslience. 15 quickly stopped  The
car will be scen to suddenly nght atself, having been pitched for.
ward in the process of stopping (sce kg 2), the frunt springs beng
depressed and the rear springs extended  These considerations all
go to show in a ncwlight the advantages to be denved from coupled
drivers for general street railway service

In a paper presented at the last annual meceting of the National
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Street Radway Assocation, the writer gave the resnlts of an onginal
mvestzation relating to the relative tracuve value, evpressed
draw bar pull of the two styles of street car equipment, viz. with
separately diven asdes and wath coupled andes A grade was bl
consisting of 45 1b 1 rals nang from a spur of level track gnmg a
mean grade of 121 per cent Upan l!us grade was run first a
double motar equipment weighing 17,935

‘«M»—"s ha DI A dinamo meter was attached to
: g therear draw bar and back to the track,

i such a hine as not to ather ht the car

or drag the rear end downward an the
test  Curreat was then nrphcd through
avanable resistance, geadually allowng
the car to stran upon the dynamo-meter
until imaily the wheels shipped  Care wasespecially exercised on the
pent of geadual apphcaton of the stran so as to ehnmunate all ele-
ments of inertia o lunging forward upon the dvnamo-meter It was

P

foumd that A seties parallel controller is entirely useless for this pur-
After shpping of the wheels had commenced 1t was observed

IN ™e

| TS

the same was and the same controlling rheostat and source of cur-
rent was used  as an the previoas eperiment, the asles in this
equipment bemg coupled by bevel gears and to a single motor
The followang table pives the means of five sets of readings taken
from this car

Coupled Addes, Sngle Motor
Drname meter Car standing upon

Loguipment,  Draze-bar Pull  on

12 43 per cent grvle weight of sqmpment, 12,6585 lbs

Avvrage amn Avetage draw.bar Ratio draw baz

Groupr of te=is

frefes pull pull to weighe
1 200 3123 1hs 24 per cent
2 230 30 30 per cent
R} 210 075 - 32 per cent
) 220 4500 33 per cent
3 200 Wi 34 4 per cent

The same operater applial current o the cars o all tests, and
every Ganhition of electal pressure | track and weather remauned
wlentical thinughout  Other equipments of each class have since
been testen] substanvaung the above resultis The accompanying
cut, Fig 3 shows adar standing on the grivde wath dynamo.mieterat.
tached

Beaning these facts an nund. let us wirn for an instant to the
that the car woulid slde ain each snstance to the bottom of the grade
The values in the folloswang table are each the mean of four sets of
readings

Indepondent Al Teiwo Motor Lquipment, Drase-bar Pull  on
Dinamo meter, Car Standing on

12 43 per cent grade  weight of oquipment 17,935 lhs

Ranndraw.bar

Averae am Average draw. pull o weight

Gitaeup of tesin

petes bar pull o drvers
1 200 1625 i 9 percent
2 250 2250 125 per cemt
3 240 2N - 12 per cent
1 240 2075 - 11 per cent

[lus car was run oft the grade and replaced wath one an whach
all the wheels are compellead o revohe m umsen, but of much
lighter weight, viz . 12655 tbs  The dynamo-meter was attached in

ordinary hand brake  The ratio in the brake levers will be found in
the modern truchs to be anywhere from 6 to 113, averaging about 83
to 1 The lever anm of the brake stafl wall be found to beanvwhere
from 6i- to 13 Assuming 1< as the average, the radins from the
centre of the brake chain to the centre of the brake staff will be 13-,
giving thus 624 to 1, or a total leverage of 53 4 to 1 from the oper-
ating handle to the brake beamn  Two elements now have to be
assumed  First, the friction co-efficient of the brake shoes acting
upon clulled wheels. Second, the power upon the brake staff  The
writer has endeavored to cover both of these unknown quaatities by
actual expeniment, giving the results in the tables  Table 111 was
taken by a dynamo-aneter bemg fastened directly to the brake staff
handle i hine of the pull of the motorman, a cast iron brake wheel
16- diameter from centre to centre of a 14~ nm bearng the handle
A number of experienced motormen wetepvited to test their sirength
upon this handle and careful readings were tahen [t was noticed
that the nght arm of the more experienced motormen was much
more developed than the left, a fact which, 1 think, has been ponted
out befere  The extent of this development in the forearm is cer-

—— W l
" ° {
“.ZK
(£ 1] fald

tainly quite marhed, shuwing that the gnpping muscles
and weight of the body are the elements brought most

into play
Py TABLE 111

. 33 t LINCIRency .
No of Weiht of Gradualpalt otk MU Loth Linctiency. e
3 ".:.:\;‘r Moturman with oue h. whee! on hand wheel,
6 140 12 135 275
1] 200 135 275 385
i 287 145 235 312
62 175 125 212 285
123 153 125 245
(£ 185 150 200
26 170 150 275
a6 155 133 210
246 135 110 175
287 135 125 250
66 160 125 250
4° 176 10 200
266 185 17 250
Avg 1317 224 338 23

* 0 years in senvice
1 Circumference of forearm, 12§~

RRight arm . o hiceps. Hg.
Lef . . forearm, 113
it arm . . biceps, 133-

Columns 1 and 2 indicate respectirely the No of the
motorman and his weight .

Column 3 indicates the greatest possible steady pull with
the right band on the handle, brnnging into play all
possible’ weight of thelbody

Column 4 indicates the same condition as Column 3, the
motorman in this case grasping the hand wheel with both hands.
some motormen using gloves to prevent their hands slipping
None of the mencould maintain these values for more than 3 second

In Column 5 is indicated an ** emergency stop ”  The motormen

were told to "break the machine ™ if possible  In this test the
body was braced, sometimes with the knee agawnst the dasher rail,
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the needle registering the highest jerk usually given with a sudden
lunge of the body ’

It wall be seen that the power apphed by the steady pull of the
average motorman 1s about 1317, and can be made to run up in
case both hands and the weight of the body are used to about 224
average, but this value cannot be maintained.  The average values
of column 5 cannot be used in these calculations, for the reason that
although they show the pressures it is possible te reach jerhing
upon jthe hand wheel, these pressures cannot be maintaned, and
therefore cannot be depended ‘upon for braking effect  The tests
show that the full power that can be maintaned upon the brake

Fii. 10,

leverZforfafsufticient length of time for the purposes in hand does
not eaceed an average of 180 Ibs

TABLE 1V,
Speed, Revolutions

per mnute, 33° Brake pressure. Traction, Cocficient
wheel.
Varying, 150 900 Ibs 874 Ibs 9 7 per cent
125 o 97 102
100 . G498 111
8 - 118 132
56 . 133 148
38 . 150 4 166
20 o 154 171
4 . 174 6 194
Constant, 105 300 294 98
500 50 5 101
750 a1 12
100 1150 125 12
1500 178 12
2200 305 144
2 3780 488 132

Table IV was obtained as shown in Fig 4 A brake shoe that
had been run in service about three or four days was taken with
the asle carrying its co-operating wheel, lifted out of the truck and
placed between the centres of a lathe, the Joad upon the brake shoe
accurately measured, and the shoe held from movement around the
wheel by a dynamo-meter  Fvery precantion was taken to avoid
handhng the periphery of the wheel or the face of the brake shoe,
and even the dust was left upon 1t 50 as to conform as nearly as
possible to the normal conditions of practice  Tracing onr 180 1bs
application to the brake beam with allowance for loss by friction,
we have 3840 1bs applied to each of the two shoes, which upon the
chilled surfaces are found under ordinary circumstances by Table
IV to give a coefficient of about 12 per cent  This would give a
retarding cffect of 460 1bs, which is less than one-third that easily
obtainable were the power needful for its application at hand
The coefficient under these conditions would have been about 37
per cent to realize anything like the total value of the retarding
effect of the wheel This under conditions of clulled and glazed
surface is entirely out of the question, showing at once the necessity
of power in the application of brakes if anything like their full value
and use is to be obtained  This is also amply borne owt in prac-
tice, as those who have tested this point well hnow, that under
ordinary applications it is next to impossible to slip the wheels of
a motor car by the hand brake

In the clectric brake, on the other hand, the fact that the truck
parts are not bound up and locked into a solid mass by the enor.
mous pressures of the heavy break levers and shoes. is found to pre-
vent racking and straining the truck as well as jumping the track
and curves when the breakes are set The asles and truck parts
are perfectly free for easy and normal movement even when the
brake is cxerting its full power Great reduction of wear at the
pedestal journals is also found, owing to entire absence of ail of the
usual heavy pressures of the brake shoes We can all see that by
applying adequate power and control to the wheel brake. this ele-
ment of the equipment may be raised to the position of an indispen-
sable safeguard, the valuc of which can only be appreciated as its
hitherto undeveloped resources are brought out. demenstrated and
rendered simple and easy of application and control  In practice
the groatest necessity for maximum brake application exists at the
higher soeeds  From Table IV it will be noticed that just at this
point h: failure is greatest, the coefficient being least, increasing
as the speed decreases  This has always constituted the one grave
fault of the air brake in railway service  The intensity of its appli-
cation shouid be greatest when the speed is greatest, and decrease

as the speed drops ¢ff - As will be showa further on, this pomt has
been fully coversd in the electrie brake, winehois the st time that
the varving apphication has ever been embodied w puactiee, and
espeaally i such a manner as o petfonm s inportant tanction
automatically

A plan. especialiy one pertaimng to elecineal matters after having
been proven mathematie ally to be foastble s farfrom ! amg realized
Many are the practical dithcnlties to be surmounted betore a thotongh
commercial or any thing hhe a standard apparatus has been produced
Hsyccmll_\‘ s this truean the electaical teld  Mapy subtle intluences
and energies are at work winch well migh overwhelmy the evpert-
menter  In a new field but few precedents are at hand. and these
are apt to be extremely untehable and 10 the nature of a blind leader
of the bhad  The practical application of the electrie nake, al
though probably no exception to the general tule, amply dlustrates
the wide distance to be spanned between the conception of the wdea
and the commercial apparatosatself o vears the witer has be-
lieved that electricity was vastly preferable to any other foree for the
application and control of brakes  Working first on the solution of
the continnons brake problem for ralway trauns, he bult s fiest
electric brake apparatus i 82, and has studied and experimented
on the problem in its various phases almost contimuously since that
date, with more or lessencouragement m hne of substantial progress
As to its application to electric cars, the apparatus was succestully
applied on some double truck cars i Nhinuis, one of these cars
weighing as much as 12 tons  The first of this apparatus, siilar to
that shown in Fig 5, was constructed some five vears since This
apparatus has been constantly undergoing alterations and veen ey
wrimented with, until for the past aghteen months a constanthy
mcreasing number of electric cars, equipped with the electric brake
apparatus, have been in regular service, some of the ¢ cars runmng
with change of motormen on each of 13 datly trps, the same motor
man having the car once in about three days, makmg 1t impossible
for the men to become fanubiar with the operation of the brake
During this time one car has made upwards of T0.000 nules, hanling
a trailer about 48,000 miles, during some special weeks of tests
mithing from 178 to 220 miles diily 1t ix only under such ngorous
conditions of actual operation that rapid progress can be made in
reduction to practice Al machinery and apparatus must pass this
ordeal successfully before it can be brought inte thorough commer-
cial shape

At the mention of electric brakes, the engineer at once adiits that
they should be entirely feasible, and usially adds that there is plenty
of electrical energy at hand from the central station 10 retard and
control as well as propel the car  This, however. is not the method
undertahen by the writer  To employ the central station current
for operating the brakes would be to limit very matenally their use-
fulness and certainty of operation  The brahing current, although
used at com;imr:ui\'cly infrequent intervals, and then only for a shont
period, should, for this reason, be absolutely certain and unfailing
in its action, and not subject to any * heart fatlure™ of the central
station, or sudden cessation caunsed bv the opening of the circnit
breahers, the interruption of the hoe, the flying off of the trolley,
farlure of the fuse, or failure at other mote or less vulnerable points
The electric brahe under discussion has been operated over a year
on equipment upon different roads from electnieity generated per se,
being entirely independent of the trolley connection, the brakmg
current not being derived from the centrad station, but produced by
the power of the moving car, which power it 1s desired to et nd of
or destroy  The brahe thus operates equally well with the troley
off, and, as will be understood from the followng desenption, the
trolley current has nothing at all to do with the car while the brahe

is being operated, except possibly to mantain the hight arcuit The
clectric brake at the same time s entirely mdependent of the hand
brakes, which may or may not be present upon the equipnnent  The
braking action bemng altogether independent of the ordmary brake
shoes. it s nnt found necessary to emplov them w connection wath
the electnic brake, although in the earther foams they were used, and
n the case of trazl cars, espeaially an heavy service and on grades.,
some engineers prefer to use them at the present tine in contiection
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with apparatus such as shown in Fig 5 The current employed by
the wnter for operating the brakes 1s deseloped by automatically
turmng the motog or maotors to generatory As l?l("«: are driven
forward by the moving car they develop current which s controlled
as toantensity by the sarming theostat of the car The brakwg
current 1s thus produced at the sapense of the mechanical enenn
stored up i the movinge <ar, which, being consumed, causes a re-
tardation and final stopping of the mass as a whole  The current
80 generated may e };\rlhormnn- led through a brake magnet as
above seen, to apply the brake shoes at mav arrest the motion of
the car direct by magnetic adbesion or develop heavy retarding cur

rentsan the moving metalhic mass by magnetoanduction Whenan
active locad carcmt 1s used, the latter method is usually employved
for reasons which will be made more apparent

In developing this system the point which seemed fraught with
the most difficulty, and which has finally received the simplest
solution of anv m connection with the problem, was that of obtain-
g always and with absolute certainty sufficient current at the
lowest speads without the aid of the trolley current Teaser coils
were at antervabs resorted to, maintamng connection with the
trolley cireuit * Aruficial teasets were also used. bang a device
by means of which the trolley circnit was entirely done away with,
and which worked well  Observauons made from tume to tme in
conncction with these evpeniments led to an exhaustive investiga-
tion of restdual magnetism, in consequence of which structural
means were adopted to utthze to the full the restdual magnetism of
the motar  This supply 1s consantly bemg resewed wath every
enermang of the car - This method was found o be the simplest as
well as the most effectine The connections, and 10 fact the whale
arrangement of the electric brake upon thecar s evtremely simple
This is shown by the fact that only one small wire estra needs to be
ran  to the controller in additton to the ordinary wiring of the
standand cqupment withont the electric brake The
certamty of operation s evinced by the fact that at
the  present wnung over 150 of the equipments
have heen placed wineh are mahing upvards of
ten thousand mles daily in regular servace

b.arh an the expenimentation a phenomenon was
observed n reference to the persistence of the cur-
rent even after the motor had stopped  This is
due to the slow actien of the decreasing maganets-
rsation, taken together with the reaction or seld
mduction ettect of the fields and any brake conl or
coads that may be s the arcat The movement
of the magnetic ines which persists atter, and
tact long after. the motion of the maotor has ceased.
renerates p-‘u'nll.'ll In many anstances 1t s pose
able to draw an arc from the rupta-e of the brake
cuaant one second atter the motion has ceasd,
showing the presence of current i the local circunt
Ihagram by 6 has been developed fiom the aver-
age stop to show the curve of current in reference
to the motion, the black haes mdicatung the penad
of motion duning the apphcaton of the brake, and
the canve svhicating the <urrent antensty and s
duratiog  The current fowing after motion ceases,
thoteh small s found exceedinglyv useful in hold-
e the (ar from starung te move, eved on quite
a heavy wrade. as onhv a small quantity of energy
added te the adnady great fnction of Quiescence
will prevent the car from starting This persis-
teney of current s alse tound useful ta kil or
destrony the magnettsm of the brake magnet n
case at s desired o suddenly mosve the car
torward agamn The tendemy on the part of
the windings at the mment of Tuptare o Renerate an opposing
elin tro motne force tends tosaddeniy tree the magnet from s face,
A purely acosdental featute which s of great vadue and utihtvan
this connex iy The wonderful enerpy of the withdrawal of the
Naies f force Ieong s manitestation a phenomenon of magnetic
usconty as tlastrated by the followang face Wath a perfectiv drye
track a great toree s required to shear the adliesion and start the

wheels slipping A car going down a grade under these conditions
where no brake magnets are present, will, with a sudden nprhcmion
of the electric brake, generate suthcient current to not only arrest
the motiun of the wheels, but start them going in the opposite
dhrection, the revense motion bemy mamtained through an interval
truly remarhable, in some nstances runmng as high as 13 seconds,
It wall be borne i mind that all the above phepomena are entirely
independent of the central staton current, the trolley connection
having been severed before the brake is applied

The current required to be developed to stop a car when no other
breaking apparatus as used, s found to be only a fraction of that
required to accelerate the car 1o the same
interval — This may be easily allustrated
by the hnes in diagram figure 7, A being
the electrical energy applied in a given
acceleration, B the resulting mechanical
energy stored in the car aflter deducting
all wastes in the motor and between the
motor and the momentum ., C the average
mechanical energy in the car at the time
of applying the brake, ) being the electri-
cal energy required to e developed for
retardation after the efficiency Josses have
all been provided for out of the quantity
C  Thus it will be seen that the so-called
efficiency losses act in a two-fold sense, he.
tween A and B and between C and D, to
reduce the amount of current required to
be generated for brahing purposes

As to the effect of the electric brake on
the total temperature of the motor, the
following experiments were made A car
and trailer were operated over the line in
regular service 41 1 miles without the brake
The temperature of the atmosphere was
noted every half hour during the test, and
the temperature carefully taken of all parts
of the motor at the end of the run  The
succeeding day asimilar run was made with
the same trailer over the sametrach and in
the same length of time, but with the clec-
tric brake in use, braking direct on the sim-
plelocal circuit without brake magnets The
difference in the average atmospheric temperatur=s during the two
days was 63 degrees, and the difference inthe average temperature
of the motor parts was 7 degrees, making only a difference of one-
half of one degree Centigrade as the total increase ol temperature
from the use of the brake  Observations in reference to the heat in
the rheostat were made, although no temperatures were tahen, and
no difference could be observed in reference to the heating of this
portion of the equipment  The eaplanation will be found in the
comparatively small amount of current as seen above, and the rela.
tive infrequency of its application and short duration at the tune of
each apphcation  The followmng wattmeter readings have also
been taken

Ist trip 2nd trip, trailer

Reading of wattmeter, leaving Lake
View
Reading of wattmeter, end of round

13 2 L A

cene ceese HO20389 392,542 25

392,542 25 392,547 1

Number of full stops ... 55 53
Number of slow-ups ... oLl 42 37
Tune ... L0 0 el 140 135
Ihflerence in reading voooveen 335 145

FiG, 13.

Constant of wattmeter equals ** 22, total watts both trips,[180 4

Inagram No Rindicates the connection of the wattmeter in the
circunt

Automatic resistances were even at one time used in the endeavor
1o rehieve the motorman of all responsibahity in connection with the
cantrol :n appiyving the brake, but superlative simplicity was found
to be much more desirable than the superlatively automatic, and
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the automatic devices were seen to be entirely unnecessary, the
APPAratus as at present constructed being of preat simplicity

The diaram of the braking current in Figz 6 shows the automatic
decrease in the intensity of the brake application so desirable with
the decreasing speed referred to above — As the speed decreases the
gLenerator runs more slowly and consequently produces less and Jess
current

With this style of brake the hfe of the wheels s increased from
two to three-fold, thus affording a saving in the item nest i cost to
the clectric mamtenance itself, to sav nothing of the entire saving
in brake shoes  This is emphasized by the fact that the brake shoes
are being constantly besmeared with sand and grit throwa from the
wheels, and when in this condition, they are brought against the
wheels with the tremendons pressures noted above A better method
could hardly be devised for reducing both wheel and shoe  We
hittle realize the great number of brake applications necessarv an a
day's run  Careful record has heen hept of this point, giving i
three days an average of 1377 brake applicatons for & run of about
164 nules

Another interesting feature in this connection is that a flat wheel
from skidding is an impossibilty 1t will readily be seen that should
the wheels stop, the generator connected with the asles ceases to
yraduce current, and none therefore exists to farther apply the
srahe, and though they may be sliding forward on the rail, yet the
wheels contimne to rotate more or less and constantly present new
surfaces for the stiding contact .

The brak.ag action 1s two-fold and is especially efficient  The
rotating armature of the motor, instead of tugging ahead by its

16, 14.

momentam, is itself pulling back and more or less powerfully brak-
ing the car through the gears by the retarding effort of t!lc magnet-
ism of its fickd while generatung the braking current The power
required therefore to perform this work 1s taken from energy of the
moving car which it is desired to destroy . not only 1s the car thuas
retarded, but the clectric hrakes arrest the motion of the wheels
direct with a force that is remarkably powerful and under perfect
control of the motorman .

Two farms of braking magnets are used, one for winding up a
brake chain usually employed in connection with the trasler. shown
in Fig. 5, and another for directly arresting the motion of the axles,
one magnet only being used in connection with each axle, as shown
in Figs 9, 10 and 11 These magnets are truch mounted, not an
ounce of their weight being directly on the axle, and are sosupporc-
ed that their gravity acts to automatically retract them away from
the braking face. séc Figs 11 and 12, the latter showing the hnk
standing out of the vertical  The brake face 15 automaucally lubri-
cated to a slight degree, reccives a high pohish, and does not cut or
rapidly wear  The brake is noiseless i ats operation It will be
seen from the cats that inasmuch as it does not revolie no commu-
wting or contact device isnecessary  [1s crescent form accomplishes
important technical functions and also elimmates the necesaty of
walling off & wheel for its attactnent, removal or in\'wc.twn The

rake is shown 1n position on truck’in Fig 13 11s face is solid un
broken metal, withno"grooves or interstices for catching grit or sand,

which in part esplams the absence of wear above teferred to - The
brake magnet 1s practicalhy imdestriactible, @ tew tams of stout wipe
constitatang 1its one coll enttrely enclosed and sealed i metal. No
harm nor moistite an reach it As to mosture, s gomatenal,
as the electromotne force at which 1t woths as extiemely small,
seldom reaching six volts The lubnicator for the ake w div, not
stichy or adheswve, and does not gather sand or dit and retun it
upon the braking face  No mechameal pressures whatever are em-
ployed to arrest the car, and hence no strain or shonhler wear comes
upon the journals  In consttucting the brake magnets thewr propor-

Fic, 15,

tions and the arrangement of the magnetic Gremts recened consid-
erable study It was during some prehmmary experiments that an
unerpected phenomenon was noticed, namely, that the retarding
effect when speed is an element, v very much mare than would have
breen espected from the cocthioient of friction due to magnene
attraction or adhesion, this Jatter being a known and defimte quan.
tity  Farther eaperiment, made to ascertan the cause, showedat to
be due to Foucault or Fddy curents set up wm the masses The
conditions and structure of the brahe magnet were therefore vared
in a number of particulars, espeaally such as would be expected to
give the greatest result in Foucault carrents produced  The resalt
was immedintely successful - It was found that the retarding eflecy
of the brake magnet i due very much more to the generation of

i, 16,

these currents than to the direct eflect of the coethaient of friction
resulting from direct magnetic adhesion, the amount of which 1 find
can be relied upon accurately when cmplosed by atsell Some of
the forms of brake magnets experimented with were provided wath
numerons poles of opposite polanite which were worked upon
three different hinds of ammatare two of which had sadial teeth of
different number relative o those 1 the magnet andd ane beang o
plain disk armatare  The toothed armature whitle st causes aseries
of sudden jerks and 15 also unsausfactory an the total retardaton
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resulting from a given input, is found also upon rupture of the mag-
netic circuit to impart to the magnet coill certain counter electro-
motive-forces which matenally cut down the current supply and
thus the capacity of the device A magnet formed of a continnous
disk with an annular groose sunh in its face, is found to give very
satisfactory results, but s much heavier and requires an armature
twice as heavy for a gaven number of Iines than the double crcnit
magnet shown i the figures  Furthermore, the relative rotation
between such a magnet and its armature affords no pont in the
masses where the hnes are interrupted or changed, and the Foucault
currents, or reactionary effect set up, is very much inferior to those
in a magnet where a gap or cessation of magnetic stress 19 casly
produced  As a result of these investigations the crescent form
shown in the figures has been adopted, the opeming in the crescent
giving the effect referred to, as well as affording an excellent method
of attachment and removal of the brake magnet, and at the same
tme supplying a gap for easily reaching the face for inspection and
lubnication A lubricator. see Figs 9 and 10 is shown as occupying
this space  The belief that the extra retarding phenomenon is
that of Foucault or other eddy currents, 18 borne out by the fact
that a conducting lubricant, such as graphute. is found to consider-
ably increase the effect, also metal filling between the polar faces is
almost indispensable for the best results, while at the same time
eflectually protecting the coil from all damage  These observations
would seem to indicate that the eddy currents, however produced,
circulate in both masses near the surface and traverse back and
forth acrass the air gap whenever ample provision is made to allow
them so to do  The practical value of the combined action of all
these forces in increasing the retarding effect results in necessitating
but a small magnet and a smaller current expenditure considering
the work performed

TABLE V.

A
Pull due to magnetic ad-

( " AL
Pull on brahe chaln
ined

-ter \ ice il
Amperes. Vol e toks Graphie hibrication.
3 1 76 lbs, 125 1bs
i 18 183 300
95 19 36 4 608
15 3 121 1976
16 32 149 2432
20 4 168 4 2584
23 46 167 2736
2B 5 186 3040
31 G2 207 3385
an 7 213 3490
3556 73 214 3500
41 8d 223 3650

The assumed values are based on a traction of 28 26 tbs. per square
inch for 45,000 hines per square inch, bemng the assumed values at
the hnee of the curve easily recogmized as occurnng between 16 and
20 amperes in the table )

By reference to Table V' the result in retardation gained thrquﬁh
the eddy or other currents may be plainly seen, column A " indi-
cating the retarding effect which should be expected from a friction

FiG. 17,

cocflicient of 109, between the lubricated surfaces due to magnetic
traction of the lines actually circulating: and column * B* indi-
cating the values of retardation actuilly obtained on the dynamo-
mcter

That the important position and trying circumstances under
which the motorman often labors are appreciated, may be seen by
the space devoted to it in the daily press  An editorial in an even-
ing paper reads thus

*One trembles to think what consequences may follow if a
motorman gets rattled or has a fainting fit when trying to wind up
his hand brake in time  Muscles grow weary and relax at a ciitical
time Even when a man s in fine working condition, the strain
apon him 15 severe when compelled to handle the grip lever or
current controller and hand brale simultaneously **

As to the arrangement for application and control of the brake
by the motorman, about a year ago the following appeared from the
hand of the wnter

* Cansdering the inesperience of the operator and the responsi-
bty which at ttmes well migh overwhelms him, 1 think that, as
engineers, we should be willing to sct a very high mark to be

attained in the ideal brake for electric street railway service,
namely, the use of but a single controlling handle for cverything
starting, accelerating, retarding and braking, the trailer or trailers
andall  let the motorman have nothing to think of except one
handle, and two-thurds of the accidents now occurring will be pre-
vented Let this handle require no more exertion in its operation
than the present controlling handle  Let the motorman fulfil his
function with as little physical exertion as possible, he will then
have « greater reserve for mental application when necessary A
motorman required to exert an cnormous amount of brute force,
constantly grinding at the brake, has but little left to apply in case
of emergency | agree with a prominent writer on this subject,
where he says that a multiplicity of handles is fatal in time of
emergency

At the time the above was written, equipments controlled as
therein set forth, namely, by the use of a swgle controlling handle
for everytlung, had been in operation for upwards of a year The
methods employed for accompu. thing this Lave been varied, but the
form most in use at the present time is that shown in Fig 14, where
the resistance contacts are employed in a two-fold manner, the
controller handle is made to operate back and forth over the same
contacts for controlling both the application of the current to the
motor and braking the car A self-correcting and interlocking
device is also provided, shown at A A, Fig. 15, so if the motor-
man does not throw the handle clear over, the transformation is
completed automatically before the movement of the lever can
reach the operating contacts.

At one point, where a number of equipments were started last
summer, a newspaper correspondent described the operation of the
brake as follows: *

** The connecting beam was taken from the trolley wire several
times, and the car brought-to a sudden stop with the electric brake
alone, within three<quarters of a car length. And it was not a
sharp, jerky stop, but something as if the car had run into a big
feather tick "

The smoothness of even a sudden stop by the electric brake is

uite aptly described by this droll statement. It scems as though
the car was running into an air cushion.

It will thus be seen that the brake is automatic and does its work
without any special act or even the knowledge of the motorman.
He simply ** works a single handle ** back and forth, and clectricity
 does the rest.””  Suppose the motorman wishes to stop his car, he
turns off the current by simply swinging the lever over to the
right  This operation is made to automatically convert the motor
into a special dynamo for generating currents at very low speeds,
and also simultaneously to cut off all connection with the trolley
current. The brakes are then applied by simply swinging the
handle back over the path it has just traversed: the farther it is
swung to the left the stronger the brakes are applied. The act of
releasing or letting off the brakes again automatically re-establishes
connection with the trolley and re-converts the dynamo into a
motor. Fig 16 shows the switches used in part for the conversion
of the motor, and also the finger “F' mounted upon the lever
forming a part of the alternate stroke operating device. The
trolley brake-switch < B* is shown open in Fig. 15, and closed, with
dimensions, in Fig. 17. The same rheostat and contacts are em-
ployed to control the motor while running the car and also to con-
trol the slight amount of current generated by the transformed
dynamo which is suflicient to brake the train.

The motorman cannot turn on the current before the brakes have
been released, nor can he apply the brakes before the current has
been turned off.  This is a result of construction, and constitutes a
feature of merit in the new electric brake, effecting an economy in
current and a saving in wear and tear. Freeing the conductor
of all care in this connection, and leaving the running and especi-
ally the braking of the train, including trailer or trailers and all,
solely in the hands of the motorman—by placing at his command a
power with which he may with the utmost ease accomplish his
task—constitutes an important advance In the art of control of
clectric railway equipment

It has been found that the electric brake is practically incapable
of abuse by the motorman—an advantage which never before has
been attained in any power brake—from the fact above named,
that no amount of over-application can cause flattening of the
wheels or any harm whatever to any part of the equipment through
locking and skidding of the wheels.

The application of the brake, its regulation and also the runming
of the car, all by a single operating handle, is a result that has only
been accomplished by the severest application It has involved
much pioneer work and been rendered possible through the use of
new mechanical movements original with the writer. The principal
moving parts are simple and durable, being only two in number.
The arrangement may be easily seen in the controller and parts
exhibited, as well as in Figs. 15, 16 and 17. The various portions
of the controller have been subjected to the severest tests possible,
one test made in 1893 consisting in 518,700 consecutive brake appli-
cations without appreciable wear, the garts being in regular service
at the present time,  An indicator at the right side of thecontroller
at the top (sec I, Figs. 14 and 15) shows when the controller is in
condition for brake or is being so used.

Uperating the brake in this manner, it will at once be seen that
the system 1s one of the utmost certainty of operation, surer even
than the hand brake, air or other power brake, from the fact that
cvery time the car runs, the motor, which is depended on for the
braking action, receives a test, and its fitness and capacity for the
next brake application is constantly being demonstrated. On the
uther hand, ch motorman never knows whether his hand brake is
sure to operate when called upon for the next application. An
accident came under the observation of the writer on Case avenue
hill in Cleveland. Here the last hand brake application was suc-
cessful in every way, but before the brake was called into action
again a nut dropped off from x brake rod upon the truck, rendering
the brale useless  The motorman continued to wind on his brake
staff, and before he realized what the trouble was, his car was going
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at a tremendons speed into a short curve at the foot of the ll
There were a number of éasualties and also siv demands for damages
as aresult  Wiath the air or other power brake this habihity to fail-
ure 1s icreased i direct proportion to the complexaty and number
of parts

The adhvantages found to result from the practical use of the
electric brake, as comparad with furmer brahe systems, ats quahties
as an acendent preventer, as well as ats general commeraal value,
may be recapitnlated as follows

I The certainty of ats operation

2 The enormons power at instant canmand and under petfect
control

3 Theabsence of all power absorption at moneyed cost from the
central station

4 1ts hagh efhciency, beiny lar supenor tocompressedarr amplhy
proven in numberless instances where electricity has replaced air
(The air requires a direct application of energy, amounting to an
immense agpregate power-absorption  during  the day from the
central station, the worknag parts of the air machinery are attached
to the car anle  and require a large quantity of energy, not only
while compressing but at other times as well )

5 Its extreme simplicity

G Observed <aving in wheels two to three fold

T Enure saving in brake shoes

® Lubrication of brake face, practically no wear -cither wheel
or magnet !

9 Absolute silence of operation and release  (No hissing to
frighten horses on streets )

10 The low clectro-motive force at which 1t operates

11 The case of its application and control

12 Conserving strength and prolonging the usefuluess and hife of
the motormen

13 The smoothness of its operation

14 Cannot cause flat wheels

MUNICIPAL ELECTRIC LIGHT NG.
By K. CArL BrREITHAUPT,

The question of how industries that are to a greater or
lesser degree carried on for the accommodation and benefit of
the general public, can be conducted to thebest advantage, has
always been one of national econotuic import, and the idea that
they shou'd be owned and operated by the public body cor-
potate is not altogether a new one.

The principle is enunciated by econonusts that industries of
this nature, such as transportation, the transmission of intelli-
gence, the supply of water, and of aruficial hght, are monopolies
inherently and essentially ; they are therefore classed as natural
monopolies. All of these industries are primanly under the
control of the State, and for this reasan, it 1s claimed, they shoutd
be owned and operated by the Government.

The advantages damned for such ownership are that the work
would be mwure economically performed, the margin of profit
which «a private company dernes from the business being saved
to the public treasury, and that the service rendered would be
a more cificient one.  Morcover, 1t is held, that private owner-
ship of these industries encourages corruption, particularly
among legislative bodies, and that under government ownership
this would be done away with. To the public mind the word
monopoly conveys the idea of an autocratic power which leads
to abuse of privileges and advantages enjoyed, and consequent
abnormal returns on capual invested.  Prof. Richard T. Ely, of
the University of Wisconsin, holds that private monopoly is a
menace to the public, and that men are not good enough to be
entrusted with such a despousin as that which monopoly confers.

1t 1s the purpose of this paper to consider the question of gov-
ernment ownership of natural monopohes only i s0 far as it
concerns works for the supply of artificial light, and particularly
such as is wholly for the public use, viz, the hghting of streets
and public buildings.

It is proposed that these works be owned and operated by the
Municipal Corporation. and muny cities and towns have been
considering the advisability of the plan.  The question has been
hotly argued on both sides, and it is to be regretted that these
discussions are not .lways conducted in a farr-minded, hberal
manner  Arguments advanced by men nterested in private
hghting companies are denounced by their opponents as pre-
judiced opinions ; the cry of ** Monopolist ™ is raised to enlist
public favor on the side of municipal ownership, and the same
offence is thus committed as is charged. 1t is but natural that
persons having capital invested in any particular enterprise
shouid strive to protect their investments, especially in a case of
s0 serious a naturce where the threatened danger means inevitable
destruction. On the other hand there is much to show that the
arguments put forth by the advocates of municipal ownership
are not always inspired by pure and unsclfish motives.  If these
discussions are to accomphish any good the opinions advanced
by cither side must be honest and unbiassed, and above all the
facts and figures cited must be truthful, for the outcome of the
case really hinges thereon.

The burden of proof lies with the advocates of municipal
ownership, and the arguments in favor of their claim are identi-
cal with those of the complete scheme of government ownership.

Can a Municipal Corporation performits own lighting service
cheaper than a private company can supply it?  Figures are
given showing the cost of the service where the plant 1s owned
and operated by the municipality, and estimates are made on
the cost of building and operating proposed plants, nearly all of
which are so surprisingly low that they must at once arouse

suspicion in the minds of thoughtful men.  Accotding to these
reports the cost of public hghting, whete it s done by the muni-
apality, averages about one-half of the price usually paud to pu-
vate companies.  One town m Hhnois having 120 electrie lamps
on its streets, even reports that these cost nothing, that the ex-
penses of operating are all pad by the profit recened from
commercial ighting. It is a signtficant fact, however, that these
figures 1arely represent the actual total cost. Theie s a ten-
dency on the pait of the advocates of muntcipal ownerstup to
underestimate or entirely ignore any items which are not cash
actually paid out, such as depreciation m value of plant due to
wear and tear, and to the fact that new and improved appatatus
and methods are constantly cominy into use interest on acpital
mvested, insurance, taxes, and i some cases water supply. The
town treasurer’s statement of expenditares incurred m operation
is often the only outlay considered, and even this may be weom-
plete since municipal authorities do not always andlyze accounts
50 as to show a full statement for each department.  Insurance
and similar expenses may be debuted o separate ledger accounts
and not appear at all in the statement of a parucular depart-
wment.  Other items are charged to the department where they
belong, but under the wrong heading.  As a case in pount, we
may cite the financial statement of Toronto Juncuon for 1893,
Under receipts and chsbursements awthonzed by by-laws for
issuing debentures on account of clectnic ight construction, we
we find an item for rebuilding engme bed of $162.93.  This was
a repair and praperly belongs to maintenance.
Now, it is plainly unfair to compare such figures with those
aid to private companies and say that a municipahity operating
its own plant saves the difierence.  To compare results intelli-
gently we must agree on a basis of companson. I the price
paid a private company is remunerative to thew, it includes de-
preciation, interest, insurance and taxes, and we must therefore
debit amunicipal plant therewith,  The municipality may for a
number of yeirs persuade itself to believe that these expenses
are imaginary, but it must meet them ‘n the end, and no matter
to which account they ave charged they are incurred by the
lighting plant

Mr. M. J. Francisco, now president of the National Electric
Light Association, last year publisl =d a large amount of data on
the cost of street lighting, which is of interest in this connection.
He pives figures from municipal plants scattered over nearly
the whole territory of the United States, and computes the cost
per lamip, adding mterest depreciation, insurance aad tazes ; he
states that the onginal reports signed by the rity officials are on
file and opentainspection by any person whomiy desire to test
the accuracy of his figures. "The most economical station ciied
is Marshalltown, lowa, where 64 lamps of 1,200 nomindl «.p. are
hghted 300 nights each year until 12 o’'dack, at a cust of $31.87
per lamp.  The plant is run in conncction with the water works
and the cost of coal and labor is divided between the two de
partments.  Of these 76 plants ouly ten show a cost ofless than
$80.00 per lamp per annum ; fis e of them using 2,000 c.p. lamps
until nudnight ; one, 2.000 c.p. unps until 2 o'clock a.m., and
four using 1,200 c.p. lamps.  The average price pad is $116.46
per lawmp perannum and 5 6 1o cents per lamp per hour. Com-
pare these figures with Canadian contract prices  In statistics
compiled by the Citizens’ Telephone and Electric Light Com
pany, Lv'd,of Rat Partage, Ont., and published last miunth, we
tind cleven towns and cities reported where a 2,000 ¢.p. a0 hght
is furnished until midnight at prices ranging from $45c0 to
380 00, twelve towns and cities where a 2,000 c.p. light 15 fur-
nished all night at prices ranging from $65.50 t0 3i102.00. but
only oue of these, viz,, Winnipeg, exceeds in price the average
cost of $116 46, for municipal plants as above stated. In the
town of Arnprior a 1,000 c¢.p. light 1s furmished urul tdnight
for $54 75. the motive power being water and steam, while n
Berlin the same light is furnished for $45.00.

In a report to the Committee on Works by City Engineer
Keating, of Toronto, dated May, 1844, Mr. Keaunyg ndudes a
table which he compiled fiom reports diredtly receved, show-
ing cost per annum for street lamps where the hightng 15 done
by the municipalities.

LAM. S, COST PLR ANNUM
NAME OF CITY N uinber C,.\udh- Asgven by Asiven by
) Power *ir Rheatung Mr 1rancisco.
Savannah, Mo .... 25 1,200 $25 oo $150 o0
Danville, Va ... 90 1 200 44 ©O 53 G0
Ashtabula, O. ....! 70 o000 Q0 o0 1] Ng
Bay City. Mich ..! 181 rooo 49 00 G2 63
Aurora, Il ..... 119 2,000 0N 00 117 43
Hannibal, Mo ...[ 120 2.c00 65 00 113 37
Ypsilanu, Mich .. S8 o000 31 07 97 73
West Troy, NY ... 103 2000 70 00 114 67
Easton, Pa ...... 113 2,000 77 45 147 22
Bloomington, 11} ..} 225 2000 61 00 122 55
Lewiston, Me 100 2,000 43 o0 87 30
Topeka, Kan ..., 184 2,000 03 oo 1209 00
Bangor, Me ...... l 156 2000 45 00 a1 30
Jamestown, N Y .. 150 1,20 50 00 ) 24
Chicago, NL......1 1112 2000 0 by 193 S
{8 33!
Allegheny, Pa ....0 519 2000 ‘;: (’x'“ ) 9215

tInctudes interest and depreciation
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Mr. Keating states there may be a difficulty,in such cases in
arriving at absolutely correct figures, and that an allowance
should be made for interest and depreciation in order to arrive
at a fair companison. The figures he gives are so materially
lower than those of Mr. Francisco that we can nfer they do uot
include this allowance. I therefore reproduce them side by side
in the above table to show the difference m results obtained by
the two methods of computauon, and the unrehability of muni-
cipal reports.

The other data given do not agree i all cases. Mr Keat-
ing's table contains some evident errors : e, r., for Savannah,
Mo, he gives the total operating expenses as gz,soo.oo, making
a cost of $100 00, instead of $25.00 per lamp.

Again, Mr. Keating’s cstimate of running expenses 15 alto-
gether too low, especially in the amount it includes for labor.
The Secretary of the Fire Department estimates the annual cost
per lamp for 1,300 lamps at $103.85, while the price at present

aid for about 1,000 lamps is $108.58. leaving a difference of
g4.73 pet lamp in favor of the cty. This is certainly a small
margin to warrant an investment of $310,000, particularly as it
is only an estimated margin.

‘The city of Philadelphia lately had under consideration the
advisability of doing its own lighting.  Chief Walker, of the
Electrical Bureau, estimated the cost of 2,000 c.p. lights at 23
to 25 cents per night, but the Committee of Council afier an
investgation 1n which they took evidence from all available
sources, figured the costas about 43 cents and recommended the
council to abandon the plan.

In Topeka, Kansas, the work of street lighting has been done
by the corporation for some time and the plant has been under
the superintendency of careful, competent men. The City En-
gmeer has comptled very complete returns covering a period of
38 months, according 10 which the average cost per lamp per
annum 1s $93, not including depreciation, taxes and water. It
15 aduntted that the plant 1s not proving satisfactory and that
the local companies would furnish the same light at a cost of
20'% to 30% less.

The Town of Seaforth, which untl lately supplied its own
light, reported in 1892 that they were satisfied the light could
not be run as sausfactorily or as economically by the cor-
boration as by a private company, though it was operated in
connection with the water works. Now they report that they
have just sold out to a private firm.

The Electrical Engineer, an independent sectrical journal,
has just published the results of an investigation made under its
auspices on the cost of mumcipal lighting.  In commenting
thereon the editor remarks that “in no respect do these figures
justify the statements that have been made as to the superior
economy of municipal plants.”

Can a municipal corporation perform its lighting service more
efficiently than a private company can? A successful manager
of a central stauon for the supply of gas or electricity must
possess no small amount of general enpinecring ability, He
must have a technical knowledge of gas and electric matters as
well as n thorough acquaintance with all the details of the plant
under his charge.  All this requires years of special training and
experience. A municipal plant is managed by a committee of
the council. When the size of the plant warrants it, a superin-
tendent 1s apponted, otherwise the clerk or other town official,
ar the chairman of the conunittee has it 1n charge. In either
case it is under the jurisdiction of the committee, abody of men
who hold office for only one year, and who, while they are prob-
ably well versed 1n their own private business, usually have no
knowledge of gas or electric ight matters. 1s 1t reasonable to sup-
posethat abusiness willbebetterconducted sothan underthe man-
agement of men who devote their whole ime and energy thereto.

Among the answers received by the wniter w reply to enquir-
ies regarding mumctpal plants, one states : “ The greatest draw-
back to the town owning the plant has been too many bosses ;"
another quoted by the Zlectrical Engineer complains that
everybody tries to run the plant and says : *“The mayar and
commuttee, with the assistance of a leather-headed clerk, all dic-
tate what shall be done and where supphes shail be bought ” Truly
the lot of 2 mumicipal supenntendent seems a hard one. The
same writer says further, * with eight years experience, 1 would
advise all towns to lure their hght, whichis by fgr the cheapest.”

The question of economy and efficiency are interdependent.
The managing committee of a municipal plant lacks the motive
to effort, the incentive to economical operation and to close per-
sonal attention that a man finds in his own private business.
Would you risk an investment in any industry under the man-
agement of a committee of a municipal council > If not, then
why risk under such management an investment of funds which
you must help to supply and in the expenditure of which syou
have therefore a personal interest at stake ?

As to the clains regarding corruption :

The opportunities for corruption connection with contracts be-
tween municipal corporations and private companies for the
supply of light are very lmited ; morcover the prices paid for
street lighting in Ontario are not near high enough to sustam a
corruption fund.

In municipal ownership, on the other hand, there 152 great
temptation to crookedness.  Mr. Francisco quotes an article
from the Forum that of the members of a typical aity councit
one third will vote as they think, regardless ot advantages, the
votes of another third are merchandise pure and simple, and

the remaining third are debatable men. This characterization
may be somewhat severe ; let us hope it is, but there are usually
some men in a council who are not above accepting a bribe, and
these always endeavor to get themselves appointed on commit-
tees having in charge the management cf public works. The
opportunities for dishonesty are apparcat.  Besides this there is
invariably some preference showa in appointments to office. Mr.
Francisco quotes an interview with an official of the Chicago
municipal plant in which this gentleman complains that men in
his department were turned oft’ without cause to make room for
favorites, and that there was * no possible way to get on the ser-
vice without a political pull.”

‘There are other additional arguments against municipal own-
ership of lighting plants. The function of a government is to
regulate and control and to encourage enterprise on the part of
its citizens b?' extending a protecting hand over the industries
they establish, When a number of citizens band together, there-
fore, to carry on a business which is at best an uncertain one,
onc in which their works and plant are liable to serious injury
from various causes, and in which they are not free to trade
where and with whom they choose, but are restricted to locali-
ties, a_business which confers a benefi to the cc ity and
which is already more or less subject to_municipal and legisla-
tive control, then it is obviously unjust for the municipality to
establish and operate a plant in oppusition to that of the private
company. If a municipal corporation decide to enter into a
field of commercial enterprise in which some of its citizens are
already engaged, it is only simple justice that it shall offer to
take over their works and plant at a fair and equitable price.

Again, the wisdom of a wmunicipality engaging in a commer-
cial enterprise may be questioned, indeed it 15 2 grave question
whether the corporation has the moral right to risk the money
of its citizens in an undertaking which is attended wih such
hazards, and in which the advantages to be gamed are in any
event small and uncertain.

Many cities and towns have been persuaded by incomplete
reports and alluring estimates to undertake the expenment, but
it still remains to be proven that a municipal plant can supply a
cheaper light than a private company In towns which are not
arge enough to make the business remunerative the mstallation
lof a plant by the corporation may be justified because street
lighting is a public necessity, but where private plants already
exist that are able and willing to supply the munic:g:\lny ata
fair price, the outlay cannot he regarded otherwise than as an
unnecessary expenditure and a waste of public money.

—

DUPLEX TELEPHONY.
By T. R. RosebruGH.

IN considering this question I propose to do so with reference
only to the principles involved, the question of priority of inven-
tion of any of these being left untouched.

The name “‘duplex telephony though not altoyether exact as
adescription of the methods 1o which I intend to refer in this
paper is nevertheless very near to the meaning.

It will be as well to consider at the outset how the telephone
prablem differs from that of the telegraph, for one might natur-
ally suppose that the known nethods of duplesing telegraphic
transmission would be available for the telephone.  Actually
there is little in common.

The electrical impulses which are used in telegraphy are of
definite and predetermined character as to polarity and strength
of current while they last, and differ only in their duration and
grouping in time, while those of telephony are, of comse, from
the point of view of the electrician, entirely uncontrollable.
Besides this in telegraphy, at the receiving end the only informa-
tian reatly given by the sounder, is the interval during which its
corresponding key 1t the transmitting end was raised or depres-
sed, and this s sufficient ; whereas at the receiving station the
waves of telephione current must be received in very nearly their
onginal form. This means then of increasing the working capa-
city of telephone lines is not available, while in ordinary practice
in felegraphy, the distinction between change of polarity and in-
crease of current, doubles the capacity of the line. In the
second place in any system of transmission, telegraphic or tele-
phonic, it is possible so to arrange the circuit that a receiving
instrument is shielded -fiom the effect of the transmitter at the
same station while responding to that at the distant end. This
may be done 1 several ways, the “ bridge ” method being most
usual ; in this method the two wires which enter the station, or
the wire and the earth conductor, are connected as though their
resistance was _to be measured in the usual way, the receiving
instrument taking the place of the galvanometer, so that when
properly balanced it only responds to the transmitter at the dis-
tant end.  Three reasons prevent this method from being useful
for telephonic purposes : a satisfactory balance would be inore
difficult 10 obtain owing to the capacity and self-induction of the
line, and sclf-induction in the instruments at the other cnd ; be-
sides this only  fraction of the current would be c¢mployed use-
fully ; and probably more important than either of these, is the
fact that while the telegraph may be used for the continuous
transmission of messages in one direction, the telephone is
intended esscatially for conversation, so thit even ifa pair_of
simultaneous transmissions in opposite directions over a line
wer}(‘: established, a single conversation would demand the use of
both.
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‘The third difference consists in the well known fact that on
account of the sensitiveness of the telephone the circuit in
which it is placed must be as nearly neutral as possible to out-
side influences both electrostatic and electromagnetic, as well as
to the direct action of differences of carth potential ; and this
can only be done by a return metallic conductor traversing
practically the same path as the first.

For these reasons then, 1t happens that given a single metallic
concdluctor extending between two distant points, with access to
an earth connection at both points, used as a telegraph circuit in
the ordinary way, fourmessagesmay be transmitted simultancous-
ly, yet the same conductor will only suffice for a single conver-
sation in @ very uasatisfactory way.

Since two wiies are necessary for the proper transmission of
one messagce by telephone it nught hastily be assumed that this
is a ronstant ratio, that is that the conductors must always be
twice as many as the number of messages that are to be trans-
mitted simultanecously. The fact is, that it is the ditference and
not the ratio which is constant.  ‘There is no doubt for example,
that if it were necessary, ten messages could be transmitted
simultancously by eleven conductors without interference,
although in that caseit is exceedingly doubtful whether the
complexity of the system would not preclude its use.

The most natural way of proceeding toincrease the transmitting
capacity of telephone conductotsis to regard the already existing
two wire metallic circuits as the units out of which to constiuct me-
tallic circuits of a higher order, which [ will term derived circuits.

It isnecessary then that two points be obtained on a two wire
metallic circut, satisfying the condition, firstly, that no difference
of potential be produced between them by the action of the
transinitters already in that circut, and secondly, that no effect
be produced in the receivers of the  cuit by the entrance and
exit of current at thesc two points  Lue first condition may be
satisfied in two ways according to the arrangement of the
mstruments already in circnt,  If mtermediate transuntting
instruments e to be in series thev must be dinided into two
similar parts, one in each hne as i Fig. 1are D and E, two
secondary coils of transnutter T1, arranged so as to contnbate at
cach instant clectromotine forces equal and in the same sense
with regard to the metallic circuit, and therefore w opposite
directions wih regard to the line.

If the two sides of the metallic circuit have the same resis-
tance it will be seen that no difference of potenual can be pro-
duced between the points where the two lines umte, as m Fig.

Fig.t

1 at P1, and the corresponcing pomt at the other end of the line.
If, however, the transmitting nstruments are only at the ter-
winals or are bridged across between the 1wo sides at inter-
mediate stations, as i Fig. 2, no such modification 1w their
structure 15 necessary, for their action cannot produce any
difference of potential between pomts which are at the nuddle
of any bridges between the lines.

It 1s not true, as might at first be supposed, that every bnidge
has a middle point, for such a point must divide both the resis-
tance of the bridge, and 1ts inductance. if there be any, into two
equal parts, and there will not in every case be such a pout.  In
the case of a secondary of a repeating coil 1t will be necessary
also that the two parts have equal mutual inductance with regard
to the prima.y before the pomt between the two coils satisfies
the condition of having the mean potential at every instant.

Since in any case the cunents troduced on the lines of the
two wire metallic circuit must divide equally and flow parallel
to one another in the same direction, we find the condition that
the receiving instruments of the original metallic circuit should
not be disturbed by such currents to be, cither that the curreats
should not flow through the coils at all—which may be attained
by bridging them between opposite points on the two lines, or,
if the introduced current on one line flows through a coil of the
receiving instrument, then that on the other line must flow
through a coil in the opposite direction, which is just capable
of neutralizing the magnetic eficct of the first  As for instance
in Fig. 1. the introduced current 2¢” entering at Pi, divides into
two parts ¢1, which circulate in opposite directions through the
coils F1and Gi1 of the receiver, and produce no effect, and similar-
ly 1lso in the coils 2 and G2 on the same line.  Supposing the
bridge method selected as being applicable more generally, let
us look at the different ways in which it may be carried out.
In Fig. 2, L1 and L2 are two lines which are supposed to be al-
ready inuse as a metallic circuit, Tt and St being the transmitter
and receiver at one end, and T2 and S2 atthe other. L3 :und
L4 are similarly two lines of another metallic circuit.  Between
the points A and B are connected in series two equal non-induc-
tive resistances R. At their common point Pi, a wire connects
through telephonic apparatus Ts and S5 with P2, a similar wire
on the same meiallic circuit, including also at the second end

the telephonic apparatus T6 and S6, or  may connect with Qs,
which is a sumiliar connection on the second metathe arcun, and
simdarly P2 with Q2, both connections mcluding telephone ap-
paratus.  Each of these bridges has then a resistance 28, but
owing to the hine resistance it wound generally be indorrect to
say that they are cquivalent to a smgle shunt of 1esistance R,
‘The current on the derived aircuit pisses thiough the coils of
cach pair of resistances i multiple, and eac b is therefore equiva-
lent to % R, Its to be noted that currents armving at A and B
from P'1, on the derived circut, do not dimide at these pomts as

-y A .+c' L:
s'g %?,(
7 2R
’ § a8 —-}C' La

)
Ss ;45'—
AR
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nught be supposed, but that portion of the <ot at the end bLe-
tween A and B, including ‘T't and §1, s left entirely dead, swce,
due to such currents, there is no difference of potential between
A and B, The same thirg applies also to Tz and S2, and to any
other telephonic apparatus of this circuit bridged across between
L1 and L2, which is not provided with an exit at its muddle pomnt.

As a first improvement on this construction it inay be sugyest-
ed that a self inductive resistance would be better than a purely
ohmic resistance, if not connected exactly at the ends of the ling,
for it would p utly compensate the efiectof electrostann wapacity
between the wires. )

The next step in advance is to put the two coills R together on
the same core as in a telegraph relay, Fig. 3, so that while the
leakage current passing from A to B through the two conls in the
same direction around the core, reinforces the magnetism of the
core and experiences consequently a high impedance, that from
the derived arcuit which enters at P, the middle point, and
divides there, passing in opposite directions around the core in
the two coils, affects the magnetic arcuit comparatively little,
and has therefore low mpedance. In the case of an ordinary
box relay of 130 ohms we would have in series from Ato Ba
resistance of 150 ohms, and an inductance of 4.8 henry, while
from P1 to A and B in parallel we have 37 ohms and .49
henry, or to the note “ middle C" an inpedance of about 7730
ohms to carrents leaking through its coils in series, and 790 1o
the derived currents dividing from the middle point outwiards,
makini a total impedance of 3160 ohms in addition to the ohmic
resistance of the derived circuit.  Better results than this could
Le obtained by superimposing the windimgs inscead of having
them on the separate Jiumbs of the magnetic circuit.  The best
possible results, howeser, will be obtained when the dernived cur-
rent forking at PPt to A and B traverses practically identical
courses in opposite directions .around the magnenc core, and
has thercfore a non-inductive path, while the leakaye current
from A to B passes over this course twice in the same direction,
experiencing the maximum impedance.  This may be accom-
plished most exactly by twisting the wires together and winding
the double conductor on the coil. A coil made n tius way, Fig.
4, measured 480 ohms and 4.6 henry 10 the leakage current, or
an impedance of about 7400 ohms to the note * nuddle €, while
to the derived current entering at its middle pont it was practic-
ally a non-inductive resistance of 120 ohms. In good modern
construction it is necess.ary on circuits of moderate length to trans-
pose the wires on the poles, in order to expose them equally to
outside disturbing influences. In addition to this transposition,

74
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10 get the best results it s often desirable 1o transpose 1he cir-
cuits among themselves ; this aansposition of the nctallic cir
cuits is more necessary when denived crrcuits are formed from
them, for in that case t1ansposition on the poles 1s as umportant
as it1s for single conductors to which they e then equivalent.
For this reason the derived circuit should not be applied to a
pair of circuits differing materially i length,

The underground cable system connecting stations n the
same city affords an excellent opportunity for the applicaition of
the above principles, for a large number of metatlic circuits be-
tween the same two points itre in continual demand and are
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quite expensive. A redistribution of the postions of the wires
in the cable being made at every manhole, the transposition
must be quite thorough.

Cols such as arve wmdicated in Fig. g have been in use
‘Toronto for some time on the ¢ tble between the mam otfice and
the Yorkville station ; they afford an eatra speaking  circuit for
each pair to which they are apphed, in which as well as in the
two ongmal Gircuits, speech s pesfectly transttted.  ‘The same
thing 1s true of a piue of metalhic arcuns between Toronto and
Hamtton, when the circaits are free from Jong eatensions.

It appears quite probable that on very long hines the decreased
conductor resistance and self mduction of the denved circut as
compared with the orginils would fully counterbalance the
increased electrostatic capacity, and gave, for example, between
New York and Chicago, three speaking circuits for every four
conductors, instead of two, the transmission besng unimpaned in
any of the circuits.

A METHOD OF DISTRIBUTION WITH EQUALIZATION OF
POTENTIAL DIFFERENCE.

By 0. H. KEgLEY, MEM Iast, B B, Ass..Muem. CaN, Soc. C. E.,
MuM, CANADIAN ELEC IRICAL ASSOCIATION.

Perhaps it wouldn't be a bad sder 10 preface what 1s 10 be subnntted 10
this paper by a claun that the method of distnbuuon, here n dealt with,
affords an equabizatron of potential diflerence without increasing the volume
or the total weigh® of conductor in any 1wo-wire system ; and that it affords
the same cqualization by the addition of unly 28 per cent. more wire in any
three wire system, the nuportance of which latter feature nught be empha-
sized by presenting a rennnder
of the fuct that 2 three-wite ’ a

that an g araat supplied with B M. P, from more than one source, the
current or amperage developed at objetsve ponts e suh ctreusl 15 pro
purtionalely contesbuted 10 from the severat sources of the L M. F. An
expost on of this  nnaple s atforded by Ly 3, and it will facliate ex-
planition to regurd the internal res stanee of the generators V', VI, as
neglgable : aud consuder only what takes plice in the mans A, B, and the
hups or other instrument connected across them at F,

Putting the figures for the generators or sources of current V', VI, at 100
volts eacl. the total resistance of the mains A, B, at 1 ohin, and the tesis.
tance of the lamp or othier wstrunient threugh which the circut s completed,
at 99 ohms. the current developed with nnly one of the generators (V) con.

100 volts
nected b creunt iy { ——eean o S
99t 1 vhms

volts is absotbed in the Lunp or vthet instrument B and (1 x 101 volt s ah.
sorbed in the maas A, B, U now both of thie genertors V', VI, are con.
nected in panatie), i the circunr as shown, the potential diflerence of 1co
volts at therr junction with the mains A, 1, will remam unaltered.  The
current developed in the cirewt, and the allotment of alisorption will there:
fore gemam the same as before ; but it i evident that  this case the work
ts shared by the genenitors V, VIL ‘The out-put of each of them respec.
tively 15 only balf of what it would be were it acung alone, and the practical
effect s the same asif the arcan resistances were doubled by the presence
of the second generator.

Bearmg this 1 nund, a further view of the fundamental principles in-
volved will Le found in w compatison of IFigs. 4 and s.

When a double circuit is artanged, as in Fig. 4. with a single source of
current, V, it is cvident that the current generated by V. will crculate
10 hoth divistons of w: + V. F, A B V-, and +V, FLA B, V- and f
the ciremnt wires A, B, and A’ I¥', are ahike, the amperage will be the same
as if there were but a single cireut with a wire (A, B.) of twice the sec-
tiwnal area of A, B, or A", B,

From this it follows that when a duuble circuit s arranged, as in Fig. 3,
with two equivalent sources of current V', VI, the resultant amperage

mantested in the lamp or
a other insirument F. conjointly

} 1 ampere, and s producuon (3 X 99) 99

systein calls for a conductor
that 1s only as ¥ is 1o t com.
pared with a system in which
but two wires are employed.
And since there are adapia.
tions of the method to two

supplied by them, will be de-
ternunad not by the separate
resistances of the two diyisions
but by the joint resistance of
the aircunt wires A, 13, and A’,
B, Hence with i double cir-

ifferent systems of wining to . cut so aringed, the wires
be considered, it will be con, used need have only half the
veaient to examine them sepa. 4 & _ F 3 2, <’ secuonal azea of what would
rately after o general survey o 1 be required 0 a single circust
oiduce the sitme L
72 AR e o
tn view of the enorntous - ARCCIRY of these figures. 3. 3 and 3,
saving of wie and of lap 2 > B T 3 that w1 2 double arcut sup-
life that could be effected by plied with current from two
ohwiating the neeessity for a equivalent sources, the current
multiplicity of circuuts to satis. & & ?"m",‘f';‘:"ﬁofm ;l‘thcr sgun]:;
factonly supply varnous ;:roups - ~ ;:c(\,\tll?c "-’Io ont\;rn 1!1;:)"\;?: d
of consumers more or Jess - }4} 7 f% ' hpc ating ¢ B
regular {n therr demands, the Y 54 5 y: 4 ti‘lrcml;) l' C samie rc;ls!.mcc.
.(" } t 1s further scen, however,

securing of a umform E.M.F.
at &l points of a disanbution
system s wanifestly desiruble;
and as from what has ju«t
bLeen imphied 1t would appear

that the halving of the E M. F.
from cach source begins only
at the point where the leads
from the sources of current

this destderatum can be ccono.
mically attamed, it is thought

connect with the conductors
nwhich the currents conjointly

worth while to present the subs-
ject somenhiat in the Light of
a theroctical study, n order
that the wnier's nouons of
what leads up to the practi-
cal conclusions arrived at may
tie cleatly conveyed. 1t will b

N operats ; hence, the half of the
current 1s 1n each case trans-
mitted by the full £, ML k.,
. + from its source. And it isalso

understandable fram the fore-
gowng that the 01l amount
of absorption or drop of the
E AL F. in the leads, from

well, thercfore, to give some
consileration to

N

TUE PRINCIFLKS INVOLVED, a

The simple pamile) or two.
wire system 13 slustrated in
Fig. 1 It will be scen on ex-
anunation of this figure that
the potential difterence  be.
tween the mains A B will fall,
owing toabsorpuion of E.NMLF.
in the ains, the further a
fiven point along thar length b
13 removed from the source of
current. Hence a lamp or
other mstrument connected 10 denived circust across the mamns at 3, 5. will
be operated upon by a lower E. M. F. than onc connected across the
mans nrater the source as at 1, 2, would be,

‘To obwviate this diffetence n fall of potential the simple pamlic! sys-
tem s modified, asallastmated in Fig 2, whetoin one of the mans (B 1s
doubled back upon 1tsell, and the connections are made between the singie
man (A} and the half of the doubled one tB) that s furthest from the
souree of current (V1 Comparing this arrangement with tha <hown tn
Fig 1 it will be seen that whereas in Fig. 1t a lamp ot other instrument
connccied across the mains at @ 2 lbeing ncarer the sauree of current
as measuted along the maine, witl receve more EM F. than the onc
connected actoss at 3. 4. which is further away ; the lamp at a corres-
ponding point 2, 2. 10 Fig. 2, will only recene the same amount of ELMLF,
as the onc at 3. 4. Decause the same total length of conductor as measured
along the mamns 15 between them and the source of current

Hence, with a conductor of the same sectional arca connccting simslar
sets of lawips of other ntriiments at corresponding distances, 1 1s evident
that when the circuits are arranged in sumple pasalicl, as in Fig. 1. the lamp
1 a denved circuit neazest the source will receive more current than the
onc furthest away . and when the circuits are armanged with the doubled
man, as i Fig. 2. a umform cutrent «ill be supplied to the lamps in the
several derived crcuits, but this currerit will not be greater than what is
recenved by the furthest lamp a the former case,

The only result obtained, then, by doubling the length of one of the
mamns. 1s the alsorption of the K M. ¥. that would otherwise operate in
cxcess on any amp or other instrument 1h aircaunt {detived) near the source
of current  The addimonal length of conductor in this doubling of one af
the mains 1s this shown to be a mere dead revstance o the cincuit, Thas
dead reastance with 1ts attendant disadvantages however, it will now be
shown. may be ciiminated by an adaptation of the fundamental principle

20

2 8 ’

the sources of current up 10
the point of junction with the
conductors that convey the
a cutzent 10 the Iamps or other
- instruments, is determined by
V'(. - the joint resistance of these
/l; &* Imads and is, therefore, only
t - o2 half of what it would be were
{ ——— — P the current tmnsmitied from
v . ont source alone.
t THE TWO-WIRE PLAN.
)3 Now with these three con-
ditons ohtaining, st becomes
practicable to arrange a com-
picte system of distribution acconhing to the plan of Fig. 6, and 1t s
somcthing remarkable to find, as will be seen from a mcrely super-
fical inspection of that figure, that the mcthod thus cvolved wrtually
consists 10 sphtting the two mans of the sunpie paraliel systens desenbed
1 Fig. 1, 50 that four witcs, of the total sectioaal area of the two therein
shown, are obtamred, antl these are so coanccted with the sources of current
that an equahization of potential s sccurced shroughout the system without
intolving the use of the additional volumie of condlictor comprehended by
toe doubling of the man B, in Fig. 2, that has heretolore been necessary to
attain the same end  For, to follow up the exanunation. f, in Fig. 6, the
po:at of juaction, of the leads from the sources of curyent, V, V1, and the
cizcuit 10 be supplicd. 18 taken o be where the lamp F is connected across,
1t wilt be scen that the + phases of the currents from V. VI, traverse the
mans A, A, to the pomt 2. while the - phases af the curterts traverte
the mawns B. I, to the point 1 and these + and ~ ghases conjointly
produce,  through the joint resistances of A, A°. on the one hand. and
of B. B on the oiier hand, a potenuni difterence Wetween the ponts
1. 2. that will affect the 1amp o7 other instrumient 10 derivation (connccte
across betwcen the mains) at F, in precisely the same way and to the san,
degree that it would Le affectad werte + and - phases reccived from
alone through a single pair of conduciors the sectional arra of which corres.
ponded to the comtuned sectional areas of A, A’ and R, B'. or twicethe size
of A, and twice the size of B, Again, if, 1 Fig. 6, the point of junction of
she teads from the sources of custent and of the circuits to be supplied, is
1aken 10 be where the lamp, 7, s connected across, 1t will be scen that the
dferenee of potential between the points 3 amd 415 the same as tetween t
and 2, and obvirusiy the same potential difference will be found everyw hiere
throughout the system, because the conditions of the current distnbution
{rom cach of the sourees, V, VL. is precisely the same as that already des
scribed a1 length with Fig. 2: for the same total extent of conductor exists
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betuween the pamnts 3 and 4 and the sources of current, V. VI, respectively,
as exists between the latter and the points . and 2. Henee, the eftect of the
currents emananng from the sotrces V', UL o1s unifuren throughout the
;n.uus, amd the equatization of the difference uf potential 1s rendered abso.
ute.

THE THUREE-WIRE ILaM.

1t will now be i order to go on aml hod that what bas been thus far
under consaderation as wapted toa two ware sysiem, s equally adaptable
for current distnibution according 1o the well hnown threewiae system
therehy secaning tar at an eyuahization of potential dsfference atall panes

e distinguistung feature of the thitse-wite systear represented o b, 7.
as compurad with the sunple parallel, g, 1, 15 that an the three-wige sys.
tem the curront fur a goen tamber of latps o tronsiitted  two creuns,
cach of them embiracing half the number, whereas i the single paralle) the
whole nmnber 1s supplictd in one circunt,

As At present i operation, there 1s in the three-wire systeny (2. 7) a fall
of potenual «wll along the leads consututing the man conductors from the
soutrces of current.  In the figure (7) V. VI, are the two generators or
sources of cerrent connezted 10 series between the mams A and B with a
neutral return wire C common to them both, Iy will be undentood without
repetition, what has already been gone over, that the action obtamng
cither circunt is the same s what olbrans in the sumple parallel, Fig, 1, and
what is needed t0 be wtroduced 15 the equaizition of thie potential
difterence between the mains as affected by the plan described with Fig. 2.
This combination 1< effected in a practicl way as represented in Fig. 8
il 8a shows clectnically the same comtunanion but i a forin that can
hardly be looked upon as practically avalable| and it will readily be s-en
i view of what has already been established by the md of Figs. 1 and
2, that the neotral return wire, although doubled, is stifl common to
both circunts for the currents emanaung from V, VI, while at the same
time the lamps or other instruments F1, b2, and , ¥4, are all equie
distant from the sources of current as measured along the conductors, and
arc therelore supphied with current it a difference of potential which is the
same for all points of the system.

By this comtnnanion, thercfore, the three.wire system 1s made to afford
the same advantageous tesuit as s attuned by the other method of con.
struction that has been considered, but 1t will be seen that 1t s armived at
in a distinctly difterent way 1 each case, and 1s due to the operation of two
different principles undetlying the problem of current distnbution,  For,
according 1o the fiest method, cach of the two sources of current con.
tributes half of the resultant current operating in each and every lamp
or other instrument embraced n the system; while uccording to
the method cowprehiended in the three-wire system each of the two
sousces of current separately supplies hall the aumber of lamps cr
other nstruments embraced 1n  the system, supposing the total number
to be cvenly divided between the two circuits. At the same tume it
is seen that this comianation whereby the equalization of potential
difterence is secured for the three-wire systan virtually consists in
separating the sources of current, V, VI, and inttoducing between
them (Fig. 8 or 8a) a loop constituting a return conductor common
10 both circuits, instead of hwing themn joined directly in senes (Fig 7) and
tapping the junction with a single conductor to complete the circuits as
heretofore.  And agaun it 50 wotks out that the armangement of circunts
shown in Fig. 8, whilr, as we have seen. depending on totally diftrrent con.
ditions for its operation, is preaiscly the samic as that shown in Fig. 6. ex-
cepting that the outer main, A, Ar, is cut of ehividal at the point X, This
disruption throws cach of the two sources of current, V, VI, into separate
circuits, and obviously it is immaternal, as far as the operation is concerned,
whether the sources, V', VI, arc opposed or in direct series, but it 1s prefer.
able 10 put them in oppasition, as shown in the figure, 1n order to obviate
the excessive potential difference that would otherwise ohtain between the
cnds of the loop common to hath circuits and necessitate the douhling of
its sectional area for a given drop in the E. M. F. transmitted.  Similarly 1t
is recognizable that the clectrical conditions obtamning in the armngement
of circuits shown in Fig. 6 would ubtain in the arrangement shown in ¥ig.
8a, if the extrenutics of the mains, furthest from the souices of current, 1n
Fig. 82 were joined together.  1f so arranged, however, the circuits would
evidently be complicated and unwicldy, whereas when arranged as shown
in Fig. 6 and Fig. S the circunts acconding to

BOTH I'LANS

are simple and flexible and afford the greatest degree of convenicnce. in
that two wires, leads or mauns, may be cantied from the sources of current
nany desired direction through a miven tanlding or distnet and by another
route returned to the sources of curreat. and these two miuns may be tapped
at any number of points and the same potential diflerence will be found to
obtain between them at all points, whether in close proximity to. or at the
furthest distiunce from the sources of cumrent.  Hencr, there is hereby
aflorded a means for knowing at a supply station the asciual conditions of
supply at any noment in a given circuit : for, if an indicatcr of any suitable
description 15 connected between the maine at the station, it will show the
difference of potential obtaining, and if the circuit demands an increased
current atany time, the fall of potenuial diflerence due to increased atisorp-
tion of I M. I, in the mains will be instantly shown by the indicator winch
wil! necessarily be aflected 30 A measure comresponding exactly to what s
taking place at every point throughout the sysiem, It will of course be
readily concrived that as regards the sources of cumrent. these may be of
any form of direct current gencrator or may be the secondary wires of
separate converters or iransformers, or sepantic secondary wires on a smgle
converier, the pnmanes or pnmary of which are or 1s in arcust with a
source or geacrator of alternaung currents, ancd that this method of aircunt
construction constitutes at once, in cither of its forms. Fig. 6 or Fig, 8. a
system for the distribution of current direct {rom a generating station, of a
system for cither primary or secondary cwcuits or both pnmary and
secondary circuits for alternate current distribution.
A STRP FORWARD

Now, having got to the bottom of the whole idea and acquired an cxact
knowledge of the resulis attainable by an armangement of arcuits in aither
of the two ways described, we €an rise 10 a4 proper apgrcciation ofits utility,
and the first question to be asked wiil raturaliy be* How s it, this method
of circuit construction has not been heard of an practice?  Well, the fact of
the matter is 1t hasnt had a chance to put 1 an appearance. 1n the shape
here presented for consnideration, 1t may not impropeely be regatded as
something brand ncw and original.  Itis offered 1n that sense. But the
surprising fact obtains that one of the plans has alreudy reached the
hoary age of three years, for preciscly the same arrangement of circuits as
is shown in Fig. 6, is found 1o have been anticipated in a U. S Patemt
granted »s far back as 1891,  Unfortunately for its drve'opment the plan as
patented appears 10 have been arnived at along a line of rrasoning different
from that which has been followed 1n this paper, and she speaification shows
that the wnherent virtue of the armangement has been handcapped by a
itle over-dressing in the shape of a **preferred form ™ comprehending &
cross-wire that practically relegated the improvement back to the operatiie
conditions of the simple two-wire circuit.  \While this is to be regretted, it

cannot be saud to have done any more harm than a dam does 1o a niver
Water eventually findsats level, even of dnven to the opemag up of new
clinuels to that end, and w the same sense the attainable iy oue electrical
field forces s way through our nunds and brings whatever s of unlity to
the surface.  “That's how 1t comes about that mventions aure re-msented and
conceptions are re-conceived.  In the present instance, the wnter was for
awhile urder the agreeable unpresston that the method we have been ex.
anuming according to both plans had been devised solely by buuself, until it
was found suttie of the ground had been already covered in the way that
has been mentioned, Howeser, ot s hoped a steps forward o about 10 be
aclueved.  The opportunity to bnng the matter to the attention of this use.
ful and progressive Assocuition was embraced with grateful enthusiasm,
andf ths paper s provocative of any profitalite discsson, whatever ex.
pectatiuns are entettaned of an early and widespren . aduptiun of these
plans will i all probability be realized.,

ELECTROLYSIS.
By Jas, Al Bavias,

* Flectrodyain® has been antiune ed as the subyecs £y juper, Tt it s tow cont-
prehcasive a tern to be applicd tu1t as 1t as to the elevtrady e werrosion of undes-
ground pipes and electzical canduntons By stray canth cirsents, that § widh e confine
my remarks,

Dunng the ast year or two the attention of the clectn al fraternity, and the public
generally, has been frequently and furcably ditected to this sub gect, and sevaral ater-
esting and valuable articles and papers bave appeared in the columns of the electnal
press, ur has e heen read befure clectri al sanietien. Up e the present tane, however,
no paper on this important matter has been presented 1o aur Asawaation, and 1 bee
hieve that o thorutigh discusston of the subgect at this mcctingg wall be praductine of
much o 16 all ainterested . of my paper (for whach Ldo not Jann much onginahty )
serves asa banis for such discusitan, it wall have well werved ite purpose.  In guc.
paring it, 1 have freely consulted the tranactions of the various wocicties and the
columns of the technical prese, and must ackunonlediz the great aid they have been
to e inso doing,  This paper, thercfore, is more of 4 resume of what bas Leen done
by others in this ficld, than the revult of pervnal evenience,

One f the fiest places to suffer fromthe eval effects of stray canh curgents was Bone
ton, Masx.  Almont three yeais agothe New Eaglind Telephone and Telegmph Co.
found that the insulation of some of thetr undergrount cables had brolen down ; upon
invostigating, it was diwovered that the lead sheathing had been caten through in
«pots in some of the manholes.  The matter was carefully looked into, and it wae
proved Leyond a doubt that the current from the il side of the wreet miluay aram
had lealed on tothe Wicathing of the cables at varioie goitnts, and leaving the @lles
at others, had, at the puiats of leaving the fead, caten it anay to such aneatent asto
allow mater to penctrate tu the core, thus destruying the inalation of the wires,

1t was woon found that the destruction of the tclephone cabiles was but an stem of
the damage being done by these stray cutrents ; water and gas papes were bang caten
thraughi in a number of towars in which single tralley street railways were being aper-
ated.  After carcful cxperiment it wacshiown that only where the curtent Yeft the
pipes to gassto carth (i ¢, whicre pipes were clectrounitine te the canth) was any
damagce being done. Theexplanation given and the une genermlly accepted as cos-
rect was that electrivity pasing through a wonducamg hiqud from the anele to the
athede, decaomunes the Liquid, and 10 the case of water which cantans enough for.
agn matter to make it a conductor, the hydrogen 1s carried, ac 1t were, andliberated
at the cathude, while the anygen 1s set free at the ancde, which, if it be of an easily
oridizable material, will won be attackal, nawent waygen bang a very actine agent,

The truth of this has lately been quetioned an a ient interesting and valuable
paper on thae sulyect by Prof. 10 C. Jackaon, read Iefore the Western Sacsety of Ene
gincers, July 11, ‘g4 Mier a senies of cazeful expenments Prof. Jacksoname to the
cutclusion that the uxydation of the metal as before mentioned playal an ummpur.
tant gart i the detruction of thie piges and that the corrunive action was due entirely
to the cleciralytis of the sulntances beld 1 wlution in the water of the wiles. The
gty of the cottenion of the paje depends an the amount of curtent tlowing from a
given area anid the nature of the walts in the wil,

What happens ity the case of buried pipes is this, -the curtent which has leaked
tom the fails pisseson to the pipes, amd will Tease themn and luw ta eatth at gesints
from which the resistance of the carth dircuit to the poner house 1n leas than Ly the
metallic une. The il of dities containe mare ar less mansture hidding in wlution
chemivaly, which, when their compnnenis are et free, arc of & nre or Jess cotromane
nature.

To decompnne acidulated water between tmo platinum clectrsles an K. M, F. of
alwut 1.¢ ve'ts it necesarny ; with Tead plates a umaller saltage . and with inn and
sinc R2ill s, as the affinity of the metals enters iato the reaction.  Metals huned
in Mt earth containing impuititics may be almut at the pant of cortaion, a very
alight jotential difference Leing ennugh to et up marked action.  Thas accounts for
the detruction of s whete anly a fraction of a salt 1% 1. wae found between them
and the surrounding catth, lecause the 1% D av under one wolt 1v o wurety that
actin will not take place, ot W ragadiy or vialently of course, but Juat as wrcly

What furces she current to leave the ruls and jass to the earth”  Undoulsedly e
cavse of the tao high revivdance of the il arcuit, duc o amperfect bnbing , esther
the bunds are tou amall, o7, what is more likely, the contacis Ixtween the rails and
the bands are oot guud Suimetimes the radh are conneated to the water gapes of &
town . if this is donc cam must be talen te have the water mams amneded to the
dynamo at the poner house, othereise sf the negatise grade of the dyaamn be grounded
ot connected 10 the track, a gath of luw reudance has teen gwovided for the current
o £ 0h 10 the: pipres, Mt to return 2o the dynamo it must juse thtough the carnth,
and damage ¢ sure to follow,

Very many remahics have been suggented and tnad.  Here ate some of them =~

1. Grounding the prnitive jmle of the dynamo and juwtting the negative to line.

Thas only has the cffect of chaning the loation of the distnct 1n which the gapes
are ponitive 1o the carth (rm the immediate vicimity of the power house to mirre dis.
tant pointy, amt while the action v not w vislent, 12 a0 sjeead avera much larger area
and the trouble is much mare difficult to deal wizh,

amd. Rreaking the mu he continuty of the gupes aned cabiles has been wzeual,

This s impractiable, of catirne, met oaly ecanse of the enormens cxgrense of chang-
ing all the mpres at present an the ground, but from the fact that current wraild fcave
onc vection of (upe, pass to carth, amd tack on 1o the nert s tinn,

3nd. Frequent reverah of the palanity of the sireet raslway cumente,

This would anly retand the action, st stop 1t altegether. A anea other mote or
Tews impracticable remedies have been jrupvnedd, Mt 2 wad be utnecesa=y 1o potice
them.

Theonly sure cure for this trouble, as fat as we hnow at jeesent, s 1n the adogrion
of some other strect railway system than that of the ungle trolley with track retarn s
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such av a double islley system, storage hatteries, ot altesnating currenis, if a prac.
tical mntor can be constructed, A methoed of street sulway construction was des-
crabied by Me. W. Netwan Sauth wn the Street Radway Garette of Feh, 17, ‘g4, which
ducs away with the track retum, being practically a double trolicy toad, operated
under the three wire system, uang the carth and riils as a neutial. - Another system
was described by Mr. Nelwn W Perry 1 the huginecting Magarine for March, ‘94.
Many, if aut all, of the projaned underground condut systems would have as an ad-.
ditivual recommendation, freedom from attendant clectruly tic effects,

‘Thie dicussion of the tmerits or demerttaof thiese various sysieins, their practicalulity
or impracticatnlity, 1 oitaide the geavince of thas papes ¢ suflice it to say, that thete
scems to be more than one way of operating street cars, without destroying pipes,
&, alrcady under gronnd.

Nevertheless, the fact semains, that there are very many single trolley roads in
aperation i 1y country, and thar something should be done to protect the pipes
of the munaapalitics under whose fauchises the street rilway comjanics opcrate.,

Abolute protection, as far as is Lnown, it is imjoasible 1o have, but 1o ensure the
greatest {reedom from demtructive action, the track dreuit must be of the lowest pos.
aiblc resistance.  This can auly be accomplished by the beat of bonding and fiaqueny
crow connectinns of il Electrically welded rails shoula be of great sersice in this
connection.  The rasl circuit should be seinforced by overhead returne connected to
the Ty at mrenals, as is donswith the trolley and feeder witex The negative pole
of the dynamo should be grounded, and the various systems of underground pipes
cuntiected 1o it by conducton of lange carnyang capadity.

These are the pancpnl afeguards that can be sdopted.

‘Ihe telephivne companies having utiderground wites have been among the aufferers
frvm the clectrolytic cormoion of the fead of their cables, and a brief description of the
1ncthid usod in the United States for their protection may be of interest,

A nap of the underground conduits and manholesis made, and on it are marked
the ditferenves of patentind between she cables in the manholes and the carth, also
the ditetien of the cuntent, whethicr to or from the cables.  In this way the ** danger
district, * of section where the cables ate positisve to the earth, inay beseenata glance.
11 this distrier, the sheathings of thie cabiles are carefully counccied togcther by large
wire, amd alicary wire {or wires) is tun frum the negative pole of the dynamo, which
isto ground, to the nearcst mantiole in the danger disteict, and if the cureent is of
great volume, to several of the manholes.  As far as 1 knuw, in cvery case, this has
changed the direction of the current, cauning it 1o flow from the carthto the cables,
1hus giving adeyuate protection in an inexpensive way.  Unfortunately all pipes can-
not be protected to the same eatent in the same way, and the responsibility of doing

Jpeoper track cunntriction cents with the street maitway companies,

Finally, because in a town there may be ot anall differences of potential between
gigres and the surrvunding earth, and decumpanition of theny does 0ot set in as son
as the street railway curvent s turnedon, we should not be deccived into a fecling of
fahe security, for though the dentructase action sy e slow in coming, cotnce it will,
nonc the less aurely.

NOTE ON POSSIBLE REDUCTION OF STATION PLANT ON
SMALL ELECTRIC RAILWAYS BY MULTIPLE
SERIES CONTROL OF MOTORS.

By Jons LANGTON,

Tur aaly effixient methud of contrulling clectric street cans 18 to vary the volis at
the motars according te the speedd required.  The facility for doing thie with storage
tattenes, by means of grouping the tattesies differently, iv one of the strung points
of lattery traction.  Ina trulley or conduit syxtem with constant line pressure the
same thing is arrived at by grouping the motors in series or in multiple.  Wath only
two metors to deal with, as in an ondinary sirect aan, thiv males rather an abrupe
stop, which 1 eased off to a mate gradual chanze by dowing them down by a renis-
tance tn scares, or specding them up by cutting out jart of the ficld wanding or shunt-
ing it by a reustance.  This mcthud was used in the carly days of electric railroads,
tut was atandonad, nut tecause it failed ta tave the rdults eapected, but lecausc it
inttoduced a new compliatin at a time when shere wese »o many trouldes with
everything, that sumplification was the rewing need.  These carly dificulties hasing
been surmountad, multiple veries contro) has beenh succenfully revived.

The figure usually acvepial fur traction on steeet raslway tracks 1n average consli-
tion, 1t jo Wi, jull on the drawlar jer ton waght of car, moving on a straight and
level irack.  To start the car from rot reguires a much greater cffort. Dymamo-
meter cyperiments shuw a starting pull of from go I v 120 Ui per ton, equal to
the traction neaded for awending gradesof 3, togls .

When the €aris started with the motaes in guralicl, controlled by the simple process
of wasting in a thaniat the volts that are ot neadeld at the motar terminals to give
the amperes reguired for the traction, the demamd an the <tation for power s greater
when the ar i deing staned than at any other Bme of v Tun, excejn 0« roads with
leavy grades.  Bus putting the motonin series for starting greatly reduces the power
required  The torque of the armature, which gives the traction, iv a matter of am-
treres, amd wath the metars1n senies thie same 1acti. @ isolrained with one halfthe cur-
rent from the bine roquirad when the mators are in qanlle).  The power conwumption
from start te full specd 1s rather more than one half, ajgarontly tecaune the aceelerating
foeve i maee incgulasly applind, o that it takes mther loniger toget uptospeed: orto
put the same thing aneher w3y, in onter t0 get up 10 3pced in the ame time, rather
mare than half the average amperes are necdad far motorsin senes, as comparal with
motars in jaralll  The actual higutes seemto be abawct twothinds the masimum
power, and twanthinds the total pawer coasumpkion, i Qarting and gening up to
speed 10 the same fength of tume. This methad of stanting then tales a masimum
current, which if Jivnlad between thic motans in jurallc! would only give the tacion
needed it amending gradss of from 1 { to 3., and as almost every rvad has steeper
vades than these, the heasiest power demand on the sation come, not from atanting,
tut from moving up grade at full spead.  1ut if we are cantent 1o go up such grades
at a conuderaldy reducnd syecd, we can get, av in staning, the necevary traction
with half the amjxres, by patting the motars 1n wnen.  The moton are then woeking
with geud ctfivrency wn half the hae wolts and running at atout Rall speed.  There
1 of iuune no vng 18 the ttal power qasamption —the energy © the car tales half
as much current, but ale tales twice the time to coves the ditance,  But thereisa
£reat redintion in the marnimum javeer reguired, which woald be ahout the wme on
ay grade suithomgon in sericr as on a2 grade with motees in parallel, or about the
aame as the aanimum power requared for starting withmatoes in serien. The moton
muKt ATy the \ame curtont in cither case amd mu therefore e the same sire, bt
1he marimum demand on the gawer tatin e any ooe cat s reducal ncacly one.
half.

On large roads the janajde of averages may be rebal on 1o a great eatent, and
the station ajualy per car may approumate the average power taken by the ar,

but on amall roads it is in general valy safe 10 provide w1 station capacity per car
of very near the maximum car demand.  On <mall roads, therefore, a reduction of
the latter means a reduction in sire of station plang,  Even if the station capacity grec
<ar oflarge 1ouds were appreciably affected Uy multiple series control it could handly be
availed of.  The most valuable reduction is that on grades, which nuy last for «ome
minutes wh'ise starting is & master of i fow scconds. But rapid tranait is a principal
reawn of the evistence of large electric roads and a prominent sottece of their incone,
and they cannot affonl 10 go slowly ur bl For lange toads the principal value of
multiple series cuntrol is the ability to run suwly with good oficiency in cronded
streets, and the saving of wear and teas on anitch and theostat at such times and
sarting.  On small roads with a few can running on tifteen to 1w enty mimutes head-
way is more a question of ¢ ication than of ¢ ly rapid transit ; and, as
has been shown, by werificing speed up bt} asubatantial reduction in the fint cost
of power plant may be achicved, without any crifice of ability to run at high speed
on the level and low grades. The horse powes hours drawn from the station would
e the same per car trip in either cise, but by easing off the starting current and
suwing up en grades, the power would be drawn more uniforaly, with the tendeney
10 reduce the variations of 10ad on steam engines.  ‘Lhis should give better ccono-
iy in steam consunption, but it is notat all prataltle that there would be any notice-
able effecs on the coal hill,  The load diagram of the station would stll L hadly
sernted, but the peaks of the diagram would be of more uniferin height, and the
highest of them lower than with motors always in paralicl.

There is nothing new in this paper, and the facts and cunclusions seem fairly ob-
viuus, but similar sunple engineering consiid . are ¢ ally esther uot ob-
served or not appreciated in projected works, with the result of paying an extrava.
gant price fut some qualiey which brings in ao inadequate or 1o reguen,

CANADIAN ASSOCIATION OF STATIONARY
ENGINEERS.

PROCEEDINGS OF THE FIFTH ANNUAL CONVENRTION.

THE most successful Convention in many respects that the
above Association has ever held, took place in Toronto last
month. The proceedings of this fifth annual Convention of the
Association extended over four days, commencing September
the 5th and closing on the gth. The deliberations of the Con-
veation were presided over by the Executive President, Mr. Geo.
Hunt, of Montreal.

The delegates present representing the varions Subordinate As-
sociations throughout the Dominion, were as follows :—

J. Robertson, H. Nuttal, and J. Murphy, from Montreal No.
1; R. Drouin and A. Menard, from St. Laurent (Montreal) No,
2; E.C. Johnson and E. Robertson, from Hamilton No.2: E.
J. Philip, A, M. Wickens, \V. Phillips, N. \". Kuhlman, and G.
Fowler, from Toronto No. 1; Jas. Walker, from Kincardine
No. 12; Wm. Jamicson, from Dresden No. §; W. Wiison, from
Peterbora’ No. 14; C. J. jorden, from Guelph No. §5; 1. Devlin
and R. King, from Kingston No. 10; J. F. Cody from Wiarton
No. 133 J. R. Uttley, fiom Berlin Na, 9; F. G. Mitchell and
Thos. Mungall, from London No. 5; J. H. Thomson and T.
Wensley, from Ottawa No. 7; Arnthur Ames, from Brantford
No. 4; Thamas Ryan, provincial deputy for Quebec ; A. E.
Edkius, provincial deputy for Ontario; A. M. Wickens, district
deputy for Toronto, and F. G Mitchell, district depwy for Lon-
don ; George Hunt, exccutive president; Wm. Sutton, execu-
tive vice-president ; W. G Blackprove, cxecutive treasurer,
Thos. King, conductor, and F. Roben, doarkeeper.

Richard Shapland, London : O. E. Granberg, Montreal; John
Campbell, Montreal ; J. Langdon, Hamilton ; R. Stwart, Hamil-
ton ; W. F. Chapman, Brockville ; Oliver Shantz, Geo. € Moore
ing, W. L Outhwaite and others, were present as visitors.

In the absence of Mayor Kenncdy, Ald. Bums extended to
the Association on behalf of the city of Toronto a hearty wel-
come, and invited the delegates to take part in a carriace
drive and luncheon at Reservoir Park, for which preparations
had been made by the Council at 10 a.m. on the following day.
He had no doubt they would see much while in the city to in-
terest them and call forth their admiration.  He referred to the
fact that ex-Ald. Bell, of Toronto, was now a member of the
C. A. S. E. The following reply, drfted by Bros. Rvan, Jamie-
son and King, was read :

*We. the undersigned committee, on behalf of the fifth annual conven.
1icn of the Canadian Assoaation of Stationary Engineers, held wn your euy
n 1803. in reply to your address of welcome so cordhally extended to us by
Ald. Burns, beg leave to express the mosi sincere thanks of our convention
for the hearty welome extended, and the preparations made by you for our
catertainment and pleasure dunng our stay in your be=autiful city. We
csteetn these courtesies all the mae from the fuct that this is the first time
that aur conventions have been officially recognized by any civic body in
this manner.  Trusting that Ald. Burns and confreres may long he spared
to 109k after the interests of the Queen Cay of the West.”

Ald. Burns retired amid hearty applause.

Rro. E. J. Philip, President, of Toronto No. 1, on behalf of
the local association, heartily welcomed the delegates.  In doing
so he referred to the fact that Toronto was the birthplace of the
onranization, the first association having been formed there with
only eight members, The present large attendance was a satis-
factory cvidence of the growth of the Association.

After the reading and confirmation of the minutes of the last
meeting, the following committecs were appointed :

Auditing Committee—Bros. D. Robertson, chairman ; Robernt
King, C. C. Robertson, C. J. Jorden and A. Menard.

Constitution and By Laws—DBros. James Devhin, chainnan
D. Robertson, A. Ames, F. Robert and R. Drouin.
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Good of the Order Bros. |, F. Cody, chairman ; Robert
King, E. C. Johnson, F. G, Matchell wad Ed. J. Plubp,

Mileage —Bros. Joseph Robertson, chairman : J. H. Thomp-
son, F. W, Donalson, 12, C. Johnson and E. J. Pnhp.

Credentials- Bro, W, G, Blackgrove, chamman 3 AL E. Ed-
kins and A. M. Wickens.

The annual address of the President, M. Geo, Hunt, read at
this stage, was as follows :

I have the honor to welcome you ta this our fifth annual con-
vention ¢f the Faecuive Councl,

I do this knowing that your lodges m selecting you as ther
delegates have done so that you will do what you consider best,
and to the advantage of our beloved order : and feeling thac it
will be the most important meeting ever held by our society, not
only on account of the greater number of lodges remesented,
but also because of the magnitude and importance of the subjects
to be brought forward.  May our proceedings and deliberations
on the various subjects be so conducted as te be to our credit,
and_that harmony and good-will may prevail throughout our
session.

[ trust you will accord me the hearty support that has always
been granted by you to the occupant of this chair, and which
will result in profit to ourselves and increased prosperity to our
order.

We have, during the past year, made gratifyving additions to
the number of our lodges, four of which have been instituted,
and my experiene e has been that the organizers have very pen-
crally adhered to the principles of careful selection of members
and useful officers, and I here tender my heartfelt thanks to the
many brethren who, though often so little known, have guietly
spread the tenets of our order, and as a result founded new
todges.

Whilst we have ndded larzely to aur membership, substantial
progress and improvement has been made in the general con-
duct of the ladges ; the officers perform their duties more intel-
liggently, and the ritualistic and secret work is done better. 1 am
pleascd to hear that in many lodges the use of books is not
necessary, and when caution is used to avoid straying from the
text, the result will be added impressiveness to the ceremony
and increased respect for the officers.

There is a prowing desire on the part of brethren 10 make
laodge meetings more enjoyable by the introduction of lectures,
discussions, music and other cducational wethods, and 1 find
that where this systemm has been carned ont most surcessfully
there is greater harmony and less unnecessary argument, better
attendance, more initiations and a nearer approach to perfection
inthe work than in Jodges that make no cffort in this direction.

I am pleased to report that many of the district depunes have
done yeoman service, and have been of great assistance to the
grand executive.

Some deserve special mention. They have given evidence of an
enthusiasm in the performance of theirduties and an interest in the
well-being and erowth of the order, which should earn forthemthe
gratitude of this grand body. I am of opinion that their valu-
able assistance, and especially the persevering and successful
efiorts of the majority, hiave not received the recognition wiuch
they deserve.

The order is now hecoming too large and widespread to be
handled, as in earlier years, directly by the executive, and as a neces-
sary consequence the duties of the district deputies will becoine more
oncrous and the office morc responsible. It is the-efore imperative
that the appointments be judiciously made, their uuties clearly de-
fined, their annual report duly handed in and their services receive
more recognition.

In conclusion brethren, allow me to admonish you to be ever
watchful of our order, guard well the doors of the lodge. cause
strict examunation to be made into the character of all candidates,
suffer none to be admitted whose reputation is not pure and spot-
less. Recollect that the future success of our order depends very
much more on the character than the number of 1ts incmbers, 1
feel exceedingly grateful to you for the honor conferred upon me a
year ago when vou elected me to the very honorable position of

resident of this society, so descrving of the patronage of our
tallow-countrymen

Brethren, I have already occupied too much of your time and
attention with such remarks as scemed to me applicabic to the
present occasion, and will, therefore, only add, in closing. that it is
my heartfelt wish and desire that your deliberations at this meeting
may be so conducted towards each other that whatever we may do
will redound to the honor of the C. A. S. E  Commending vou to
ask wisdom in_your legislation from that Great Heing who rules
and guides us in our every thousht of word and work  Allof which
is respectfully submitted.

Rro Edkins presented the repornt of the committee on creden-
tials, which was found satisfactory

The vevort of the Sccretary, Mr. john J. York, stated there
have been formed during the past year five new associations,
viz.: Kingston, Winnipeg, Kincardine, \WWiarton and Peterboro’,
with a total mmembership of 115, All the new associations are
founded on the best possible basis, with men of well-known
ability, sound judgment and integrity. at the head of affurs.  An
improved form had been piepared for the usc of secretarics of
subordinate associations in sending in their semi-annual reports.
The system of book-kecping in use by many af the associations
was very defective, and something batter should Le insisted on,
Notwithstanding the dallness of the times, the membership and

finances of the several branches had incieased, as showe by the
tollowing statement :

Name of Mom Mewm Total Lia-
Assocution. begs, bers, dne Do Cash, Cash, Assets, ahities,

. P LR B 1 i U 14 1.
Toronto Nao 1 Ry 1 32 RYLG 18 QI6T =B 1T W0
Montteal No 1 76 K 1 1017 ol WG
St Lawgence No 2 o) t) Ml WX 10 K) )
Hanulton No 2 35 anoo. { ERLL [ SO TN SRRt 1)
eStratfurd No 3§ . e
Brantford No 15 14 .
London Na 5, o 15 L] 11 52 31
Guelph Nog 1 16 RNAH o wn
Outanwa No 7 33 M K] . DG W
Dresden No o 8 i 17 1 LYV [ .
Boehin No. @ " 12 2
tRingston No. 10 K
n’\uuupc‘g No 1t 10

ancardine No. 13 K 105 6 N
t\Wiarton No. 13 15 w o
Heterboro No 14, 1

a2 ommo
* Noreport.
t New associations.,
The report was received
mittee.
Ihe annual report of the Treasurer, Mr. W, G, Blackgrove,
for the year ending September, 1894, was as follows :

and referred to the Auditing Com-

Recripts.

8th Spt., 1393, balance on hand 210
tith &1 statimery (Herlin) sno ;‘l.
28th Ot o per AL K] Edline, Ringston chagter 15 0
1oth {.. 18y, Fotontes New 1 prer eapnta tan 22 s0
13th Feb., ** @b, J. J. Yok, easevrctary 96 S0
1oth iuuc. o per A KL Edbins Wartan and Feterboro charters 30w
ath July, A M Widkens, Kinuudine dhanes 15w
2¢th Aug., * statonery Tosonto No o 140
3oth o 0 Torunto No. 1 per caputa tan 28 oo
3d Sept, * cash, ). Jo Vark, eassecretary Lo L Lo L. 120 Gy
R $540 42

Disburiements, i
oth Sept., 1833, mileage rates 6

B ** " gent of hall for convention st ; (515‘
2nd Nav. AL Edlans, esvpenses, Kingaton 2 o
sth Dec. J. 1. York, for emblemns. . [N
&th Feb. 1 . jantage and exproess 5 23
oth July, ** .\ M. Wikens, exgenses, Rinardine 9 50
25th Aug., ** Torato No. o, ot awoaant .. FY
258 28
Ralince <ash on hand s,';}, 4
$e4 42

The report was referred to the Auditing Comnuttee.

Oa motion of Bro. Edkins, seconded by Bro. King, it was de-
cided to send, through the President, a telegram of congratulz.
tion to the National Association of Stattonary Engineers of the
United Srates now sitting at Baltunore.  “The Esecutive Secre-
tary read a letter from that Association regretting therr ability
to be officially represent~d at the dinner, but wishing the sister
organization all prosperny.

Aletier of regiet was read from Bro, Hartenstein, of Montreal,
who could not be present.

An invitation was yiven the members by Bio. Philip to mspect
the steam and clectric plant of the T, Eaton Co.

The committee on good of the order reported 1ecommending
that the charter for Brandon be recalled, and that a new charier
beassued in the case of Portage la Prairie, should a branch
be formed there. In the case of the Suatford branch, it was
recommended that the district deputy be asked to visit them,
with a view to reviving the branch.

The report was adopted.

The district deputy for Quebec, Bro. Ryan, stated that he
expected to organize associatians shartly at Sherbrooke, Quebee
and Levis, and an interesting winter’s work was in prospect.

The district deputy for Ontario, Bro. A, E. Edkins, reported
that new associations would probably bhe formed at an early date
in Brockwille, Carleton Place, Chatham, and other Ontario
towns,

Mr AV F. Chapman, of Brockville, announced his purpose of
daing all he could 10 insitute an associauon m that cny.

EVENING SESSION,

At the open scssion n the evening, papers were read by Bro.
J- Murphy, of Moantical, on  Steam Jackets and Stean Scpara-
tors,” and by Bro. O, E. Granberg, of Montre.l, an “ Stationary
Engineers, Real and Imaginary,” for which the anthors 1eceived
a heanty vote of thanks., At 6.30 & visit of mspection was made
to the power station of the Toronto Electnc 1aght Co.

SECOND DaY.

Wednesday was enjoyably spent in viewing the city and the
Industrial Exhibition from carriages placed at the disposal of
the visitors by the City Council, luncheon being partaken of at
Reservoir Park.  In the Board Roomn of the Industral Exhibs-
tion Association, an inleresing paper was read by Bro. A, E.
Edkins, on “ Injectors,” which will be found on page 120 of this
issue.

THE ANNUAL DINNER.

The annual dinner took place in the spacious dining hall of
the Palimer House on Wednesday cvening. and was an occasion
of much enjoyment.  The ehair wits occupied by Bro. E. J.
Phalip, President of the Incal association.  Among the visitors
were Mr. Joseph Tait, ex-M. 1* P and Me. J. J. Wnght, Manager
Toronto Elcctric Light Company, and President of the Canadian
Electrical Association. Letters of regret were read from Mayor
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Kennedy and Mr. Q. P. St. John, President of the Marine
Enuineers’ Association,

After suffictent tune had been given for the discussion of an
exccllent menu, the lists of toasts was proceeded with, The
toasts, * The Queen,” and Cada Our Home” wete honored by
the singing of the Nautonal Anthem and The Maple Leaf.

Mr. Joseph ‘Tait in replymy to the latter toast, referred to his
cflorts to secure the leeislation which the Association destwred,
and tegretted that he had not been more successful,  Such
legslation wits now difficult to obtiain owing to the abuse of their
privileges by certamn classes.

A fitting acknowledgement of the toast “ Toronto, the Queen
City of the West,” was made by ex-ald. Bro. Wm. Bell.

Mr. Samuel Rogers replied on behalf of “ The Manufacturers,”
cxpressing s sympathy with the ten, who in tins organization
were endeavoring to educate and fit themselves for higher
posivons. By keeping a good purpose before them, he trusted
they would find chances of climbiag up the ladder, and that
they would all achieve an honorable position 1n life,

Mr. John ). Main, respoading 10 the same toast, said he could
observe in the faces of the members of the Association year afier
year their growing intelligence. The Association should bring
youny men in, and try to cducate them and mike them capable.

The toast to * Kindred Socreties,” was responded to by Mr. §.
J Wright, who extended an mvitation to as many of the mem-
bers as could do soto visit the convention of the Cunadian
Electrical Associaton in Montreal—by Mr. J. C. McLean, of the
Toronto street ralway, and M. John Campbell, ofthe Montreal
street railway.

“The Executine” was responded to by Bro. Hunt, Executive
President, who saud that while at one tume the fate of the Asso-
ciation seemcd to hang by a slender thread, it was now on a
satisfactory and progressive basis.

The Canadian Association of Stationary Engincers drew re-
sponses from representatives of virious associations.

Bro. Wickens mentioned as an illustration of the growing
umportance of the engincers, that out of about 9,000,000 horse-
power on the continent of America at present neatly three-quar-
ters was the growth of the last ten years. The constant develop-
ments of machinery required the engineer to be studying all the
time, and this was where the usefulness of an association camein.

Bro. York could say to youny men that his knowledge of engi-
neenny had increased 100 per cent. since he became a member,
and he could assure outsiders that their minds would never be
narrowed nor tieir intelligence decreased by being in this Asso-
aation  Young members should never be ashamed of asking
questions, as it was by this means that knowledge was gained
and new points brought out in discussion.

Mr. Drouin on behalf of St. Laurent No. 2, of Montreal,
acknowledged the kind hospitility extended to him, and regret-
ted that his himnted knowledge of IEnglish did not enable him to
speak at grcater lenpth,

Bro. Shapland, of l.ondon, Bro. Green, of Guelph, Bro. King,
of Dresden, and Bro. King, of Kingston, also responded, giving
encouraging accounts olthe work being donebytheirAssociations.

Bro. A. E. Edkias, replying to the toast “The Ontario Asso-
caation of Stationary Engincers,” sought to remove the miscon-
ception that the Ontario Association was an org.anization cntire-
ly separate from the C.AS.E. and proceeded to explain the
objects of the bill passed by the Ontario legislatute under
which the O.A S E. was  formed. In  Quebec, they
now had a government hicensing iaw which is compulsory
and no doubt that law would be the means of raising the stand-
ard of qualifications of engincers in that province.  If Ontano
would pass an act under which the government would issuc cer-
tificates, they would be willing 10 let the Ontario Associatition
lapse in its favor.

The Executive Sccretary, Bro. York, then read the following
reply to the address of welcome presented by Totonto No. 1 :
E. ]. 2'halip, Pressdent, Torvonto No. i,

DEAR NIR AND BroTiik.—\We, as 2 commitiee appointed by the 1894
Conventon of Canadian Associanion of Stationary Engincers, on hehalf of
that conventivn, tender to you, as representative officer of Toronto No. 1.
our cordial thanks for your heanty welconie extended to this consvention.
And also their very great appreciation of the efforts of your entertainment
committee tn providing a programme {ur the entertainment and amusement
of this conmvention —a pregramine which has certainly never been equalled and
could hardly be surpasied.  On tichalf of the convention, we trust they will
accept our sincere thanks,

Commuttee —Thomas Ryan, Wilkam Jamieson, Robert Ring.

At intervals during the evening a number of excellent senti-
mental and comic songe were rendered bg Messrs. Geo. Grant,
James Fax, John Alexander, and W. G. Blackgrove to whom
a hearty vote of thanks was tendered.

THIRD DAY.

Thursday was pleasantly and profitably spent at Niagara Falls,
under the direction of the followwny Commuttee :—Bros. A. E.
Edkins, E. . Philip, Wilson Phillips, W. 1. OQuthwaite, J. Fos,
\Wilford Phillips, J. C. McLachlan, J. G. Ban, W. G, Black-
grove, W, Bell, with A, M. Wickens as chairman, H. E. Terry,
sccretary, and Geo. Fowler, treasurer.  The trip was made on
the <teamer Chippewa an i over the Niagara Falls Park and River
Railway. The power canal of the Cautaract Constwuction Co.,
was inspected under direction of the engineer in charge, Mr.
DeCourcey May.

On the Canadian side the power stations of the Niagara Falls

Park and River Railway Co. were also visited and inspected under
the guidance of My, Ross Mackenzie, the manager, J. C.
Rothery, Assistant Supenintendent, and \V. Phillips, Mcchanical
Superintendent.

FOURTH DAY.

The convention re-assembled for the completion of its busi-
ness at 10 a.m. - A report was handed tn by the Committee on
good of the order, advising against the adoption of the proposal
to issue graded ceruficates to members,  “The report was adopt-
ed after some discassion.
| ‘The Committee on Constitution and By-Laws reported as fol-
ows

1 Your commitiee recommend that Sec 1., Art. 5, be amended
to rcad thus.  That it be constitutiona! hereafter to have the
nomination of candidates for office on theeaecutive council precede
the clection of said officers, and may be taken up at any time after
the opening of the annual convention, providing notice thereof has
been given.*

2 Your committee recommend that a new section be added to
Article 1., to be known as section 2, whcrehy subordinate associa.
tions shall issue to any member in good standing a withdrawal card,
which. upon presentation thereof, shall entitle the holder to the full
privileges and membership in any other association i the locality
to which he may remove without the payment of mmtiation fee, and
that Article 11., section 1, on the laws of subordinate associations,
bie so amended

3 Your committee also recommend to this canvention that the
cxecutive committee formulate some scheme of insurance and
benefits for members; the exccutive to be instructed to draft such
schieme, and that the secretary of this convention notify each of the
subordinate associations of the same not later than two months
previous to the annual convention next ensuning.

4. That Article 1V, sec 2, on the laws of subordinate associa.
tions, be corrected, also that sec. 2 of same article (wiuch is omitted
from one edition of the constitution) be inserted, and that Art. 111,
section 4, be amended by erasing afl after the word **each,” an
inserting instead the words ' semi-annual.”

1t is the opinion of your committee that the rule appointing
district deputies be more closely adhered to, there being no need for
gzovincia! deputies A certain number of district deputies should

appomnted at each convention, such appointments to be
made by vote of the convention.

‘The first paragraph was thrown out, as well as the second and
third clauses. The fourth clause was adopted.

The appointment of deputies was declared to be the preroga-
tive of the President.

The auditors repoited having found the books and reports cor-
rect, and recommended a refund of $3.873 to Kingston Associa-
tion of per capua tax,

The receipts of the souvenir were reported by Bro. York to be
$542.50, and the estimated profit $300; this profit to be applied
to defraying the expenses of the present convention.

Ottawa was chosen as the place of next meeting.

The following are the officers elected for 1894-5 :

President—]John J York, Montreal.

Vice-President—\V. G Blackgrove, Toronto (acclam )

Sccretary —James Devlin, Kingston (acclam.).

Treasurer—Duncan Robertson, Hamilton {acclam.).

Conductor—E. J. Philip, Toronto.

Doorkeeper—]. FF Cody, Wiarton.

Upon the installation of officers, the newly-clected president ap-
appointed the following as district deputies .

For Quebec~O. E Granberg, Montreal.

For Ontario - A. E Iidkins, Toronto.

For Manitoba—Chas C. Robertson, Winnipeg.

The proceedings were brought to a close with the presentation
to Bro. Hunt of a jewel in recognition of his valuable services as
President, followed by brief speeches from the newly-installed
officers.

T0 GEFRAL SIHTON MAGRS

Are your working expenses f00 high . q
Don’t you think you could effect a saving =
® ® [ ]
. THE undersigned makes a Specialty of
. overhauling complete plants, steam or
water power, railway or light, with the object
of stopping little LEAKS and increasing earn-

ings.

GEO. WHITE - FRASER, C.E.

Electrical Engineer

18 Imperial Loan Building -

TORONTO.
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THE TORONTO INDUSTRIAL EXHIBITION.

BerLow will be found particutars of some of the exhibits ut
the recent Torenmo Industrial Exhibition in which the readers
of the ErrcTRICAL NEWS are likely to be most interested :—

The Ballard Storage Battery Co., of Toronto, made an interesting
show of fans, worked on the storage system, as well as a surgeon’s bat-
tery.

Robin & Sadler, of Montreal and Toronto, presented an attractive
showing in the cast end of the Machinery Hatl, of ssmples of all kinds
and sizes of leather belting, laces, belt dressing, &¢.

Kay Electric Works, Hamilton, had a well arranged and instructive
exibit, showing a 20 11, v. dynamo—an eaciter for thealternator wihich
worked the welding and heating machines, and for heating iron in
water,

The Canadiar Mineral Wool Co., Lid., of Toronto, presented neat
compact samples of their asbestos goads, steam pachings, colton waste,
gashets, steam and boiler covering,  The Company is now manufactur-
mg its wool in Toronto, thus reducing the cost of its material.

The Dodge Wood Split Pulley Co., of Turonto, placed before prospec-
tive purchasers a large variety of their well known split pulleys; also for
the transmission of power and for hoisting purposes ther tallow lud
manilla ropes,  They have specially made a new pulley for dynamos and
motors,  All their pulleys were running at high speed and attracted a
good amount of attention.

The eohns-m Electric Co., of Toronto, exhibited four motars, driven
by the Wheelock engine which furnished the notive power to light the
Main Building. The Company also provided the incandescent hights
by the National alternator, producing 1,000 lights—the machine making
1350 tevolutions to the minute.  They likewise showed nine motors
from 3§ to 5 H. ¥, search light, &c

Barber & Watson, of Mcaford, Ont., had on exhibition one of Bar-
ber's Canadian Turbines, which is apparently easy to handle, quick to
respond, steady and sturdy in motion.  The firm also manufacture gear-
ing, hangers, shafting, puileys, saw mill machinery and machinery and
castings of all kinds. T’lcy have had an experience in the above lines
of trade extending over a petiod of 26 years,

The Bell Telephone Co., of Montreal and Toronto, had a fine exhibit,
very tastily arranged, in the Main Building, showing, besides the usual
full lines of every kind of electrical appliances, a new keyless fire alarm
box and a fire alarm for hotels. The Company manufacture in their
factory in Montreal all the various apﬁamlus connected with telgphone
and lclccu’ic work. They fitted up the police patrol system in' Mon-
treal,

William C. Wilson, of Toronto, had an attractive display in the Ma-
chinery Hall of all kinds of lubricating oils and grease, engine packing,
belting, electric carbons, colton waste, &c., also samples of ammonia
oils—the latter being subjected to a very high cold test and being speci-
ally prepared for ice makers and brewers.  Mr. Wilson’s stand was well
arr:mgeA and decorated with electsic lights, which showed off his exhibit
to advantage.

F. E. Dixon & Co., 70 King St. E., Toronto, showed samples of dif-
ferent kinds of belting—round belts, rubber behting, cotton and lace
leather, belt studs, twisted raw hide belting, and their Goodyear welting.
The firm supplied the 1S-inch double belt which was driven by the
40 H. b, engine belonging to the Johnson Electric Co. to tun pant of
their machinery, and during the time of the Exhibition it had been in
nse it had not stretched.

The Wm. Hamilton Manufactuting Co., Ltd., Peterborough, Ont.,
had on view the * Boss Tutbine Water Wheel,” which they claim gives
the highest percentage of useful effect for every cubic foot of water used.
It is made in dry sand, having smooth, even surfaces. The improved
water wheel governor made by this Company is claimed to be the most
simple, durable and cfficient in correcting rapidly any disturbed motion
of machinery driven by water power.

The Northey Manufacturing Co., Lid., of Toronto, exhibited in the
Machinery Hall several of their well known pumping engines.  The one
that attracted most attention from those practically interested, was their
Underwriters’ Fire Pump, the dimensions of which were 14x7 12,
giving a capacity of 500 gallons of water per minute—equal to 2.1 36 inch
sinooth nozzlc streams—the cngine, to produce this result, was dsiven
at the rate of 70 revolutions per minute. The Company also showed an
indcpendent condenser, capable of supplying the wants of any stcam
engine of 200 #. 1.3 a brewer’s ait pump, with automatic regulator, as
well as several small duplex feed pumps.

The town council of Millbrook has appointed a deputation to inspect
the lighting plants of various towns prior to purchasing the necessary
plant to light the towa.

The street railway of St. Thomas, Ont., issaid tohave been purchased
by Mr. Henry Everett, of Cleveland, Ohio, who is also interested in
It is reported to be the in-
tention to convert the railway into an clectric line next spring.

Rumors have been abroad during the last few weeks pointing to the
sale by the Royal Electric Company of their manufacturing business.
The General Electric Co., the Montreal Gas Co., and the Stanley
Electric Co., of Pittsficld, Mass., have all been mentioned as among the
probable purchasers. Scnator Thibeaudeau, President of the Royal
Electric Co., has stated that there is no truth in these rumors,

At the annnual meeting of sharcholders of the G, N. W, Telegraph
Co., held in Totonto on the 26th of Scptembers, the following gentlemen
were re-clected as the Board of Directors and Officers of the Company
for the ensuing year: H. P. Dwight, Toronto, president and general
manager; Adam Brown, Hamilton, vice-president; Hugh N. Baird,

James Hedley, A. S Irving, W. C. Matthews, Toronto ; Richard Fuller,

Hamilton ; Hon. William McDougall, Ottawa; Chatles A. Tinker,
Ie‘:w Yotk ; sccretary, and auditor, George D. Perry ; treasurcr, Arthur
X.

SPARKS.

An incandescent lighting plant is beiny installed at Midland, Ont.

The constivction of a new telegraph line fiom Kat Postage 1o Fort
Francis, is tnlked of,

The Peterborough Electsic Light Co. will, it s said, establish a light-
ing plamt at Tweed, Ont.

The electric lighting plant at Kzmptville, Ont., was recently purchased
by Mr. J. J. Caollins, of Ouawa.

An amalgamation has been conwtnmated of the two clecttic lighting
companies at Syduey, Cape Bretoa.

The Calgary Water Power Co. have lately installed and put in oper-
ation in that city, an arc lighting plant,

Itis said to be the intention of the Bell Telephone Co., to extend
their system throughout Southwestern Manitoba.

A juint stock company is said to be in process of formation at Windsor,
Ont., to manufacture signals for electric railways.

The Waterloo Farmen' Alliance Telephone Co., after having been in
business thice years, have sold out to the Bell Telephone Co.

An clectric railway is talked of to connect Galt via North
Dumfrics, New Dundeeand Haysville, with New Hamburgh and Baden,

Mr. W, C. Harriston has 'nuclmscd frum Mr. H. G. Buck, the clectnic
light plant and business at Norwoad, Qat., and iy erecting a new station,

The ditizens of Snmmerside, P. E. L, have voted down the propo.
sition that the council should purchase and operate an clectsic lighting
plant.

Owing 10 some irregularity in the tenders submitted for an electric
light plant for the town of Kincardine, the council decided to invite
new tenders.

Messrs, F. H. Sleeper & Co., of Conticook, thw., are endeavonng
1o form a company to supply electric light to the towns of Huntingdon
and Ormstown,

Petitions are being circulated and signed at Ottawa, asking the
council to request the Electric Railway Company to inaugurate a limited
Sunday service,

Mr. T. S. Bell, Engincer, of Hamilton, has been employed to sepost
an the possibilities of the water power at Chedoke Falls, for clectric
lighting purposes.

The Directors of the Hamilton & Dundas Railway Co. have decided
to defer changing the line from steam to clectricity, until July, 1896,
when the Myles lease will have evpired.

Mr. Gilbert Johnston, formerly chief engineer, and subsequently
master of the steamer Hero, has recently been appointed chicf enjinees
of the Richelieu & Ontario Navigation Co. .

The Toronto Street Railway Co. carried 1,936,119 passengers during
the recent Industrial Exhibition at Toronto, as compared with 1,797,877
duting the same period of the preceding year.

The town of Trenton, Ont,, has approved ofa by-law to apportion
$6,000 for the constniction of a power house at the dam on the river
north of the town, where it is proposcd to generate electricity for lighting
and manufacturing pusposes.

The township council of York, at a meeting to be bheld on the Sth of
October, will consider the advisability of passthg a by-law to authorize
the extension of the Toronto Sulmrban Railway Company’s line to the
village of Weston.

1t is said to be the intention of the Montreal Park & Island Railway
Co., to double track their line to Back River and to add six-hundred
H, P. to their steam and electric plant.  The Company have now under
construction in the exhibition grounds, sepair shops and ear bamns,

The ratepayers of the village of Weston have refused to sanclion the
proposed bonus of $5,000 to the Suburhan Street Railway Co., toinduce
the comg:my 10 extend their line to that village.  Mr. Frascr, the Man.
ager of the Company, states that unless the bonus is grantud the exten-
sion will not be made.

Incorporation is being applied for by the Cataract Powes Company,
at Hamilton, for the purpose of conveying power to Hamilton from
Niagara Falls. The promoters of the Company are, Moesses. W, 11,
Glassco, W. Southam, R. Fuller, W. A. Wood, J. W. Hendrie, W, W,
Osbome, John Patterson.

After having sent a deputation to inspect the lighting stations of
various towns and cities in Canada and the United States, the City
Council of Stratford has instructed the fire and light committce of the
Council to obtain plans and invite tenders for an clectric light plant, to
be owned and operated by the city.

The Yarmouth, N. S., Telephone Co. is reported to have camed g
nct profit on the past year’s business of twenty-six pereent.  Out of this
a dividend of ten per cent. will be paid.  The officers of the Company
were re-clected as follows:  President, H. B. Cann; sccretary, E. K.
Spinncy, and treasurer, J. M. Lawson.

The Montmorency Electric Power Co., of Quebee, have commenced
the construction of a new brick and stone building, 95 x 45 feetin size,
on Prince Edward Strect, in St. Roch’s.  This building is to be used as
a distributing station and for office purposes. It is cxpected that the
Company’s new plant will be instal{cd and in operation before the close
of the present month.

A handsome new car has been constsucted at the General Electric
Company’s works at  Petetboro, for the Kingston Electric Railway Co,

¢ The car will be used for special occasions only. Tt is saud that the
company will make a new departure by placing this car at the disposal
of those who wish to attend the opera, etc, in full dress, and who are
willing to pay for extra accommodation.

The town of Magog, Que., has entered into a contract with M,
IcMay to supply arc and incandescent lights for a period of five years,
The price for arc lights is $55.00 per year ; for sixtcen candle power in-
candescent lamps, $5.00; and for 32 c. p. lamps, $10.00. A condition
of the contract 1s that 16 . p. lights arc 1o be furnished to citizens re-
quiring them at a price not o exceed $6.00 per lamp per year,
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TRADE NOTES.

Messrs. F. H. Sleeper & Co., of Coaticooke,
Que., are installing an electric light plant in
the Dominion Snath Co.’s factory, at Water-
ville, Que.

The’ 8t John Gas Light Co., St. John, N. B.,
have placed an order for a 2500 light alternat-
ing incandescent plant with Messts. Ahearn &
Soper, of Ottawa.

The 2500 light plant purchased from Messrs,
Ahearn X Soper, of Ottawa, by the Windsor
Electric Light & Power Co., of Windsor, N. §.,
has been put in operation,  The lightsare being
taken up very rapidly.

The Chambers Electric Light & Power Co.,
Trure, N. S. are adding to their plant a go
horse power Robb-Armstrong engine.  This
makes three of these engines purchased by them
during the past two ycars,

The two electric light companies in Sydney,
C. B. have amalgamated, and ate increasing
their plant by the addition of a go horse power
Robb-Armstrong engine, and a go hotse pawer
Monarch Economic boiler.

Among recent shipments by the Robb En.
gineering Co., Amherst, N. S. are a 40 horse
power Robb-Arnmstrong engine, a 40 horse-
power Monarch boiler and a Perfection rotary
saw mill to Messes. John E. & G. Lake, For-
tune Bay, Newfoundland.

The contract for the cars and eclectrical
equipment of the St. John, N. B., Railway, has
been placed with Messrs. Ahearn & Soper, of
Ottawa, who will furnish twelve vestibuled cars
with an outfit of two 30 h. p. motors each, of
the Westinghouse type. g‘he station equip-
ment consists of two 250 h. p. generators of the
Westinghouse multipalac type.

Messrs. Ahearn & Soper, of Ottawa, are
very busy with orders for electric railway and
electric light apparatus, and their Car Works
are turning out large numbers of cars.  The
latest shipment consisied of twelve cars of
vanous types to the Hamilton, Grimsby &
Beamsville Electiic Railway Co., and the fac-
tory is now at work on a number for Montreal
and St. John, N. B

SPARKS.

A twelve year old son of Mr. John F. Baker,
of Kingston, is said to have prepared plans
for an engine, andtohave made the parts, put
them together, and started the machine in suc-
cessful operation. It is said to be the lad's
intention to take a coursc in electrical engineer-
ing at Queen's University.

It is reported that the city of Hamilton will
be asked to vote a bonus of $125,000 to aid
the construction of the Hawilton, Watcidown
and Guelph Electric Railway. The balance of
the amount required to build the road is said to
have already been subscribed.  The total cost
of the enterprise is placed at $300,000.

At a meeting of the City Council, of Hull,

ue., held last week, an electrfc milway and
lighting franchise was granted to Theophile
Viau, and a company will be formed at once to
construct and operate the works.  The railway
scheme will probably embrace branches to
Aylmer, nine miles; Gatineau, four miles,
and Ironside, five miles.

The Gas Company, of Galt, Ont,, have
ordered an electne light plant from the Cana.
dian Geaneral Electric Co., of Toronto.

The Bell Tclephone Co. has  purchased
property at the southwest corner of Notre Dame
and St. John streets, Montreal, and will com-
mence work at once on the erection of a new
building suitable for their purposes,
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tion and public works.

The recognized medium for advertise.
ments for *‘lenders.”

- CANADIAN CONTRAGT RECORD:
TOR o

> ONTO,

Y

THE STEAM B0

B CA

Head Office:
LONDON.

——r—

JAMES LAUT,

MANAGER.

J. H. KILLEY, Consulting Engincer.
Subscribed Capital, Szoo,ooq.

WADA

LER & PLATE GLASS INSURANCE COMPANY

The uneapected gen.
erally happens. Don't
trust 0 luck, It pays
to know that you are
right. Hasve your builer
impected and insured.
Our policy covers the
lives of men in charge
of hoiler, without any
additional charge.

JOHN FAIRGRIEVE, Chisf Inspector.
Full Government Deposit.

ELECTRIC
WATERWHEEL
GOVERNOR

PATENTED.

Variations in speed de.
tected by fast running,
sensitive Governor Balls,
Gate movement instantly
set in operation by clec.
tric cusrent,  Quuck and
powerful action,

Write for particulars.

WM. KENNEDY
& SONS

Owen Sound, Ont,

STUDY ELECTRICITY AT HOME

By our correspondence method.  Thorough tnstruction with Free Apparatus, illustrated in
..SciexTiric Macuinist, S. Water St.,

......................................................

C!'uly issue of CANADIAN ELRCTRICAL Naws,
eveland, O...

Circulars Free.

REPAIRS S muuseyis

Armatures and Transformers repaired and renewed.
Commutators made to order and repaired.

ELECTRICAL APPAPATUS

OF ALL KINDS MANUFACTURED AND REPAIRED
AT VERY LOW PRICES FOR GOOD WORK

G. W. HENDERSON

Manufacturer and Contractor Electrical Supplies oI

44 Bleury St., Cor. Jurors St., MONTREAL

Please mantion the CANADIAN ELECTRICAL NEWS when corresponding with Advertisers
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OUR SPECIALTIES

nmmmmmmmmmmmes

LAMPS..

Do You EVER USE INCANDESCENT LAMPS ?

If s0, do you know what a good
Lamp is? We can give you
Lamps at all prices, and have
the best Lamp made in the
world; namcly: the genuine
“EDISWAN,” in any candle
power, from one to two thou-
sand ; to fit any base. Don't
buy lamps until you get our
quotations.

Prosted Lamps - Colored Lamps - Mogul Lamps
b 3 3 3
SEND US THAT RUSH ORDER.

JOAN FORMAN
650 Cralg Street, MONTREAL.

AG[M . Bdison & Swan United Blectric Co.
. and Hungarian Incandescent Lamp Co.
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EIHTRICA. SUPALE -

Do not fail to write for Prices and
Quotations on all kinds of Electri-
cal Supplies . .

e o

WH CARRY THE LARGKST STOCK OF HIGH-CLASS FITTINGS
FOR ELKCTRICAL WORK IN CANADA.

e o
Fancy Porcelain Cut-Outs.
Rosettes, Wall Plugs,
Switches, Brackets, Ete.

Have you tried the LR.G.P. Wire? We gnarantee our
Wire to have a higher insulation resistance
than any wire in Canada,

Write for Prices on all Supplies required.
Send us that ‘‘rush’’ order.

¢ o
JOAN FORMAN
650 Craig Street, - MONTREAL.

AGENT: For Crompton Houell Rattery Co.; Ediswan United
Electric Co. and the India Rubber, Gutta Percha
and Telegraph Works Co.
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CRONPION & G0, LD,

=S
JOHN FORMAN

Sole Agent for Canada

SHOWROOMS :

650 Craig Street,

... MONTREAL...

Cooking and Heating Apparatus
Dynamos
. « Arc Lamps ..

Measuring Instruments of Highest Accuragy
and Lowest Price.

ALTERNATORS AND MOTORS

SRS

I A R I A I A YOI
AU L L L
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Wiat We Want
S ORders...

=N

No Matter How Far You Search
you can't %et away from the
fact that India Rubber Wire is
head and neck ahead of all
insulated wires. We espe-
cially commend it for diffi-
cult and tryin%installations.
IT NEVER DISAPPOINTS.
We carry the largest stock of
insulated wires in Canada.

OB MR

SEND US THAT RUSH ORDER. |

N

JOAN FORMAN
850 Craig Street -  MONTREAL.

O LA

AL

Please montlon the CANADIAN ELECTRICAL NEWS when corresponding wlth:idverusers
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MOONLIGHT SCHEDULE FOR OCTOBER.

Dayo . Lo No. o
Mozuhtj Light. Extinguish. lloursf
H.M. H.M.
SRR P. M. 6.20 AM. 5100 10.50
2000000 n  0.20 " 5.10 10.50
K I " 2.30 " s.10 0.40
- SO w 820 " 5.20 9.00
Sevennn " 9.20 w520 8.00
6...... n 10,10 nw ‘s.20 7.10
Teveens n 1100 w  5.20 6.20
8 ..... [T B 5 o R Y . }
(9 IO T " g.20 5.50
10,..... AM. 12,40 w520 4.40
5 TN n  L§O w530 3.40
12000000 w300 1" 5.30 2.30
13,0000 No light. No light. ees
1400000 No light. No light.
1§5...... No light. No light, ceen
16...... P. M. 6.00 PoM. 7.40 1.40
| Iy SO w G0 n 820 2.20
18...... nw 600 "o 3.10
19...... n 600 w 10.10 4.10
20 ..... n  6.00 n 11,00 5.00
2. n 550 n 12,00 6.10
22...... w550 A M. 100 7.10
2 w o 5.50 w  LIO 7.20
240 v 5.50 ¢ 2,20 8.30
25.. " 5.50 " 3.20 9.30
20. . " 5.0 " 4.30 10.40
27 0. " §.30 " 5.5V 12.00
28...... w  5.40 ¢ 3550 12.10
20,00, " 5.40 " 3.50 12.10
30...... " 5.40 " 5.50 12.t10
3t...... " 5.40 " 5.30 ‘ 12.10
Total, 204.50

Incorporation is being applied for by the London Electric Co., Lon-
don, Ont., to manufacture clectricity for commercial purposes in that
city. The proposed capital stock is $250,000. Among the applicants
are Messts. W, R, Brock, H. P, Dwight, Frederic Nicholls, Geo. A.
Cox, Hugh Ryan, Robert Jaffray, and J. J. Kerr, all of Toronto,
and M. J. Kent, C. B. Hunt, Edmund Meredith and C. R. Cameron,

all of London.

The Bell Telephone Co’y

OF CANADA, LTD.
MONTREAL

MANUPACTURES AND HAS YOR SALE KVKRY DESCRIFTION OF

TELEPHONIC stso-

ELECTRICAL APPARATUS

LINE MATERIAL AND SUPPLIES.

Will furnish tenders for supplying Warchouses, Public Buildings, Hotels,

and Dwellings with

PRIVATE AND LLOCAL TELEPHONE SYSTEMS,
BURGLAR ALARMS, HOTLEL, ELEVATOR AND
OTHER ANNUNCIATORS, HOTEL ROOM AND
FIRE CALL BELLS, ELECTRIC BELLS, PUSH

§ . BUTTONS, ETC, . .. ... ...

Will also furnish tenders 1o Cities, Towns and Villages for FIRR ALARM
AND Potick PATROL SYSTEMS,

TN

Catalogues soill be furnished on afplication.

SALES DEPARTMENT ;

MONTREAL:
Bell Telephone Building,
367 Aqueduct Street,

TORONTO:
Bell “Telephone Building,
37 Temperance Street,

HAMILTON:

Bell  Telephone Building,
Hughson Strect.

OTTAWA;
Bell  Telephone Building,
Queen Street.

QUEBEC:
Bell ‘Telephone Building,

St. John and Palace Streets.

WINNIPEG:
Forrest Block, Main Street,

. . T
vaFORIZING

NIRRT X,

‘e M ‘

10 PuMp

THE WEBSTER

doliim _Feed Water

AGGREGATE SALES:

Hﬁal;ﬁl’ and Puriiler

400.000 HORSE-POWER

x X

Reliance Works

The * Webster” reduces back pressure go per cent., and we
guarantee to heat the feed water to 200 to 210 degrees

X

The following plants hase ltc\-n_rn‘gml): installesd,

and we take pleasurc in referring them to you: -

Genceral Mining Co., Sydney Mines, C. B.
Central Prison, Toronto, Ont.
Central Prnison, Toronto, Ont. -
Montreal Island & Park Railway Co., Montrcal -
Montreal Warchousing Co*, Montrcal
Halifax Cas Light & Electric Co., Halifax, N.S. -
J. Barsalow & Co., Montreal
Robin & Sadler, Montreal -

DARLING BROS.

2 2

- 300 H. P.

- - 250 H P,
- - 125 H.P,
400 H. P.

- - 1256 H. P,
150 H. P,

- - 125 H. P.
- 45 H, P,

MonTreAL, QUE,

SHALL WE MAIL YOU OUR “ILLUSTRATED CATALOGUE”?

Please mention the CANADIAN ELECTRICAL NEWS when corresponding with Advertisers
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ELECTRICITY

FREE APPARATUS

DisLovas Awakbkn.  Courses in ather tendes, all
including thorough instruction in \lnlhtm:lllts and
l’h vics. Send for FREE Circular uau \uh
wish to study, to The Comlpondeneo f of in-
dustrial Sc entﬂ. 8cranton, Pa.

THE GALVANIG BATTERY WOHKS

148 WELLINGTON ST. W, TORONTO

TORONTO ELECTRIC MOTOR CO.

MANUPACTUREKS

Dynamos ..« Motors

ARC LAMPS FOR INCANDKSCENT CUKRENT.
REIAIRING A SPECIALTY.

107 Adelalde St. W. - Toronto, Omt.

Ifyouwantto . . . . «
SELL
ANYTHING

to the wholesale and retail hard-
ware merchants and manufac-
turers

ANYWHERE

in Canada, you ¢an reach them
through the

CANADIAN HARDWARE MIERCHANT
J. B. McLEAN CO,, Lrb.

PURLISHERS
10 FRONT ST. E. -

TORONTO.

Little Giant Turbines

WATER WHEKLS FOR ALL FURPOSES
HORIZONTAL OR VERTIGAL
Water Wheel Governors, Machine Dressed Gears,
Pulleys, Shafting, Hangers, Etc.

Write for Catalogue and Gear Lists.

dJ. G. WILSON & Go., GLENORA, Ont.

RORIZONTAL, T\'I'V.

SPECIA.L ©® ©

High Class Split Clutches
and Couplings

.. AND ..

High Class Sp]it Pulleys
—ssusmemem= FOR ELECTRIC POWER PLANTS

« .. WRITE FOR PRICES ...

DODGE WOOD SPLIT PULLEY CO.

Office: 68 KING STREET WEST, TORONTO.

“STARR”

INCANDESCENT LAMPS

FULL CANDLE POWER
LONG LIFE L LOW PRICE
The “STARR ” as now manufactured with new and improved

bases, etc., are unequalled. Made with standard bases
and of all voltages and candle power.

.« TRY A SAMPLE LOT...

JOHN STARR, SON & GO., Lta. - Hallfax, N.S.

[rrGITERED.)

s MAGHEEOMAE” ek

REQUIRE NO BRICKWORK

AND GIVE THE

Highest rossible EEconomy

ROBB ENGINEERING GO., L1D. - FINHERST. N 3.

Please mantion the CANADIAN ELECTRICAL NEWS when corresponding with Advertisers
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TuoMas AHEARN. Warren Y. Sorek.

Contracting Electrical Engineers
e ey oS

AHEARN & SOPER

OTTAW.A, ONT.

CANADIAN REPRESENTATIVES OF THE

Westincrouse Ereetric & Mre. Co.

Slow Speed Slow Speed
Single and : Direct Current
Multiphase Dynamos
Alternators P ~and Motors

Electric Railway Equipments Complete. Transformers.
Celebrated Shallenberger Electricity Meters.

Sawyer-Man Stopper Lamps.

Ahearn Electric Heaters for Direct or Alternating Circuits.
Long Distance Power Transmission a Specialty.

NOTIG The Westigghouse Alternator is the Onlx Alternator

v of its type in which che Armature Coils are removable
and may be Kept in stock. Coils are lathe wound, thereby securing
the highest insulation. ~ All armatures are iron clad.

FOR ESTIMATES AND FURTHER INFORMATION, ADDRESS

AHEARN & SOPER - OTTAWA

Please montion the CANADIAN ELECTRICAL NEWS when corresponding with Advertise -2
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YULCANIZED FIBRE ((, =s=rmrism=n sems.
sos mmenmess o~ JARD) YULCANIZED FIBRE

In S8heets, Tubes, Rods, Sticks and special shapes to order. Colors, Red, Black and Grey.
SEND FOR CATALOGUE AND PRICES.
THE STANDARD ELECTRICAL INSULATING MATERIAL OF THE WORLD.

Factory: WILMINGTON, DDEL. OFFIGE: 14 DEey ST., NEW YORK.

MACHINE Steel Rim Pulleys are practicnlly
MOULDED unbreakable, are lighter and easieron
STEEL RIM shaft, anc - et same as cast pulleys.
[ ]
—_——— e — W ano GRIP ANY %« FURNISHED SPLIT

TURNED IN ANY LE .: HS UP TO 28 FEET.
SAVING OCOUPLIN. - STEEL OR IRON.
PERFEQTLY TRUE 2ND POLISHED.
KEY SEALED WHEN DESIRED.
A RING OILING AND RESERVOIR OJL BEARINGS. STANDS
FI FOR BEARINGS. WALL BOXES. SPECIALLY HEAVY
PATTERNS FOR ELECTRIC WORK. OUR SPECIAL
N G E R s FACILITIES SECURE YOU LOW PRICES
- =5 S8 W We s Ew = Www AND PROMPT SHIPMENT.

( BRANTFg::iDA) WATEROUS

Lonoon ELecTric Motos Co.

90 YORITY STREET
London, - Ontario.

MANUYACTURRRS OF

MOTORS, DYNAMOS AHD GENERATORS

Very highest efficiency guaranteed.  Send for circular

- L. A. MORRISON, TORONTO, Gencrat SALeS AGewT *  Agents WawTeD

Please mcntlonTﬁo CANADIAN ELECTRICAL NEWS wher corresponding with Advertisers
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PAGKARD - TRANSFORMER

24 size).

The Transformer can
be cut out of circuit and
a burned out fuse re-
placed without the use
of any tool whatever. .

“(anis ) ond asnd
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NO- SHORT CIRCUITS ® NO BURN OUTS

HIGHEST EFFICIENCY
PERFECT INSULATION

SPLENDID REGULATION

“ = : »

Your trial order is solicited, and if any Packard Transformer fails to give ENTIRE
satisfaction, we will allow full credit.

" THE . PACKARD : LAMP : CO.

Please mention the CANADIAN ELECTRICAL NEWS when corresponding with Advortisers
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G w HENDERSON Manufacturerand Contractor ELE(}TR"}AL SUPPUES

..... ESTIMATES FURNISHED FOR. ...,

Wiring and Installing Complete Electric Plants

EXPERIMENTAL APPARATUS, MODELS, PATTERNS.

LicHT MACHINERY AND COMMUTATORS.

ELECTRICAL APPARATUS OF ALL KINDS Rlil'.\lll{l’.l). 44 B]eury Street .......
STORAGE BATTERIES, 1JOCTORS’ AND DENTISTS ELECTRIC\L ,

APPARATUS AND MACHINERY. o (CORNER JURORS)

ELECTRIC AND GAS FIXTURES.
ELECTRIC FAN MOTORS. M ON I REA I

SOMOF'S FANCY AND MINIATURE INCANDESCENT LaMPS,

_—— STEAM PIPE AND BOILER COVERINGS

[ ]
Axbestos Goods Steam Packings

LANKIN PATENT

Cotton Waste Gaskets, &c., &c,

LARGEST AND BEST ASSORTMENT IN CANADA,

Ganadlan Mlneral Wool Go., Ltd. - 122 Bay Street, TORONTO.

MoxTrEAL AGENT: LEWIS SKAIFE, 707 Naw Yore Lirx Buaois. Telephone 2376.
LONDON MACHINE TOOL CO.,
LONDON, ONTARIO,

JANUFACI’URFJK 4} 4

Machinist & Brass Finishers’ Tools

A. B, WILLYAMS, General Aqent, TORONTO, ONT.

It is no longer necessary to import Carbon Points.

THE PETERBOROUGH GARBON AND PORGELAIN CO.

. can furnish them equal to any in the world, as they are .
MANUFACTURERS OF

Carbon Pomts for all Systems of Arc Light, Battery Plates, Carbon Brushes,
AND ALL KINDS OF PORGELAIN FOR ELECTRICAL AND HARDWARE LINES.

rneoBELTIN

.« EGEONTO " THE G MSLAREN BELTING CO. MONTREAL

Telephona $

THE BABCOCK & WILCOX

WATER TUBE STEAM BOILER

: IS NOW BUILT IN CANADA : :
Suitable for all puqxosus-—l\h]ls. Electric Lighting and R:u]\mys, Heating, Etc
Owver 1,000,000 Horse Power in use

Send for our book, STEAM—Free on application. <-ow Full information and Estimates furnished,

Head Opjice: 415 BOARD OF TRADFE BUILDING, MONTREAL.

E. G. FRENGH., : General Regent for Ganéda

BRANGH OFFICE : DESERONTO.



