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MINUTES

OPENING OF THE CONVENTION

The association met in the International Hotel
Parlors, Tuesday, June 8th, 1897, and the meceting
was called to order at 10.45 a. m. by the president,
Frederic Nicholls, who said:

**The members are rather slow in assembling. |
call the meeting to order without any unneccssary
delay. We intend to trv to conduct the proceedings
of the convention in a business-like manner, and [
think that if the members do not attend promptly
we had better go on with the work of the conven-
tion. I sce our first vice-president, Mr. Clay, is
present, and I would ask him to support mc on the
platform. Judge Armstrong, one of our valued
ex-presidents, is here, I am glad to say; I also saw
Mr. Ayer somewhere about, but I do not know
whether he is in the hall or not. 1 should like to
see these gentlemen on the platform.”



ANNOUNCEMENTS

THE PresipENT: We have been favored with a
number of letters of invitation to visit the various
industries that are being operated by Niagara power,
and I will read them in their rotation.

The president read the following letters:

“Ni1acara Faris, N. Y., April 27th, 1897.

“ FREDERIC NICHOLLS,
“ President The National Electric Light Association,
“ Toronto, Ontario.

“DEear Sir: As our city has been favored by
being selected by your association as the place at
which it is to hold its annual convention this year,
and as the power development here may be of interest
to at least some of the members of your association,
it affords the Niagara Falls Power Company great
pleasure to extend to you and, through yod, to -the
members of your association a cordial invitation to
visit its plant and power-house at the time of your
convention here, June 8th, 9th and 1oth. Should
the members of your associatiof desire to visit the
power-house in a body, we shall esteem it a great
favor if you will kindly advise us in advance of the
day and hour which will best suit your convenience.

“Very truly yours,
“L. A. Groar,

‘“ Secretary.”
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“ Ni1acara Farrs, N. Y., April 20th, 1897.

“ Freperic NicHorrs, Esq.,
“ President National Electric Light Aﬁsocmtlon
“New York City.

“ DEArR Sik: We shall be pleased to have you
and the members of your association visit our power-
house, or other institutions located on our property,
during your convention to be held in our city June
8th, gth and 10th next.

“Yours truly,
“ N1aGArRAa Farrs Hypravric Power axn Manu-
FACTURING COMPANY,
“By A. SCHOELLKOFPF,
“Secretary and Treasurer.”

“ Burraro, N. Y., May 11th, 1897.

“GEORGE F. PORTER,
*“ Secretary National Electric Light Association,
“New York.

“DEear Sik: 1 note with much pleasure that
your association is to hold its next convention at
Niagara [Falls June 8th, gth and 1oth. We are
pleased to extend: to you the courtesies of our com-
pany, and shall be pleased to have vour members
visit our station at any and all times. [ am,

* Respectfully vours,
“Geo. Ursan, Jr.,
* President.”
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“N1acara Farrs, N. Y., May 15th, 1897.

“MR.. GEo. F. PORTER,
‘“ Secretary National Electric Light Association,
““New York. -

“DEear Sir: We are pleased to extend herewith
invitation to the delegates who will attend the
twentieth convention of the National Electric Light
Association, to be held in this city June 8th, gth and
1oth, to visit our works at that time.

“We shall deem it a favor if you can advise us
two or three days in advance on what date you will
make it convenient to see us, and we shall use our
best endeavors to have matters so arranged as to
conveniently take care of the visitors.

“Yours very truly,
“Tue CARBORUNDUM COMPANY,
“W. H. A

“New York, May 28th, 1897.

“ GEORGE F. PorTER, Esq.,
‘“ Secretary and Treasurer National Electric Light
Association,
“136 Liberty street, New York, N. Y.

“DEARrR Sir: On behalf of this company, I take
pleasure in tendering to the members of your associ-
ation attending your annual convention at- Niagara
Falls, N. Y., on June 8th, gth and 10th, 1897, free
service over our long-distance telephone lines before
9 a. m. and after 6 p. m.

“ Yours truly,
“Epw. J. HaLL,
‘“ Vice-President and General Manager.”
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“NEew York, June 4th, 1897.

* MR. Frepekic NICHOLLS,
* National Electric Light Association,
“136 Liberty Street, New York City.

“DEear Sir: I am instructed by Mr. Montgomery
Maze, manager of the Grand Central Palace, to
extend to your association an invitation to meet in
this building next year, in case you decide to hold
your next meeting in this city, and if it shall seem
best for you to mect elsewhere, the invitation will
stand until such time as you decide to meet in New
York.

“All the accommodations of the building, which
most of your members are familiar with, will be at
your disposal without cost to your association, and
whatever assistance we can give you to make your
meeting a successful one. will be cheerfully extended.

“ B. E. GREENE,
‘“ Rental Agent.”

The following letters of regret were also read:

“CorRNELL UNIVERSITY, )
ITHAca, N. Y., May 17th, 1897. {

“ GEORGE F. PORTER, Esq.,
“136 Liberty Street, New York, N. Y.

“Dear Sir: Your letter containing an invitation
to attend the twentieth convention of the associ-
ation is at hand. It would give me great pleasure to
be present at the meeting, and unless absolutely pre-
vented by other engagements I shall endeavor to be
at hand.

“ Yours very truly,

“Epw. L. NicHoLs.”
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“ MoNTREAL, May 20th, 1897.

“G. F. Porter, Esq.,
‘“ Secretary National Electric Light Association.

“My DEear Sir: I beg to thank you for your
very kind invitation to the convention of the Electric
Light Association, but regret that engagements here,
and infirmity remaining after illness, must prevent me
from being present.

“Truly yours,
“WwM. Dawson.”

“ MOoNTREAL, May 17th, 1897.
“G. F. PorTER, Esq.

“My. DeEar Sir: 1 beg to acknowledge with
many thanks your communication of the 14th instant,
informing me that the twentieth convention of the
National Electric Light Association is to be held at
Niagara Falls on the 8th, gth and 10th of June. It
would give me very great pleasure to be present,
especially on the occasion of the president’s chair®
being occupied by a Canadian who is so much
esteemed as Mr. F. Nicholls. 1 fear, however, that
important business will prevent my leaving Montreal
at the time set apart for the convention.

“Trusting that the meeting will be a great
success, believe me to remain, .

“Yours truly,
“Henry T. BovEvy.”

“Tue University, Grascow, July 7th, 1897.

“For the address which I have had the honor to
receive from the National Electric Light Association
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of America, on the occasion of the Jubilee of my
Professorship of Natural Philosophy in the University
of Glasgow, I desire to express my warmest thanks.
I value very highly the great honor which it has con-
ferred upon me. The friendly appreciation of my
scientific work contained in the address is most grati-
fying.

“1 feel deeply touched by the great kindness to
myself, and the good wishes for my welfare, of which
it gives expression.

“ KELVIN."”

Tue PresipENT: 1 have also a letter from the
Chamber of Commerce, Nashville, Tenn., which I
defer reading until the afternoon session. 1 under-
stand that a number of gentlemen are here, some
from Indianapolis, some from Omaha—this is a letter
from Nashville—and other places,—all for the purpose
of inviting your association to visit their respective
cities. I think that this letter is the only one before
me at this moment, and I will defer it until the
others are read at the afternoon meeting of the con-
vention.

The president then read a letter from Wm. S,
Aldrich, West Virginia University.

“WEST VIRGINIA UNIVERSITY, }
“ MorgaNTOWN, WEST Va., June 4th, 1897.

«“ Mr. Freperic NIcHOLLS,
“ President National Electric Light Association,
“Toronto, Canada.

“DEaR Sir: After the late Hartford meeting of
the American Society of Mechanical Engineers, I
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called on some prominent New York parties inter-
ested in the matter of my paper before that meeting,
and they suggested that it might be well to bring
the principal features of the above paper to the
attention of your National Electric Light Association
in discussion of the report of the Committee on
Data. I have received copy of the latter, and here-
with inclose you copy of my paper alluded to above.

“I shall endeavor to be present at the coming
Buffalo meeting of the National Electric Light Asso-
ciation by Thursday morning, June 1oth, 1897. 1
can scarcely be present earlier, on account of our
annual commencement, which occurs here on the gth
instant.

“If it should be your pleasure, I shall prepare a
brief outline of my American Society of Mechanical
Engineers paper, to introduce discussion of report of
the Committee on Data at that time, advocating the
extension of the power plant ratings still further
along the most advanced and most recognized lines
of engineering development, that it be based on the
British thermal unit standard, as now in vogue, of
course, for pumping plants. Believe me,

“Very truly yours,
“WwM. S. ALDRICH.”



ADDRESS OF PRESIDENT NICHOLLS

Members of the National Electric Light Association.

GENTLEMEN : In arriving at a decision as to the
most suitable place at which to hold the twentieth
convention of the National Electric Light associ-
ation, the executive committee and your president
were guided largely by the desire to select a spot
where our members could have some practical illustra-
tion of the most recent advances in electrical develop-
ment as applied to everyday commercial use on an
extended scale.

Niagara Falls, New York, appeared to offer
superlative inducements as our place of meeting,
judged by this standard, and was accordingly given
the preference; and with a knowledge of the pro-
gramme that has been prepared for the instruction of
our members, and the many interesting features for
the entertainment of themselves and their friends, I
am confident that before the close of the convention
those present . will be unanimously of the opinion
that our choice was wisely made.

When we consider that only five vears since many
of us were in attendance at the fifteenth convention
of the Association, held in Buffalo, and were listening
to the discussion that followed Dr. Carl Hering's
paper on ‘ Transmission of Power,” even the most
danguine of us but little imagined that in half a
decade we should be holding our twentieth con-
vention at Niagara Falls principally with the object
of sceing and realizing the actual application of
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motive power derived from the falls to some of the
most novel and most important industries of the
country.

To ‘““harness Niagara” had long been a dream,
but is now an actuality, and who can foretell the
resultant progress and advancement that we may be
destined to celebrate within the next few years.

There is no parallel in history for such rapid
development of any industry as that of the manufac-
ture of electrical apparatus and its application; or, to
be strictly correct, and to quote ex-president of the
association Mr. M. J. Francisco, who is an authority
on the subject, the only parallel was when the world
was created in six days out of nothing. Five years
ago, we were discussing the possibilities of transmit-
ting power in small units to moderate distances ;
to-day, the problem is solved, and innumerable installa-
tions are¢ transmitting power in large quantities for
long distances, and yet we have only crossed the
threshold.

In this connection, I am of the opinion that the
lecture to be given to-morrow evening by Mr. L. B.
Stillwell will serve as a tidal mark. At the Buffalo
convention we occupied ourselves in discussing the
possibility, or otherwise, of transmitting Niagara
power to Buffalo; Mr. Stillwell's paper will set forth
the various actual applications of Niagara power at
‘the present time, including transmission to Buffalo,
and future presidents of this association will, in all
probability, refer to his paper and draw comparisons
when adverting to the strides which will by that time,
have been made in the wider utilization of this
mighty power which, for countless ages, has been
simply running to waste so far as any economic use
is concerned, and apart from its value as the greatest
scenic wonder of the world.
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I fully appreciate the honor of presiding at this
meeting which, for the reasons I have just referred
to, will be embodied in the annals of the association
as marking an historic epoch in the advancement of
the science of electricity as applied to industry, and
it is, therefore, with more than ordinary satisfaction
that [ am authorized to state that at no previous
period has this association been so prosperous, shown
greater vitality, or commanded such respect. It is
now an acknowledged authority on matters electrical,
its membership confers a privilege that has more than
a sentimental value, and its gathering strength will
offer a bar to the use of powers, municipal or cor-
porate, unjustly or arbitrarily directed to the purpose
of destroying the capital investment of those who
look to it for protection. .

In union is strength, and our membership to-day
numbers more active members than ever before; and
the financial statement to be presented in due course
by the chairman of the finance committee will show
that, after making provision for .all expenditures
necessary to maintain the usefulness of the association,
an unusually large credit balance is at your disposal.

It is certainly cause for congratulation that increas-
ing prosperity has been followed by an access of dig-
nity and influence, and that the more recent
meetings have been remarkable for the greater interest
taken in the actual work of the association, and
the lesser attention given to the merely social and
entertainment features of the programme.

The desire to make the twentieth convention
notably a business meeting has so far predominated
that we have neither asked nor accepted any favors
other than from the electric power companies and
several of the manufacturing establishments using
electric power for the operation of their works.
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Although several delightful and interesting excur-
sions have been arranged for, the association has
made, on behalf of its members, a business-like
arrangement for the several trips and excursions set
forth in the programme of the ccnvention, preferring
to pay our own way rather than tax the courtesy of
the transportation and other companies by accepting
deadhead privileges.

In view of the fact that I have had occasion to
communicate with our members from time to time
during the past year by the issuance of printed
‘“Interim Reports,” referring to the work undertaken
by your executive, it is unnecessary to give an
account of my stewardship in this address; but I may
say that many matters of urgent importance are
pressing for settlement, which will, doubtless, receive
the most careful attention at your hands during the
next few days.

The list of papers to be read at this convention is
an exceptionally good one, and the authors are of
more than continental reputation, and I therefore
trust that our members will show their appreciation
of the care and study given to the preparation of
these papers, by being present- in force at every
session and taking an active part in the discussions
that will ensue. Notwithstanding the progress that
has been made in the perfection of apparatus and
the application of new principles, there never was a
time when there was more to learn than now, and no
more fitting occasion is likely to present itself to us
to familiarize ourselves with the latest procedure in
our chosen profession; and the papers to be read,
and the discussions thereon, will find hundreds of
thousands of readers and students, thanks to the elec-
trical journals, of which we are all so justly proud.
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No other art, science, industry or profession has
been so well and faithfully served by an enlightened
and progressive technical press as our own, and who
can estimate the fair share of credit justly their due for
the part they have taken in aiding and advancing the
introduction of electro-motive force in its many and
various applications.

As we have a lengthy programme before us, and
several important reports of committees to receive and
discuss before we adjourn for midday recess, I now
declare the twentieth convention of the National
Electric Light Association opened and ready for the
transaction of business.

THe PresipENT: This morning’s session, as is usual
with the opening session of the convention, will
necessarily be short, and we will take up the usual
reports of committees in their regular order.  Some
of the chairmen, I understand, will ask to have their
reports deferred to a subsequent session, but I would
ask the gentlemen who are present, and those who are
not, to make an effort to attend the first actual business
meeting of the convention, this afternoon. 1 think it
is called for two o'clock. That will be a little early;
I will say half-past two o'clock, in order to give every-
body an opportunity to be present after luncheon.

The first order on the programme 1s the report of
the Committee on Standard Candle Power of Incan-
descent Lamps, by Dr. Louis Bell, chairman. 1 might
say, in this connection, that a very great deal of work
has been done toward this end since the last meeting
of the association, in New York. Very few of you
know the amount of work and the amount of corre-
spondence that has taken place between the chairman,
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Dr. Bell, and Mr. James I. Ayer, our past president,
who has taken a great interest in the subject, and I
think that this question is more nearly approaching a
solution than ever before. 1 have never, in my whole
experience, felt the utter hopelessness of fighting
against time as I have this year, in trying to get so
many matters absolutely concluded during my admin-
istration. Some of them have been happily carried
to a successful conclusion. Others are so far advanced
that I think my successor will have no difficulty in
bringing them to such a point that before the next
convention meets many of these important questions
of standardization will have been applied to a good
many of the leading articles of the electrical business.
I will call upon Mr. Ayer as one of the committee,

Mr. AvEr: Mr. President, Dr. Bell, at the last
moment, telegraphed me that he would be unable to
come to Niagara, and has furnished me with a rough
draft of a report. In fact, we sat up nearly all night
engaged in getting the report into shape. I have only
a pencil draft of it, not suitable to be read, and I would
ask that the matter be laid over until to-morrow, or,
perhaps, the next day, to give us an opportunity to
have the report prepared for presentation. It is of
interest, and, I think, will prove to be of value.

THE Presipent: Gentlemen, is it your pleasure
that the committee be allowed to report at a subse-
quent session? All those in favor say aye. Contrary,
no.

Carried.

THE PRESIDENT: The next report is that of the
Committee on Data, Mr. H. M. Swetland, chairman.

Mr. Swetland read a synopsis of the following
report :



REPORT OF THE COMMITTEE ON DATA

‘
My. President :

For a number of years this committee made
reports of the cost of electricity in pounds of coal as
shown in actual practice, the information having been
obtained by correspondence.

Following the instructions of the last convention,
the committee have confined the work for the past
year to the personal investigations of an expert, and
on this basis this report is respectfully submitted.

It is to be regretted that a large majority of
station managers do not desire to have their work
made generally public, and, as usual, the efforts of
the committee have been handicapped by this feeling.
That a free interchange of experience would be vastly
beneficial is clearly proven by the superior results
obtained from the organized effort in this direction
among the Edison companies.

We have called our expert, therefore, to consider
in detail the various losses which come under his
observation, and have endeavored to cover as wide a
range of equipment as was possible under the circum-
stances.

With this brief explanation the subjoined report
is respectfully submitted.

H. M. SweTLAND,
Chatrman.



To the Committee on Data of the National Electric
Light Assaciation.

GENTLEMEN : In your last report you submitted
returns from eighty-one electric light stations using
coal as fuel, showing the following results obtained
in actual practice :

Watt hours Lbs. coal

per 1b. coal. per kilowatt hour.
Maximum......... 237 4.22
Minimum.......... 33 30.3
Average........... 108 9.26

In your conclusions you called attention to the
fact that, at the Chestnut Hill pumping station at
Boston, an effective horse-power had been developed
on 1.34 pounds of coal per hour. If a steam dynamo
can be constructed and operated as efficiently as was
this steam pump, it will deliver 746 + 1.34 = 557 watt
hours per pound of coal and require only 1,000+ 557
= 1.8 pounds of coal per kilowatt hour.

I am asked to account for this difference between
the actual efficiency attained in the every-day practice
of electrical stations and the efficiency apparently
attainable in other applications of power. '

In the first place, the standard which you have set
is, purposely, no doubt, extremely high. The Chest-
nut Hill engine holds the world’s record for steam
efficiency, having developed an indicated horse-power
on a consumption of 11.22 pounds of steam per hour,
and embodies all the refinements of modern engineer-
ing. There is no reason why an equally efficient
engine can not be built and attached to a dynamo,
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should it appear advisable to incur the expense of all
this refinement for the attainable difference in expense
of maintenance.

There are steam dynamos now running on thir-
teen pounds of steam per indicated horse-power,
which, with a difference of fifteen per cent between
the indicated and electrical horse-power, and an evap-
oration of ten pounds of water per pound of coal,
13 X 1,000
.85 x 746 x 10
coal per kilowatt hour, and deliver 500 watt hours
per pound of coal; and these figures, actually attain-
able with existing steam dynamos for short periods
under test conditions, are what should be compared
with the record-making test of the pumping engine
in your report.

would require =2 (prox.) pounds of

Equivalenty§ Equivalent

Steam per horse-power hour. Coal per kilo- Watt hours

Indicated. Effective. watt hours. per 1b. coal.
11.22 13.4" 1.8 557
13 15.3% 2 500

Thus reduced, the question becomes one of account-
ing for the difference between results obtained by a
high-class engine, running under test conditions, and
those obtained by an entire station, under running con-
ditions involving not only the decreased efficiency of
the units under unfavorahle load conditions, but all
the standing losses of the station, inferior fuel, etc.
The difference will be made up mainly from the fol-
lowing items :

1. Decreased boiler efficiency.
2. Lesser normal efficiency of engine.
3. Impaired conditions of engines.

*Calculated from water pum against pressure.
tElectrical horse-power, m mu i
on evaporation of 10 Ibe. water per lb. coal.
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4. Unfavorable engine load.
5. Leakage.

6. Condensation.

7. Aucxiliaries.

8. Heating.

FiG. 1.

Much has been said of the disadvantage under
which electric light stations labor on account of the
wide difference between the minimum and the maxi-
mum loads, and thermal storage has been suggested
as a means of evading this loss of efficiency. It is
quite possible that this loss has been overestimated,
so far as the boilers are concerned.
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for the efficiency to follow the rate of evaporation
within the range there covered, it might be expected
to show itself here, but it will be seen that practically
as good results are obtained at over five pounds per
square foot of heating surface as at 1.75 pounds, and
the intermediate tests show no dependence on the rate
of evaporation. In Figure 2 I have plotted in the
same way all the tests of which I could find a record,
and in this wide range still no evidence is apparent
of any dependence of the boilers represented on the
rate of evaporation within the range covered. This
means that the variation of efficiency of boilers within
the range here comprised is less than the variations
due to different firing, etc.

Wm. H. Bryan, in a paper read before the Engi-
neers’ Club, of St. Louis, gives the data and tests in
which a battery of horizontal tubular boilers were
forced to more than double their rating with only the
following impairment of their efficiency:

O BT LERRET

g3 v E atoy X1 ™

g, SFIAC B FE L |

CHN - R B I B
| 18.075 .332  2.43 9.27 100.2  76.38
35.35 .650 4.33 8.80  181.09 70.33
43.68 .803 5.235 8.827 219.83 68.83

Here is a battery of boilers which were forced to
nearly double their rated capacity with a decrease of
only six per cent in their efficiency, and which could,
doubtless, have been diminished to one-third of their
rated capacity with a less impairment still. In other
words, with good management and an adaptation to
condition, these boilers would have taken care of a
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maximum load six times the minimum without suffer-
ing extremely.

"~ When a boiler is laid off completely, three methods
may be followed :

1. The fire may be banked so completely that
combustion is almost totally suspended, in which case
the pressure will run down if the boiler is cut off
from the main, and sufficient coal must be burned on
starting to restore the heat lost by radiation and bring
the boiler, contents and setting back to the running
temperature.

2. The fire may be covered and the damper closed,
but sufficient heat generated to keep up the pressure,
in which case enough coal must be burned to supply
the radiation loss.

3. The fires may be hauled and started new. In
this case the half-burned fuel is sacrificed more or
less, and much more labor involved.

It is when a boiler is thus practically laid off that
it becomes a drag, the coal used in maintaining
the fire in a condition to be started counting for
nothing, so far as steam production is concerned.
The engineer of a Philadelphia station, on a test
made at my request, found that it required 1,200
pounds of buckwheat coal to keep up a pressure of
125 pounds on two water-tube boilers, having each
fifty-nine square feet of grate surface. This was

1,200
24x2x59
surface per hour.

A five days’ test of a horizontal tubular boiler
showed a consumption of .35 pound of coal per
square foot of grate.

Another water-tube boiler in a five days’ test used

.5 of a pound per squarc foot of grate.
3

= .424 pound per square foot of grate
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A Lancashire boiler with mechanical stokers used
only .2 of a pound of coal per square foot of grate
on a seven days’ test.

Two other water-tube boilers, one on a seven days’
test and the other on a test of several days’ duration,
used, respectively, .7 and .5 of a pound of coal per
square foot of grate.

In each of these cases the boiler was shut off
from the main and no steam nor water taken from it.
The coal was used simply to maintain the pressure.
A moderate rate of combustion is twelve pounds per
square foot of grate per hour. Allowing .5 as the
average consumption while standing, the coal burned
by a boiler in" this way would be 4.17 per cent of
that burned while running at twelve pounds per
square foot of grate for the same length of time.

If a boiler runs sixteen hours a day at an average
rate of twelve pounds of coal per square foot of grate
per hour, and stands the other eight with a consumption
of .5 of a pound per square foot of grate per hour, the
coal used, while idle, will be 2.04 per cent of the
whole. If it runs half the time, the expense in coal,
while standing, will be four per cent of the total
amount. The following table gives the percentages
for different lengths of running and different rates of
combustion :
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iPERCENTAGE oF ToraL CoaL Usep IN IpLe Boirkrs
AT .5 OF A PounD PER SQuUARE Foor or
GrATE WHILE IDLE.
Hours Hours
Running. | Standing.| Average Rate Combustion per Square Foot Grate
While Running.
12 [ 15 18 20 | 24
23 1 .18 .15 .12 .11 .10
22 2 .33 .30 .28 23 .19
21 3 .59 47 .40 .36 .28
20 4 .83 .60 .55 .50 .41
19 s 1.08 .87 .66 .65 .55
18 6 1.37 1.10 .92 .83 .69
17 i 1.69 1.35 1.13 1.02 .85
16 8 2.04 1.63 1.37 1.23 1.03
15§ 9 2.44 1.92 1.64 1.48 1.23
14 10 2.89 2.33 1.99 1.75 1.44
13 11 3.40 2.73 2.30 2.07 1.70
12 12 4.00 3.23 2.70 2.44 2.04
3¢ 13 4.69 3.79 3.18 2.87 2.4
10 14 5.51 4.46 3.75 3.38 2.83
9 15 6.50 5.26 3.42 4.00 335
8 16 7.69 6.25 5.20 4.76 3.8¢
7 17 9-19 7.41 5.96 5.79 4.87
(] 13 .t 9.09 7.69 6.98 5.88

It has been a matter of surprise, in following out
this investigation, to find so moderate a difference
between the performance of the boilers reported for
long periods under widely varying capacities, and
charged with all the coal used for banking, etc., and
their normal efficiency under test conditions. This
difference is shown in the following table, where the
‘“test duty” is the best result obtainable under the
best conditions with the fuel used; the *actual duty”
is the number of pounds of water evaporated in a
long term of service, divided by the coal used in the
same period.

The third column is the ratio of the actual to the
test efficiency, showing how badly the efficiency was
impaired by the conditions of actual service.

With the exception of No. 11, the apparently low
efficiency of which was due to a low grade of western
coal, these results are surprisingly high.
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Ratio ActuallPer Cent Short] Hours Run
No. | Test Duty. ;Actual Duty. to Test. | of Standard. per day.
1 8.58 8.009 94.5 19.91 24
2 8.68 7.302 84.1 26.98 6-12
3 9.96 8 02 8.05 19.8 24
O 76 | cee. 2§ 24
5 10.5 9.96 94.6 4 23
6 | ..... 10.00 95.24 | ..... 24
7 7 6.14 87.71 38.6 24
14-20
s | ... 6.04 | eeeee | il { A,
9 11.2 9.83 87.71 12 24
10 10.8 9.85 97.72 8 24
) 3 S I 5.7 | ..... 42.5 24
12 | ..., 11.36 | ..... 13.60 24
13 7.50 | ... 25.00 12
14 | e 9.00 | ..... 10.00 24

In comparing the duties attained in practice with
the high standard established, it must not be forgotten
that the standard was attained with one of the best
steam coals procurable, with less than six per cent of
ash-pit refuse. The results which we are comparing with
this were obtained in many instances with coals having
a much lower evaporative value per unit of weight,
while their evaporative value per unit of cost may
have been higher. Where the grate surface is ample,
a very cheap grade of fuel can be used with a con-
siderable reduction of the cost, and it is suggested
that an economical advantage may arise from using
two grades of fuel in plants that run long hours
with widely varying loads; a good steaming coal with
which the boilers can be forced at the time of over-
load, and a cheap small coal which can be used to
advantage on the otherwise spare grate surface when
the load is below the average. The fourth column
of the table shows the percentage of difference between
the results actually obtained and the standard, ten
pounds of water per pound of coal, and is the per-
centage accounted for by the various causes affecting
the boiler efficiency. The efficiency of the boiler
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demands special consideration, for it affects directly the
whole efficiency. Inefficiency in an engine affects only
the steam which it uses, but inefficiency in a boiler
affects the cost of all the steam produced for all
purposes.
IMPAIRED CONDITION OF ENGINE

In the exigencies of central station work, it is not
possible always to keep an engine tuned up to its con-
dition of maximum efficiency, and managers of
stations will readily recognize that some of their
units, if tested just as they are running, would, from
one cause and another, fail to realize their best
efficiency. Valves and pistons become worn and
leaky, valve setting gets out of adjustment, stuffing
boxes leak, not only wasting steam. but impairing the
realized vacuum and increasing the work of the air-
pump. Notwithstanding these derangements, the
engine must be kept in commission, and its average
efficiency for the year is sure to be below its max-
imum efficiency, as determined by a test when it is in
its best possible condition. It is the average efficiency
of many engines working under these disadvantages
that we are comparing with the maximum efficiency
of an engine to every detail of which expert attention
had been given.

ENGINE LOSSES DUE TO UNFAVORABLE LOAD

The performance that we have taken as a
standard was accomplished at the load for which the
engine was particularly adapted. The performance
that we are comparing with it was accomplished
under all sorts of conditions ot over and under-load-
ing. Figure 3 is given by Prof. R. C. Carpenter*

® The Variatioa 1n Economy of the Steam ne Due to Vanation in Load. Pro-
ceedings American Institute Electrical Engineers, Volume X, 1893.
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curve rises very rapidly with an under-load, while, as
the load is increased, the diminishing ratio of these
losses carries the point of minimum consumption
further out, and it is seen that, while the steam rate
per indicated horse-power is least at one hundred, the
steam rate per kilowatt hour is least when the indi-
cated horse-power is ten per cent greater, and the line
rises less abruptly as the overload increases. It would
seem as though every station manager would know
the most efficient rate of output for each of his units,
and how badly they suffered from a departure from
this rate, but I found this to be in no wise the case.

The station that has a constantly changing load
is at the worst disadvantage from inadaptability of
units. The “load factor” proposed by Compton,
expressed by the ratio of the area within the load-
line to the area of the containing rectangle, is not a
fair expression for this disadvantage; for of two
stations, each having a ‘“load factor” of sixty, for
example, and one running six-tenths of the time on
uniform load, as in Figure 5, and the other all the
time on a constantly changing load, as in Figure 6,
the first will be at a decided advantage in this
respect. Its units, if adapted to their output, can be
run at their maximum efficiency, and the station is
better off even than a cotton mill, or other factory
with a steady load, for it has a long run without
interruption. It is to the fact that its load-line
approximates more nearly this condition that the
exceptional efficiency of the Brooklyn Edison No. 2
Station is due, and that an arc station is able to run
at a less coal cost per unit of output. With a
changing load like Figure 6, however, the units are
at their maximum efficiency only momentarily, as at
A, B, C, D. By plotting the engine blocks into the
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engine, the effect of such unfavorable loading may be
estimated.

It is quite likely that the importance of the
impairment of efficiency from this cause has been
overestimated. Even on the steep kilowatt curve of
the least efficient engine in Figure 4 it will be seen
that if all the engines in the station run all the time
at half load, the impairment would be less than thirty-
three per cent, and if they ran -all the time at fifty
per cent overload, the impairment would be only
ewght per cent.

A. G. Pierce and R. S. Hale, who have made a
careful study of the Boston stations of the Edison
companies, say : “In our test we have finally found
the variation due to causes which we first thought
negligible, to be more than the variation due to
change in load. As a matter of fact, the steam per
indicated horse-power in our two 200 units holds
within twelve per cent over a range from one-quarter
up to full output.”

LEAKAGE

It is probable that the loss by leakage is greater
than is generally supposed, and when the steam sup-
posed to have been consumed is determined by the
water-meter, leakage, either in the form of water or
steam, counts against the engine. In a surface con-
densing plant, if there were no loss by blowing off
or leakage, no water would have to be supplied to
the system after it was once charged. As a matter
of fact, a constant supply is necessary. At one of the
stations visited the leaks were about 2,000 pounds per
hour in the winter time, and in the summer, with
one-half the engines, two-thirds the boilers and all the
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heaters shut off, they were about 500 pounds per
hour; in another they were 3,500 pounds per hour.

When it is remembered that, with the high-class
engines which we are considering, thirteen pounds per
hour represent a horse-power, it will be seen that this
leakage may account for a considerable proportion of
the difference between the ideal duty and that
reported as actually attained. Some idea of the
amount of leakage encountered in marine practice
may be gleaned from a statement by D. E. Morrison,
in a paper presented to the Liverpool Engineering
Society, that, on a steamer having, on an average,
2,000 indicated horse-power, the fresh water added
daily was five tons, or about one and one-half per
cent of the total feed. This plant, he says, is excep-
tionally efficient, and cites another which required
fresh water to the extent of 10.3 per cent. The trials
of the ‘“Iona”, by the Research Committee of the
Mechanical Engineers, showed that the quantity of
water required to make up leakage was about six per
cent of the total feed, although, beyond a slight
leakage at the feed-pump gland during a portion of
the trial, there was nothing apparent to the many
observers which would account for such a loss. In
this connection we may recall that a large amount of
metered water is lost in the course of a year by
blowing down the boilers, opening safety valves, test-
ing water-gauges, etc.

CONDENSATION

All the water evaporated by the boilers does not
reach the engine in the form of steam, considerable
being condensed in the conducting pipe. In a test
this is allowed for and only the dry steam charged to
the engine. Recent experiments have shown that each
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square foot of bare pipe exposed under average con-
ditions will condense .85 of a pound of steam per
hour. It would take at this rate only fifteen square
feet to consume a horse-power (z e., thirteen pounds
of steam). Even when covered with a non-conducting
material, this loss is considerable, when it is considered
that not only the pipe, but all heated surfaces, are con-
tributing to it. If we allow the surfaces only one
fifth of this on an average, on account of many of
them being covered, we shall still lose one of our
standard horse-powers for every seventy-five square
feet of steam-containing surface.

Some conception of the combined losses, due to
leakage and condensation, may be gathered by imagin-
ing, or, better still, if practicable, actually trying the
experiment of keeping the plant under steam at run-
ning pressure with the engines turned on, but not
running, and weighing the amount of coal burned per
hour to keep up the pressure under these conditions.
The indications are that it will furnish in many plants
a surprisingly large percentage of the total coal con-
sumed.

AUXILIARIES

A large amount of steam is used by the auxiliary
engines about a station. While it is true that the
boiler feed pumps, for instance, develop little power
as compared with that of the main engines which they
supply, they are, as a rule, very extravagant in the
use of steam. The same thing is true of the ordinary
independent air and circulating-pump. There are also
in many stations small engines used for operating
automatic stokers, fans for artificial draft, coal-hand-
ling machinery, etc., the aggregate steam consumption
reaching a very considcrable figure. The steam con-
nections to these auxiliaries add very materially to the



45

complexity of the piping system and increase the
leakage and condensation losses. There is a move-
ment in the direction of replacing steam-operated
auxiliaries by those operated by electric motors, reduc-
ing the piping system to the utmost simplicity. At
a cost of, say, twenty pounds of steam per indicated
horse-power, and a loss of fifty per cent in its elec-
trical transmission and re-development, one would have,
at the point of application, only forty pounds of steam
per effective horse-power, against the scventy-five or
200 pounds required by the steam motors, displaced,
to say nothing of the reduction to be expected in the
radiation and leakage losses.

HEATING

The heating of the station usually follows from
the unavoidable radiation, but the offices, and often
considerable other space, are heated by exhaust steam
at the expense of back pressure upon the engines, or
by live steam from the boilers direct. Either of these,
while necessary, is a drag on the efficiency of the
station in kilowatt hours per pound of coal.

STARTING ENGINES

No inconsiderable amount of steam is used in
getting a large engine ready to put to work and
allowing it to “turn over” slowly for some time, as
is often done before it gets its load. ~One manager
assures me that a careful computation showed the
cost of starting up a large engine, including the labor,
oil, etc,, as well as the steam required, to be over
three dollars.

In the following table, I have undertaken to show,
for the few stations from which reliable data have
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been procurable, the proportions which the various
demands upon the coal pile bear to each other and to
the whole. The column headed *efficiency” shows
the percentage of the coal actually used that would
have been used by the standard equipment (10 pounds
of steam per hour and the electrical horse-power .85
of the indicated). Under ‘“engines” is the percentage
of the total coal consumed by reason of the lesser
efficiency of the engines; under ‘ conversion”, the
percentage of the coal consumed by reason of the
conversion losses exceeding the standard. The next
three columns give the percentage of the total coal
used to supply leakage, condensation and auxiliaries.
The column under “boilers” gives the percentage by
which the consumption was affected, by reason of the
fact that the boilers evaporated more or less than ten
pounds of water per pound of coal, while the column
of ‘‘unassigned” gives the aggregate of all the losses
not separately reported.
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STATION NO. 1

Incandescent, run 24 hours per day.

Average daily output, 13,600 kilowatt hours.

Coal per kilowatt hour, 8.3 pounds.

Watt hours per pound of coal, 120.5.

Boilers: Water-tube.

Average evaporation per pound of coal, 8 pounds.

Average feed-water temperature, 212 degrees.

Average boiler pressure, 125 pounds.

Coal : Buckwheat.

Engines: Vertical, compound non-condensing, four-
valve, direct-connected.

Water per hour per indicated horse-power, at best
efficiency, 25.8 pounds.

Water per kilowatt hour, at best efficiency, 37.5
pounds. '

Generators : General Electric.

STATION NO. 2

Incandescent, run 6 to 12 hours per day.

Average daily output, 1,400 kilowatt hours.

Coal per kilowatt hours, 6.24 pounds.

Watt hours per pound of coal, 160.4.

Boilers : Water-tube.

Average evaporation per pound of coal, 7.3.

Average feed-water temperature, 212.

Average boiler pressure, 125 pounds.

Coal : Buckwheat.

Engines: Horizontal, cross-<compound condensing,
high-speed, single-valve, automatic, belted to gener-
ators.

Water per hour per indicated horse-power, at .
best efficiency, 25.7.
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Water per kilowatt hour, at best efficiency, 39.3.
Generators : General Electric.

STATION NO. 3

Incandescent, run 24 hours per day.

Coal per kilowatt hour, 3.71.

Watt hours per pound of coal, 269.s.

Boilers: Water tube.

Average evaporation per pound of coal, 8 pounds.

Engines: Vertical, compound condensing, four-
valve direct-connected.

Water per hour per indicated horse-power, at best
efficiency, 15.5.

Generators : General Electric.

STATION NO. 4

Incandescent, run 24 hours per day.

Average daily output, 200,000 kilowatt hours.

Coal per kilowatt hour, 4.56 pounds.

Watt hours per pound of coal, 219.7.

Boilers : Water-tube.

Average evaporation per pound of coal, 7.5 pounds.

Average boiler pressure, 160 pounds.

Coal : New River and hard screenings.

Engines: Vertical, triple-expansion, four-valve,
direct-connected.

Water per hour per indicated horse-power, at best
efficiency, 15.

Water per kilowatt hour, at best efficiency, 23.5.

Generators : General Electric.

STATION NO. §

Arc and Incandescent, run 24 hours per day.
Average daily output, 15,600 kilowatt hours.
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Coal per kilowatt hour, 8.69 pounds.

Watt hours per pound of coal, 115.1.

Boilers: Return tubular.

Average evaporation per pound of coal, 9.g6.
Average feed-water temperature, 208.

Average boiler pressure, 125 pounds.

Coal : Bituminous, 2 parts; screenings, 1 part.
Engines: Simple non-condensing, belted to gener-

ators ; compound non-condensing, belted to generators.

Water per hour per indicated horse-power, at best

efficiency, 29.1.

Water per kilowatt hour, at best efficiency, 47.7.
Generators: General Electricc Thomson-Houston.

STATION NO. 6

Incandescent, run 24 hours per day.

Average daily output, 6,500 kilowatt hours.

Coal per kilowatt hour, 3.82 pounds.

Watt hours per pound of coal, 262.

Boilers: Return tubular.

Engines: Compound condensing, four valve, belted

to countershaft.

15.

Water per kilowatt hour, per indicated horse-power,
5
STATION NO. 7

Incandescent, run 24 hours per day.
Average daily output, 13,000 kilowatt hours.
Coal per kilowatt hour, 8.91 pounds.

Watt hours per pound of coal, 112.2.
Boilers: Water-tube.

Average evaporation per pound of coal, 6.1.
Average feed-water temperature, 180.
Average boiler pressure, 135 pounds.

Coal: Anthracite pea.
s
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Engines: Simple non-condensing, belted to gener-
ators ; compound non-condensing, belted to generators.

Water per hour per indicated horse-power, at best
efficiency, 28.

Water per kilowatt hour, at best efficiency, 45.

Generators: Bi-polar.

STATION NO. 8

Arc and incandescent, run 14 to 20 hours per day,
averaging 17.

Average daily output, 12,400 kilowatt hours.

Coal per kilowatt hour, 8.67.

Watt hours per pound of coal, 115.3

Boilers : Water-tube.

Average evaporation per pound of coal, 6 pounds.

Average boiler pressure, 160 pounds.

Coal: Kentucky slack.

Engines: Cross-compound condensing, direct-con-
nected ; tandem compound, belted to generators.

Water per hour per indicated horse-power, at best
efficiency, 28.

Water per kilowatt hour, at best efficiency, 45.

Generators: Westinghouse, General Electric and
Wood.

STATION NO. g

Arc and incandescent, run 24 hours per day
Average daily output, 2,700 kilowatt hours.
Coal per kilowatt hour, 6.64 pounds.

Watt hours per pound of coal, 150.6.
Boilers: Horizontal, tubuiar and water-tube.
Average evaporation per pound of coal, 9.83.
Average feed-water temperature, 140.
Average boiler pressure, 120 pounds.
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Coal : Clearfield and coal dust, one-half each.

Engines : Single-acting, compound condensing, belted
to generators. Simple, automatic, high-speed, non-
condensing, belted to generators.

Water per hour per indicated horse-power, at best
efficiency, 28.

Water per kilowatt hour, at best efficiency, 53.27.

Generators : Westinghouse, Thomson-Houston and
General Electric.

STATION NO. IO

Arc and incandescent, run 24 hours per day.

Average daily output, 3,400 kilowatt hours.

Coal per kilowatt hour, 8.62 pounds.

Watt hours per pound of coal, 116.

Boilers: Horizontal, tubular and water-tube.

Average evaporation per pound of coal, 9.8s.

Average boiler pressure, 112 pounds.

Coal : Bituminous, 4 parts; Yars screenings, 1
part.

Engines : Compound condensing and simple non-
condensing, belted to generators.

Water per hour per indicated horse-power, at best
efficiency, 28.5 pounds.

Water per kilowatt hour, at best efficiency, 38.1.

STATION NO. 11

Arc and incandescent, run 24 hours per day

Average daily output, 4,000 kilowatt hours.

Coal per kilowatt hour, 10.13 pounds.

Watt hours per pound of coal, ¢8.7.

Boilers: Horizontal, tubular and water-tube.

Average evaporation per pound of coal, §.75
pounds.
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Average feed-water temperature, 212.

Average boiler pressure, 115.

Coal : Screenings.

Engines: compound condensing, belted to gener-
ators; compound condensing, belted to countershaft.

Water per hour per indicated horse-power, at best
efficiency, 22 pounds.

Water per kilowatt hour, at best efficiency.

STATION NO. I2

Incandescent, run 24 hours per day.

Average daily output, 4,300 kilowatt hours.

Coal per kilowatt hour, 7.45 pounds.

Watt hours per pound of coal, 134.3.

Boilers : Horizontal, tubular.

Average evaporation per pound of coal, 11.36
pounds.

Engines: Four-valve, simple; single-acting, com-
pound ; single-acting, simple.

Water per hour per indicated horse-power, at best
efficiency, 34.3 pounds.

STATION NO. 13

Incandescent, run 12 hours per day.

Average daily output, 5,000 kilowatt hours.

Coal per kilowatt hour, 7.33 pounds.

Watt hours per pound of coal, 136.5.

Boilers: Horizontal, tubular.

Engines : Tandem compound, four-valve, condensing.

Water per hour per indicated horse-power, at best
efficiency, 20 pounds.

STATION NO. 14

7c and incandescent, run 24 hours per day.
Average daily output, 124,000 kilowatt hours.
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Coal per kilowatt hour, 5.68 pounds.

Watt hours per pound of coal, 176.2

Boilers : Horizontal, tubular.

Average evaporation per pound of coal, 9 pounds.

Average feed-water temperature, 120.

Average boiler pressure, 115 pounds.

Coal: Tennessee, run of mine.

Engines: Tandem compound condensing, belted to
jackshaft ;. double tandem compound, non-condensing,
belted to jackshaft; crosscompound, belted to gener-
ators. :

Water per hour per indicated horse-power, at best
efficiency, 17.5 pounds.

Water per kilowatt hour, at best efficiency, 26.65
pounds.

Generators : Thomson-Houston, Eddy, Wood and
Detroit.

F. R. Low.

DISCUSSION

MR. SweTLAND : | wish to say further, in present-
ing this report, that I feel that, during the six years
that this work has been in my hands, there has been,
perhaps, some good work done for the association.
We have, I am sure, in some cases, stimulated an
exertion to better work. I do feel, however, that the
work has not produced the results, and this report
does not show the results, which I hoped to present
to you. There is this to contend with in the work:
In the first place, the station manager does not like
to have his private work laid before the public, and I
feel that in a public convention of this kind we can
not get for distribution such a report as can be
obtained by associations where the work is more pri-
vate, as, perhaps, the Edison organization. It seems



54

to me, therefore, that the conduct of this work in future
would perhaps be better if confined entirely to the
hands of the secretary, letting him secure such infor-
mation as can be obtained by correspondence, without
any further expense to the association.

I desire to thank the members for their co-opera-
tion in the work, and I feel that they have done all
that could be expected; and, for my part, I have done
my best to serve you. Mr. President, perhaps it is
not necessary to read the report.

THe PresiDENT: No, I think it is unnecessary,
Mr. Swetland, because it has been in the hands of
every active member for some weeks past.

I think it is my duty to advise the association of
the very great interest that has been taken this year,
by Mr. Swetland, in the preparation of this report. We
have had several interviews. He has visited me at
my home in Toronto, and I have made several trips
to New York to visit him, in connection with other
association matters, and we have tried to devise a plan
whereby we could make this report much more inter-
esting than ever before. We appreciated the fact that
if you ask people to do anything voluntarily it is
sometimes apt to be neglected, and so we decided, in
our efforts to make this report appear before our
members in a manner that would be satisfactory to
us, to engage an expert gentleman to visit the differ-
ent central stations, to secure and give this informa-
tion at first hands. However, while I think we have
a much more interesting report than we have had in
the past, it is not satisfactory, and I doubt very much
the wisdom of continuing this particular committee.
The central station managers (and I can hardly blame
them) are more or less diffident about giving to this
association the information—the actual private informa-
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tion—as to costs, maintenance, etc., with which only
can it be as valuable as such a report should be.
However, the matter is in your hands. [f some gen-
tleman that is acquainted with the work of the com-
mittee will move for its discharge or for its retention,
either one way or the other, the question will be
taken up.

A MEeMBER: | move that the committee be dis-
charged.

MRr. Begcs: I should like to add to that, Mr.
President, that the work the committee has heretofore
done devolve upon the secretary of the association, as
has been so well suggested by the chairman of that
committee. If you recollect, I urged this course a
year ago. I felt that this was work that ought natu-
rally to go to the secretary’s office. In his official
capacity, much of these data could be obtained during
the year. Therefore, I would suggest that the duties
of the committee be dispensed with, and that they
devolve upon the secretary of the association instead
of upon a special committee.

THE PRESIDENT: You have heard the resolution,
gentlemen, to discharge the committee. Is it your
pleasure that that committee be discharged ?

Carried unanimously.

Mr. Aver: I want to offer thanks to the chair-
man of that committee, who has served this associa-
tion so faithfully in that capacity. There are few who
realize how much Mr. Swetland has done in that
direction, except those that have been associated with
him. I do not think it necessary to speak on that.

JupGe ARrMsTRONG: I was very sorry, Mr. Presi-
dent, to see the committee discharged, only for the
reason that we are dispensing with the services of Mr.
Swetland, which he has given us for several years in
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this capacity, and the report of this committee has
invariably been of great value. He has always
lamented that he could not make it perfect because
of the difficulties referred to here in his report; but
he has given us every year and at every convention
very valuable information; and while I acquiesce in
his suggestion, in the suggestion of the chair and in
the suggestion of the gentleman who made the motion,
I do so with regret, and am very happy to join in an
expression of our thanks—not merely perfunctorily,
but our real thanks—to Mr. Swetland for what he has
done for us.

THE PresiDENT: It has been moved by ex-Presi-
dent Ayer and seconded by ex-President Armstrong
that the thanks of the association be tendered to Mr.
H. M. Swetland, chairman of the Committee on Data,
for the work that he has done for the association in
the past. Is it your pleasure that the motion carry?

Carried.

THE PRrESIDENT: Mr. Swetland, it gives me, as the
retiring president, particular pleasure to be able to
advise you of this motion that has been unanimously
carried. I think that I know more, perhaps, than
any one else the self-sacrificing work that you have
done during the past year, and I am quite sure that
this vote of thanks to you is genuine and sympathetic
on behalf of the members of the.association.

THE PReEsSIDENT: The next report is that of the
Committee on Standard Electrical Rules, Captain
William Brophy, chairman.

CapraIN Bropuy: It was only last Saturday that
the committee of which I was a member, to formu-
late and amend the national code, held its last meet-
ing. My report could not be written until after that.
It is now in the hands of the typewriter, and will be
ready in the afternoon.
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THE PRESIDENT: You wish to defer the presenta-
tion of your report until this afternoon, Captain?

CapTaiy BropHy: Until this afternoon’s session.

THe PresipenT: I think we have time before us,
and I will ask the chairman of the finance committee,
Mr. John A. Seely, if he is ready to present his
report.

MR. Seery: I am ready, Mr. President.

THe Presipent: We shall be very pleased to have
you report now, Mr. Seely. I should like you to come
forward, because I am sure all those members who
have not already seen you are very anxious to have a
glimpse of you.

MRr. Seery: Thank you, Mr. President.

Mr. Seely then read his report as follows:

FINANCIAL REPORT FOR YEAR 1896

RECEIPTS

Active membership dues for the year 1896. .$2,550 oo
Active membership dues for the year 1897.. 150 oo
Associate membership dues for year 1896.. 1,590 oo

84,290 oo
National Electrical Exposition Company..82,000 oo
Sale of Report of Nineteenth Convention.. 350 oo
Sale of badges................ e 143 oo
Sale of publications...................... 22 oo
Advertisements in proceedings............ 180 oo
————— 2,695 00
Total receipts...........coeiiiiiiiennnnn. 86,985 oo
Balance in bank January 1, 18¢6........... 8716 90
Balance in petty cash January 1, 18¢6..... 21 75
— 738 65
87.723 65
DISBURSEMENTS
Salary of Secretary...................... 82,000 oo
Rent. ... ..ttt eiiaen 401 20
Fumiture............... ... ..ol t 165 oo

Printing and stationery (including pro-
ceedings and papers read at meetings).. 2,143 34



Entertainment.............ooovviieiinnn, $69 o5
Testimonials .................cociiinea., 50 0o
Sundry expenses.......... .ottt 31 o8
Rebate to associate members............. 10 wo
Stenography and typewriting (including
report of convention)................... 1,018 28
Traveling expenses...................... 153 11
Badges .......cviiiiiiiiiii i 204 74
Postage and telegrams................... 91 91
$6,337 11
Balance January 1, 1896...........coiiiiiL, $1,385 94
Balance in bank January 1, 1896.......... $1,446 23
Debit to petty cash January 1, 18¢6..... 6o 29
Net balance.........oeuneeeneeennnn. $1,385 94
ASSETS
Cash as per above statement.............. $1.385 94
Cash in hands of Finance Committee...... 889 29
Office furniture, as appraised by Finance
Committee............ccciviiiiiinnnnn. 297 0o
$2,572 23
LIABILITIES
None

THE PresipENT: | am sure, gentlemen, that you
must all be satished with the present showing of the
finances of the association. We have absolutely no
liabilities. We have surplus assets amounting to over
$2,500. It is only a year or two since that we were
rather heavily in debt, and were calling upon certain
of the liberal members of the association to help make
up the deficitt The association has got a fair start
now; and while I do not see the advantage, in an
association of this kind, of accumulating a large fund
or a credit balance, I am gratified to think that the
association is in such shape that if any opportunity for
good work arises to help onward our interests for the
benefit of the active members—the central station
members—we have the wherewithal with which to
undertake such work.
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There are a few announcements that I should like
to make before I declare this meeting adjourned.
Before doing so, I should like to afford an opportun-
ity to any members who have any matters that they
wish to bring before the meeting, or that they would
like to notify the chair of their intention to bring
before any subsequent meeting of the association.

MRr. SEeLy: Mr. President, I desire to give
notice to the chair that I shall move to change the
by-laws to the effect that the retiring presidents shall
all become honorary members of the association.

THE PresipENT: 1 will let that stand as a notice
of motion, Mr. Seely. Has any other member any-
thing about which he wishes to notify the chair?



ANNOUNCEMENTS

THE PresiDENT: The secretary has asked me to
request the members to turn in their railroad certif-
icates to the secretary’s office, in order that they may
be properly indorsed, so that the member owning a
certificate will be enabled to secure the reduced rate
when purchasing his return fare.

I have also been asked to announce that the
books of coupon tickets, for various excursions in the
neighborhood of the Falls, are for sale at the secre-
tary’s office. The price is one dollar. The ordinary fare
for the various trips amounts to $2.85. The coupon
tickets include a trip of about thirteen miles on the
Canadian side of the river, to Lewiston, the Falls and
Chippewa; include the trip down the Gorge road,
a trip up the Tower, on the ‘“Maid of the Mist,’
across Suspension Bridge, across the ferry at Lewis-
ton, and other attractions. The association has made
such arrangement on behalf of the members that we
are enabled to offer these coupon books for one
dollar, the regular fare being $2.85.

If there is no other business to come before the
meeting, a motion to adjourn until 2.30 o'clock this
afternoon will be in order.

On motion of Judge Armstrong, seconded by Mr.
Ayer, the convention took a recess until 2.30 p. m.
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SECOND SESSION

President Nicholls called the convention to order
at 2.30 p. m.



ANNOUNCEMENTS

THE PRrESIDENT : Gentlemen, I have to announce
that after the close of this afternoon’s session we
intend to proceed to the power-house of the Niagara
Falls Power Company. We have an invitation, and
they will be expecting us between five and six
oclock ; so that, immediately -after the close of the
meeting this afternoon, those of the delegates who
wish to inspect the great developments of the Niag-
ara Falls power will have an opporturity to do so.

I might also announce that we intend to accept
the invitation extended to us by the Carborundum
Company, to visit their works at the close of the
session to-morrow afternoon. The process is very
interesting, and I am sure the visit will be one of
both pleasure and profit to every member, and I
hope every one will make a point of being present
when we visit the Carborundum Company’s works.

The secretary has handed me a letter, dated June

2d, signed by the Erie Gas Engine Company. 1 will
read it and refer it to the association, to take such
action upon it as they may deem proper. The
names of several companies are mentioned in the let-
ter, but I do not think it my province to mention

them here.
“June 2d, 1897.

“ National Electric Light Association,
“New York city, N. Y.

“GENTLEMEN : A technical paper devoted to the
electrical trade, and a paper devoted to the gas






'64

Erie, Backus engines, as well as Otto engines, the
owners of which would doubtless be willing to have
them tested, it will be seen that comparative results
can, at the same time, be obtained.

“We should be pleased to pay the expenses of
said committee from the Falls to Erie and return,
and beg to assure them in advance that if our invita-
tion is accepted they will be well taken care of. We
make no requirements in the case as a condition
precedent of the acceptance of “our invitation, except
that the committee make its report, in accordance
with the facts, to your honorable body, and that a
copy of said report be given us by your committee
at the same time that the original report is sent in to
your body.

“We trust you will accept this invitation, both in
the interest of knowledge, as well as to enable us to
demonstrate to the readers of the journals referred to
that there is one gas-engine company that has both
the ability and the disposition to furnish data to
such people as know what data they want.

“Yours truly,

‘“ERIE Gas-ENGINE CoMPANY,
‘“ Manufacturers ‘Climax’ Gas Engine,
“Max H. C. BROMBACHER,
‘“ Eastern Representative.”

Tue PresipENT: Has any one any motion to
make in reference to this?

MRr. AvEr: Mr. President, if anything of that
nature is in order, I think we have among our asso-
ciate membership here a large delegation who would
like to prepare similar invitations and offer the
articles of their product for test. I think that a
motion is in order that the letter be laid on the
table.
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THE PresipenT: Gentlemen, it has been moved
by Mr. Aver that the communication be laid on the
table. Is it your pleasure that the motion be declared
carried ?

Carried.

Tue PresipENT: Before we proceed with the reg-
ular business of the convention, I might say that
there ' are some gentlemen here, with the object of
inviting the association to meet at Omaha, Nebraska,
and at Indianapolis, Indiana. There is also a letter
from the executive office of the Trans-Mississippi and
International Exposition, of Omaha, Nebraska, dated
May 25th, addressed to the National Electric Light
Association. It reads as follows :

“Owmana, Nes, May 25th, 1897.

“ National Electric Light Association,
“ In Convention Assembled at Niagara, N. Y.

“I take pleasure, through our Commissioner of
Electricity, Prof. R. B. Owens, in extending to vour
association a cordial invitation to hold its annual
meeting, in 1898, in the city of Omaha, Neb. [ beg to
call your attention to the fact that a great. exposition
of the arts, industries and civilization of the trans-
Mississippi country will be held in this city from June
ist to November 1st, 1898. This exposition will cele-
brate no centennial in the history of this country, but
will fittingly commemorate the close of the first half
century of its history—a period teeming with great
events, onc of the greatest of which has been the
building of a mighty empire of twenty-four States and
territories west of the Mississippi River.

“ During this period of development, the greatest
achievement of science has been in the field of clec-
tricity, and at this exposition no small part will be
devoted to electricity.

6
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“We invite you to this beautiful city next year.
and tender to you the free use of an auditorium for
your deliberations. We ask you to come to the gate-
way of the trans-Mississippi country, where the prod-
uct of the best thought and inventive genius in all
departments of electricity will be on exhibition.

“Yours truly,
[
“GorpoN W. WATTLES,
“ President.”

THe PresIDENT: I believe Professor Owens is in
the room. I therefore have much pleasure in extend-
ing to him an invitation to address the convention,
briefly, in favor of Omaha as our next meeting place.

Proressor Owens: Mr. President and Gentlemen,
I believe it has been some years since the association
has held an annual meeting in the West—some five
years, I believe, or will be at that time. 1 believe
that Omaha will offer exceptional facilities next year
for holding such a meeting as the annual meeting of
this association. I believe the membership in the West
will be strengthened. 1 know the geographical center
is about Omabha; not of the membership, however.
As stated in President Wattles's letter, it will be
attempted to make electricity the feature of this
exposition. Those manufacturers who have been com-
municated with have signified their willingness, and
desire to participate largely in this exposition. The
railroad rates will be exceptionally good. Omaha is
only one night's ride from Chicago, and the author-
ities of both the exposition and the city of Omaha
will extend every courtesy to the association if you
will do us the honor to come to Omaha at that time.

Tue PresipeEnT: Mr. Evans Woollen, a gentleman
from Indianapolis, is here to represent the claims of
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that city. If he is in the room, I should like to
accord him thc same courtesy.

M. WooLLex: | thank you, Mr. President. My
first promise, gentlemen, is that I will not take more
than a minute and a half or two minutes of your
time. Admiral Brown, when he was retired from the
navy a week or two since, announced that he intended
to spend the rest of his life in the most beautiful
city of America. It is to that city that we have been
sent to invite you to come for your next meeting.
We were sent—my colleague, Mr. Perry, and myself—
by the Commercial Club of Indianapolis, whose mem-
bership includes 1,000 business and professional men,
and whose bank account justifies our promises. The
promises that we make you are not made irrespon-
sibly. We were instructed by the club’s board of
directors to promise you that if we are honored by
the acceptance of our invitation, your comfort and
pleasure will be provided for adequately. You may
ask the sound-moncy democrats how their convention
was entertained last January; and I am assured by
Mr. Perrv, my colleague here, the secretarv and treas-
urer of our light and power company, that we can
also promise you an exhibition of one of the best
central stations in the country. There are three facts,
gentlemen, to which I wish to call your attention:
First, that, according to the census of 18go. the exact
center of population of the United States is twenty-
three or twenty-four miles from Indianapolis: second,
that sixteen competing railway lines radiate, spoke-like,
from our Union station, and, third, that four hotels
of the first class afford metropolitan accommodations
for at least 2,500 guests. We want you, gentlemen.
Two of us have come several hundred miles to tell
vou how much we want you. ‘We want you, not for
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the money that you will spend in Indianapolis, but we
want you there that we may know you, and that you
may know us and our beautiful city. We want you
for the good things that we know you will say about
us after you have experienced our hospitality. I thank
you.

Vice-PrReSIDENT Cray: Mr. President, I am sure
each delegate here appreciates the kindly spirit that
has prompted these invitations for the association to
meet at these respective places. There was also a
communication presented this morning extending a
‘similar invitation from the city of Nashville, Tennessee.
I believe that it will hardly be possible for this con-
vention to select from among these three invitations
the one that we should accept, and I therefore move
you that the invitations be referred to the executive
committee.

THeE PresipenT: It is moved and seconded that,
as is usual, the invitations be referred to the executive
committee to be acted upon. Is it your pleasure that
the motion carry ?

Carried.

THE PresipENT: I might say here that a photo-
graph of the delegates will be taken immediately after
the close of the session to-morrow morning.

Invitations to Mr. Stillwell’s lecture, to be held in
the Park Pavilion to-morrow evening, can be had
upon application to the secretary.

Tae PresipeEnt: I have much pleasure in calling
upon Mr. Cahoon, of Elmira, New York, to read his
paper, entitled ‘“The Establishment of a Base Price
for Current,” a very attractive title and most interest-
ing subject.



THE ESTABLISHMENT OF A BASE PRICE FOR
CURRENT

NOTES ON CENTRAL STATION DATA

If we omit stations in the larger cities, where the
population is concentrated, and let our minds wander
over the general run of stations situated throughout
the United States, how many of these, if they were
asked the question, “ Does incandescent lighting pay ?”
could answer the question affirmatively? Suppose the
stations that are at prcsent supplying their respective
cities and towns with arc lights should have this
source of revenue taken away from them, what would
be the result? Could they survive upon the incan-
descent lighting that they do, combined with the
power that they furnish for stationary motors? I
think we may safely answer, No. The money-earning
factor of the station would have disappeared ; there
would remain but the chaff. From one quarter and
another we hear rumors of this and that town deciding
that they think it is for their best interests to become
owners of their own electric light plants for lighting
their streets; and no electric light station exists at
present but is subject to this menace; a turn of
the wheel may bring them face to face with a crisis
of this kind any day. The stations were built in
good faith and the owners expect to obtain a fair
return for their investment ; such returns at the present
time come largely from the fact that they have a
contract with the city for arc lights, which yields
them a good revenue and a fair profit on their invest-
ment, and in many cases the arc lighting is the only
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branch of the station that really pays, and upon it is
thrust the burden of carrying the whole company.
The incandescent lighting either does not pay expenses,
or just barely does so, while in a great many stations
the amount of power sent out over the lines for the
operation of stationary motors is not enough to count
as a very serious factor in the operating receipts or
expenses. To bring incandescent lighting up to as
profitable a basis as arc lighting is a serious problem,
now that the people are accustomed to obtaining
incandescent lights so cheaply, and certainly some
stations are so situated that they can not do it;
others can by making a fight for it. Certain classes
of stations are still giving flat rates in many instances,
and the solution of the problem for them is to change
over to meters and make the meter price one that
will be equitable, both to the company and to the
consumer. Where the charge has been too high, there
will be, of course, no opposition encountered to a
reduction, and in such cases it will be necessary for
each company to study the situation carefully and see
whether it is wise for them to continue charging the
high rate or to change over to a just rate, founded
on a substantial basis, and give the custoimer the
benefit of the reduction. In such cases it is a
question as to what is the best policy for the
company to pursue. If it be decided that it is good
policy to make a reduction to an equitable rate, then
on what basis shall the company work? The thought
has occurred to me, that it might be wise for the
convention to adopt what may be called a standard
rate, based on some factor or factors that will admit
of application to every station in the country.

A careful analysis of the prices paid per kilowatt
hour for incandescent light in different sections of the
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country, seems to show that, in many instances, prices
charged are based upon what somebody else has
charged, rather than on what ought to be charged in
view of the cost of the principal items entering into
the operating expenses at each particular place. The
two main factors that enter into operating expenses
are wages and coal. If we separate wages into their
natural subdivisions—administrative, distributive and
productive—we find the amount expended directly for
producing the current to be the dominating one in
the matter of the cost of furnishing current to the
consumer. Comparing the productive wages, we find
that in different sections of the country there is very
little variation in the amount paid to the engineer, to
the fireman, to the coal-heaver and the auxiliary help
in the machine-room, so that, for practical purposes,
it would not do to base the price of current on this
factor alone. It is nccessary, therefore, for us to
look farther and seck some factor that shows a
decided variation, and, at the same time, is one of the
principal factors in the cost of producing current.
The factor that seems to fulfill such conditions is
coal. A glance over prices paid for coal in different
sections of the country shows a very wide variation,
and, at the same time, a consideration of the coal
itself, as to its quality, shows a variation in evapo-
rative power per pound of coal; which variations
ought, strictly speaking, to enter as a factor in deter-
mining price, and, in order to get accurate results,
should be so used: & e, placing evaporative power
of first quality coal at 12, then the price paid for coal
should be multiplied by the ratio between 12 and the
evaporative power of the coal used to determine the
true value for copparison.

In determining a base price which should be
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charged per kilowatt nour, it is necessary to start
with some kind of coal at a certain price, and which
enters as a certain per cent into the operating
expenses. For this purpose, bituminous coal, with
evaporative power of 12 and price $2 per ton
delivered at the bunkers, has been taken, and it s
assumed that with this coal at the price mentioned,
it enters as a factor at practically 25 per cent of the
total cost of operating expenses of the company, said
operating expenses including every expense attendant
upon the production and distribution of the current
and the administration of the company, also including
taxes and insurance, but not expenditures for wiring
of buildings or fixed charges. For example :

Assuming cost of operating expenses at $40,000,
cost of coal as $10,000 at $2 per ton, we obtain the
cost of coal as 25 per cent of the operating expenses.
This gives one point of a curve which may be plotted
for showing the effect of variations in the price of
coal, other expenses remaining the same. Going
further and plotting a curve on this basis, if the price
of coal is $1 and other expenses remain the same,
we then have the total cost of operating expenses as
$35,000, of which coal is $3,000, or 14.28 per cent.
If coal is $4 per ton, the operating expenses are
increased $10,000, and total operating expenses become
$50,000, of which coal costs $20,000, or 40 per cent. *
In a similar manner, using other per cents, other
points may be determined and curves drawn through
these points, the curves partaking of the form of a
parabola passing through the origin; such curves are
shown herewith; the division of the scale of ordi-
nates being dollars, and of the abscissa per cent.

If, now, we fix on 20 cents per kilowatt hour as
the price which the consumer should pay on a basis
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of coal of evaporative power 12 and price $2 per ton,
then if the same quality of coal can be obtained for
$1 per ton, the price per kilowatt hour should be
multiplied by one minus the per centum corresponding
to the price of $1 per ton, or 20 X(1 — .1428) = 17.144;
and if the price of coal be doubled, or $4 per ton,

the price per kilowatt hour should be 20 x(1 4+ .40) = 28;
the rule being to make the price, where fractions are
obtained, the nearest whole number: thus, coal at $1
gives 17 cents per kilowatt hour.  Similarly, the
price that we should charge for arc lighting and power
should be referred to the same standard. It should
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be clearly undersiood that the above assumption of
coal 2t $2 per ton, and entering as 25 per cent of thc
total operating expcnses, is only made for the purpose
of obtaining a starting point to precsent this idea to
the members of the convention. In order to work
on a satisfactory curve, and one that will fit the con-
ditions of individual stations, each must figure out
what per cent of their opcrating expcnses coal would
be if they had to pay $2 per ton for standard coal,
and start with this per centum as a basis on which to
determine the proper curve for their own particular
case.

Suppose each station were to make such a curve,
and from it work out for itself thc price which it
should charge for current, and compare the price so
obtained with the price that it is actually getting.
This would then show whether the price should be
advanced, in order to show a fair margin of profit.
This is offcred to the convention as a suggestion for
the purpose of bringing the subject up for discussion
and for determining whether, in the opinion of the
convention, it is advisable to establish such a basis,
and, if it is wise to so establish a basis, whether it
should recommend its adoption to the members.

Intimately connected with the price that should be
charged, is the determination of the cost per kilowatt
hour. Each station has certain blanks which they
use, largely with the view of enabling the superin-
tendent or manager to determine the output and its
cost, and it seems to me that the question of such
blanks offers a fruitful theme for discussion. There
are numerous blanks used in many stations that are
merely for the purpose of keeping track of supplies,
etc., and of which it is not necessarv to treat, as each
station manager has his own ideas on this subject,
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and they concern no one but his own comnpany ; but
thc question of blanks for showing output of the
station and its cost is one that may well be discussed
by the members of the convention, and an effort should
be made to secure a standard set of blanks that will
show these points in such a clear way that the infor-
mation may be available for comparison and discussion
in the conventions. [ present herewith specimen
blanks which show the system designed for our sta-
tion, and among them will be noticed two forms of
dynamo tender’s report, marked A and B, respectively.
The former we used prior to putting recording watt-
meters on the alternating circuits, and the other, which
we are now using, since the introduction of the watt-
meters. The first blank entailed a considerable amount
of work, and nccessarily gave only an approximate
result, but it was better than having no record
at all, and, in one sense, the second blank, marked B,
gives an approximate result also, as no recording watt-
meters are used on the arc circuits. You will note
on blank marked A that hourly readings of the alter-
nating-current volt and ammeters are taken from ten
o'clock p. m. of one day to three o'clock p. m. the
next day, this being during the light-load hours, when
the variations are small; during the heavy-load hours,
from 3 p.m. to 10 p. m, half-hourly readings arc
taken. Many of the smaller stations would not fecl
warranted in going to the expense of purchasing
recording wattmeters for their incandescent circuits, and
for this class of stations this form of blank is recom-
mended. For the larger stations, which can afford
to keep more accurate records, Blank B is recom-
mended. Blank C, the engineer's daily report, is
probably the samc in substance, if not exactly so in
form, as is in use by a majority of the stations at
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the present time, and will be found, it is thought, suf-
ficiently complete to give the results sought for with-
out going into too many details. '

Blank D is the superintendent’s daily report, and
is intended for the larger stations having a general
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manager, and is designed to give the latter a general
idea of what has been done, what has been used, what
material has been received, what is required and for
which requisitions in due form will be made out.
Blank E is the superintendent’s monthly report made
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to the general manager of large companies, but should
be made out by superintendents of small companies
also and filed in a book kept for this purpose, so that
they may at any time turn to it and get any informa-
tion that is desired, or make comparisons between the
output and cost from month to month. The main
feature of this blank is that in a comparatively small
space it gives the total cost of operation of the

d
THE ELMRACIU_UMINATING Co.

N ENGINEER'S REPORT

For the Twelve Hours ending 7 AL M. . .. ...389..
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station for the month, the total amount of supplies
used, the output of the station, the number of new
lamps, motors, etc., connected, and also the loss, if
any, in either lamps or motors. From the office the
manager will have the report of the amount billed out
for the current used for incandescent and arc lamps
and motors during the month, and, by comparing the
two, can readily ascertain whether the business for the
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blanks prepared, by which different stations, of the
same general character and under the same conditions,
might be enabled to compare the results they were
realizing. I think I have taken occasion once before
in this association—possibly several times—to say that
much of the data obtainable in these associations is
absolutely worthless for the purposes of the great
majority of stations over the country. It is not at
all applicable to their conditions. We hear very
much of the results obtained in the very large sta-
tions, and many station ranagers naturally become
discouraged, and their stockholders disheartened,
because they cannot attain to the degree of perfection
of economy that seems to be realized in the large
stations, when, possibly, under the conditions with
which they are contending, there is better evidence of
management apparent in the small stations than
there is in the large ones about which we hear so
much in the electrical journals. It has been my duty
in the last twelve, thirteen or fourteen years that I
have been in this business, to be interested in some
of the largest, and in quite a number of the very
smallest, stations; and the people running the large
stations have no conception of the difficulties with
which the managers of these small stations have to
contend, and how much more difficult it is for them
to show results. I think that when this matter was
before the association twelve months ago, and dis-
cussion was had regarding the information that the
Committee on Data obtained, I took the ground then
that much of the information as obtained was abso-
lutely valueless, because you could not tell by the
numbers where the location was, nor what were the
conditions under which they were laboring. For
instance, I have what might possibly be called the
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concerns or engineers, but our estimate is that with
the new station, the plans for which are under con-
sideration at the present time, with what cost $54,000
for fuel last year, that same measure of business we
expect to produce, kilowatt for kilowatt, for $18,000;
simply by the difference in the character of plant that
is to be constructed, and the different character of
apparatus that shall be used in the station. There-
fore, Mr. President, in the preparation of any system
of blanks, it is very important that these differences
in condition should be made to appear, not only that
the price of coal and the quality of it should be
taken into consideration, but the type of the appa-
ratus that is being used. I believe I had part in the
preparation of the first blanks that were prepared in
this country by which any uniform system was
attempted to be obtained, and which I believe were
largely prepared by a gentleman who is on the floor
of this convention. I refer to Mr. J. H. Vail, who
was the first superintendent and engineer of the old
Edison Electric Light Company—the parent com-
pany ; now the manager at Philadelphia. 1 believe
that he and I labored over a set of blanks some
twelve years ago, week after week, trying to get them
made uniform. Many of the ideas then suggested have
been followed upon, modified in various ways. This
is a question, therefore, that requires a great deal of
consideration, and it seems to me that it is one which
would be well worthy of a special committee of this
association. I might say here, without divulging any
confidences, that some of the larger stations in the
country, and particularly those supplying current from
the Edison three-wire system, have agreed upon and
adopted uniform sets of blanks whereby the distri-
bution of the various items of expense in the oper-
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ation of stations are made exactly the same, and
they exchange these blanks, or have them criticized,
from month to month. They all see what their dif-
ferent stations are doing, and there is nothing in the
world better calculated to bring about an improved
condition of station operation than sorne such plan
as that, affording some blank of unifcrm plan under
the same conditions.

MRr. CoGgsHALL: Mr. President, I recognize the
great importance of standard blanks. As the matter
will come up later, I now move a vote of thanks be
tendered Mr. Cahoon for this valuable and interesting
paper.

THe PRresipeNtT: It is moved that a vote of
thanks be presented Mr. Cahoon for his interesting
and valuable paper, and that it be recorded on the
minutes of the convention. Is it your pleasure that
the motion be carried? And it is added that the
discussion be continued later, after the other papers
have been read.

Carried.



THEFT OF CURRENT, AND HOW TO DEAL
WITH IT

THE PRresIDENT : The next item on the programme
s the topic for discussion, entitled “Theft of Current,
and How To Deal With It.”

During the past year, when I have been looking
into several matters and considering lines or directions
in which work could be done that would serve the best
interests of the members of the association, I was very
much astonished to find that in hardly any state of the
Union was there provision made in law for.the pun-
ishment of any person that would deliberately steal
current from the street mains or otherwise. It seems
to me that that is something which should be provided
for. I know that in Canada we have provision made
for the theft of current, and it seems to me that a
question of this kind should be taken up by the asso-
ciation, and that the different members should work
together, so that there could be a clause added to the
criminal code of the different states providing for the
punishment of this offense. Mr. T. C. Martin was
speaking to me in reference to this matter this morn-
ing, and had with him the draft of a law that has just
been passed in one of the states. Is Mr. Martin
present? I have much pleasure, Mr. Martin, in request-
ing you to mention to the meeting the points of which
you were speaking to me this morning, in refer-
ence to the theft of current.

MRr. MarTIN: Mr. President, I mentioned to you
this morning that I believed I had copies with me of






88

Louisville, Ky., I think it was—a saloon-keeper having
stolen current recently to supply a fixture in front of
his saloon, having tapped onto the adjacent mains,
the case coming before the court, his counsel moved
for a dismissal of the case, on the ground that it was
not in any wise a statutory offense. The judge dis-
missed that as absurd, and held the offender for trial.
Whether the case has since come up or not, I am not
able to say. I believe that is all 1 have to report.

MRr. AvEr: Mr. President, I think the time is
opportune for the assoeiation to take action in this
direction. We have some little legal talent connected
with the association, and I would suggest that a com-
mittec be appointed, with a view of composing that
committee of lawyers, for the purpose of drafting suit-
able legislation, or for outlining the points to be cov-
ered, for statutes in the different states, and that the
secretary supply members with copies of the result of
their work. I think we can venture to draw on the
good nature of friend Armstrong and some others in
this direction, very much to the profit of the associa-
tion, and [ offer this as a resolution.

THe PresipenT: Your object, then, as I under-
stand it, Mr. Ayer, is that a bill be drafted by the
association, which woquld meet the requirements of the
offense, and that it be uniform, if so passed in the
different states, instead of having one law in one state
and another in another state, and so on?

MRr. Aver: To be something drafted by people
who are familiar with the law in this respect, with its
weakness, with the elements that have entered in to
defeat the prosecutions heretofore. I would have that
offered as a standard, and interested members in the
different states can endeavor to have it enacted into
law by their legislatures ; and. if it is uniform through-
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out the United States, incorporated into a bill wherein
the essential points are conspicuous and not changed,
we shall then bhave legislation in one state which
would be quoted and which would be valuable, of
course, in other states in confirming and assisting in
securing such a law—make it simpler to prosecute,
and all that. It would be an easy way to get simul-
taneous action throughout the country.

MRr. YounG: Mr. President, in relation to the law
that has just now been passed in Connecticut, it hap-
pened to be a duty of my own, as treasurer of the
Connecticut Electric Lighting Association, ¢o have
this particular bill drafted, and it was drafted by the
attorney for our association, and it passed, as Mr.
Martin has stated, without any serious opposition
through the legislature of our state, and has been
signed by the governor. The penalty attached is a
fine of fifty dollars or imprisonment for thirty days, or
both. We found it very necessary to have a law
of that kind passed in our state, and we took active
measures and successful measures to have it done.

Mr. Stetson: If it is thought well to appoint this
committee, I might say that it would be well to exam-
ine the law that is in force in Massachusetts. Last
year, or the year before, the law was made to apply
to the theft of current the same as to the theft of
gas; and it gives me pleasure to report that a man
that had ordered out his meter, and had put in wire
to occupy the space that the meter previously
occupied, and had gone right on with the lighting
business,—I put the matter into the hands of the
circuit court of our city, the judge heard the case,
and it cost the man fifty-five dollars to get about
fifty cents’ worth of electricity. A singular thing
about this case was that the man that drew the law
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was the counsel of the man that stole the electricity ;
and he came up with some very learned legal points,
arguing that the whole indictment ought to be quashed,
and something that I didn't know anything about.
But our judge sat down very squarely on all that, and
landed the man just where we wanted him to be, and
the moral effect on our community has been very
good. I should advise a study of that law. I see
that Mr. Barker, of our commission, is here. Per-
haps he could give a better idea of the details of the
wording of the law than I should be able to do,
although it has been very satisfactory in its working
in my case.

MR. BARKER: Mr. President, I do not think I can
add anything to what Mr. Stetson has said. The law
was promoted, I think, by the efforts of the Massa-
chusetts Electric Lighting Association. It was passed
by the legislature with practically no opposition, and
perhaps the passage of the law was aided by the fact
that a law prohibiting such theft of gas had been upon
the statute books for a number of years. I think the
courts in our state have held that it is not a common-
law offense to purloin gas, and, therefore, they would
be likely to hold in the same way in respect to elec-
tric current ; but the statute seems to be a sound one.
I think there have been a number of prosecutions
successfully carried out under it in our state—if I
mistake not, in the city of Lynn. It has been in
existence for a couple of years, and is modeled after
the law’ prohibiting and punishing the theft of gas; and
I think the general opinion is that it is a good law.

MR. MaARrTIN: Mr. President, Mr. Stetson’s sug-
gestion moves me to believe that perhaps it would
be a good thing if I could supply the omission of
bringing the bill with me by placing it in the hands
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of the official stenographer. That would make it a
part of the transactions, and in that way it would very
quickly reach a great many members of the associa-
tion who are not here, and other electric lighting men
throughout the country who are very much interested
in this question, as I know from the number of let-
ters that I have received on the subject,—and I can do
that immediately after the rising of the convention.

THE PREsSIDENT: We shall be very pleased to have
the draft of the bill, Mr. Martin.

MRr. MarTIN: Cases of theft seem to be getting
daily more numerous, and now that we are threatened
with the application of it, in large quantities, for the
purpose of burglarizing safes, it seems to me that it
would be well, perhaps, to protect ourselves before
that new industry gets upon its feet.

MRr. W: P. ENGeL (of Charlotte, Michigan) : Mr.
President, with your permission and that of the mem-
bers, as I am not a member of this association, I
would say that legislation has been inaugurated in
the State of Michigan upon this subject, through the
efforts of several central station men, and the Munic-
ipal Light and Power Company, of Grand Rapids,
sent out a circular which embodies a law called
“House Bill No. 955, Legislative Session of 1897.”
That law embodies punishments, and it also includes
gas, water and electric current. I have a copy of it,
and if a committee is appointed I will deliver this
to them, that they may look at it; or it may be read,
if you so choose.

Tue PresipenT: We shall be very pleased to have
you hand it to the secretary.

MR. BecGs: There are many important considera-
tions in connection with this subject. I have been
instrumental in having one conviction brought about
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in the city of Cincinnati, although the Ohio law is
somewhat indefinite upon the point. We could only
proceed under the law that was passed for tapping
‘wires for an entirely different purpose. But this case
was so clear that we brought the action. I believe
that was the only statute in the State of Ohio. Our
counsel is quite an eminent lawyer —ex-Governor
Foraker, now Senator Foraker—but we had great dif-
ficulty. But our principal difficulty is in tampering
with the measuring instruments themselves; not so
much tapping the wires,—taking the current direct, as
Brother Stetson suggested—but tampering with the
measuring instruments.  Therefore, when a bill is
drawn, it seems to me that it should be broad enough to
cover every condition under which a man attempts, not
only to steal current, but in any way to tamper with
the instruments employed for measuring, which is the
most prolific source of loss to the central station. In
the case I referred to, we prosecuted the man, and I
believe he was subjected to a fine of fifty dollars.
But our greatest difficulty was to have the grand jury
even bring a bill against him, because of his political
pull. He was a prominent saloon-keeper, and if we had
not had, through our counsel, a stronger political pull
even than he had, we could not have convicted him
at all. It required very peremptory orders, sent four
or five times to the district attorney, to have that
case presented to the grand jury, and I think it stayed
there for several months. But it was a saloon in
which we had never even furnished the current; he
had been cut off by one of our competitors for non-
payment of bill. Our lines happened to cross near
the rear end of his premises; he threw out a
grappling hook and got connection on there, and
lighted himself for several months in that way. There
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was really no law in the State of Ohio except we
prosecuted him upon the charge of tapping wires
under a law that was passed for the protection of race
courses and things of that kind. There is nothing for
electric lighting companies.

MRr. Cray: I believe, Mr. President, the motion
is to refer this matter to a committee. I fail to see
how any such committee could accomplish any results
satisfactory to the members of this association, owing
to .the fact that the conditions differ in the various
states of the Union. The fact has been made known
here, however, that, in a number of states, there is a
statutory law making it a criminal offense to steal cur-
rent, or to interfere in any way with electrical devices
or apparatus. The president states that they have
such a law in the part of Canada whence he comes.
Two years ago we put upon the statutes of Pennsyl-
vania a law that makes it a misdemeanor, punishable
on conviction by fine and imprisonment, for any per-
son to take current, or in any way to interfere with elec-
trical apparatus. Now the thought has occurred to me
that we could best accomplish the end we have in view
if the secretary would request the delegates here from
the states that have satisfactory laws upon this subject
to send copies thereof to him, and have all these vari-
ous statutes printed in the proceedings of this conven-
tion, as an appendix or addenda for reference and for
information. In that way, the members of any state
having no such law, if they desired to make an effort
to have one enacted, could have what has already
been done in other states as a guide. I believe that
in that way you could accomplish better results than
you could possibly bring about by referring the matter
to a committee.

MRr. AvEr: In suggesting a committee, I had
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in mind that it was wise to put this into the hands
of men who were informed as to the electrical
requirements as well as the legal points. It seemed
to me that it went without saying that any lawyer
who would be a member of that committee would
naturally gather together all such data of this nature
as were available, and out of the whole evolve a law
that would be much better than would be likely to
be evolved by lawyers or counsel of electric com-
panies to whom interested members of the association
might submit even the grouping of a lot of laws.
The very point that is raised by Mr. Beggs—that it
is desirable to cover not only the stealing of the cur-
rent, but the tampering with the measuring instru-
ments—is a thing that should be embodied. The
points that we are raising here in this discussion are
all being absorbed by Judge Armstrong, and from
these various explanations he will be enabled to com-
pile an outline for a law that will cover the points.
This seems to me much better, and a method that
will accomplish our object much more quickly
throughout the country than anything that could be
accomplished in the other way.

Mr. BeGes: 1 agree with Mr. Ayer’s suggestion
as to the desirability of having a committee appointed.
They would naturally get before them all the legal
enactments bearing upon this subject, and, knowing
from practical experience what the conditions are and
the sources of stealing, they could at least give us an
outline of a law that might be suggested to the
various states through the various state organizations,
with whom I think the secretary of this association
should be in very close communication; and with
these various state organizations giving them the
drafts of their several bills, I should think that a bill
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not know what electricity is; nobody else ‘knows what
it is, and therefore it isn’t anything, and nobody can
have any property in it. It is as free as air, and as
independent of ownership as light or water; and, that
being the case, no one can steal it; that being the
case, the diversion of it cannot be a crime.” If we
are to do anything in the line of legislation, I think
it ought to be this: To pass bills to prevent frauds
upon lighting, water and power companies, say, and
let it apply to any person who, by any device or con-
trivance, seeks to deprive them of their revenue or
interfere with their apparatus, and so on; not by any
act of ours recognizing that up to this time it has
been no violation of the common law to take cur-
rent, to take power; up to this time it has been
no offense, and is only an offense now because the
legislature has, in its wisdom, said so. I am not will-
ing to admit that; I do not think that any of us
ought to be willing to admit that. But we can with
propriety, if it is thought advisable, recommend legis-
lation to prevent frauds against these companies, the
same as they have to prevent frauds against railroad
companies in some places, you know, in the sale of
tickets by scalpers. I believe, however, the title of
those acts is always ‘“to prevent frauds against trav-
elers.” I believe that is the way it reads in the title
of the acts. So we might have to borrow from that
suggestion and make the title of our act read in that
way. But what I want to do is to protest as
strongly as I can to this association against their
recognizing by anything they do the propriety, if I
may say so, of anybody’s taking electric current the
same as they would take in sunlight or air. That has
been the idea upon which they have acted heretofore,
and we may, by any act that we do, give a good deal
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of credit, a good deal of strength, to that.  The
judges of the courts—those who are administering the
law—know nothing about these mechanical contriv-
ances—of course, don’'t know much about the scien-
tific—they do not have to know about it scientifically ;
and there is that ignorance existing, which is present
in our legislatures, present in everv court.  And so,
if we who are in this business start out admitting
that there cannot be a theft of this thing, that there
is no law to punish it, and, therefore, we want to
have a new law made for it, don’t you scc¢ how far we
are going? If we were supplying any other product,
it would be fullv understood, and an indictment
under the common law for larceny would thoroughly
lie.

Tue Presipext: It has been moved and sec-
onded that the chair appoint a committee of three to
prepare a report upon this subject, and draft a bill
that would be uniform and would apply to all the
different states; and the mover .of the resolution also
suggests that, as soon as that report be drafted, it be
forwarded to cach of the members of the association,
Is it vour pleasure that the motion be declared
carried ?

Carriced.

Tue PresipexT: The convention ordered this morn-
ing that the report of the Committee on Standard
Electrical Rules, Capt. William Brophy, chairman,
should be presented this afternoon. [ now call upon
Captain Brophy, as chairman of the committee, to
present his report.



REPORT OF COMMITTEE ON STANDARD
ELECTRICAL RULES

Mr. President and Members of the National Electric
Light Association :

At the nineteenth convention of this association,
held in New York city, a committee, to be known
as the Committee on Standard Electrical Rules, con-
sisting of five members, was appointed, with instruc-
tions to select one of its members, or some other
person, to represent the National Electric Light
Association in the National Conference on Standard
Electrical Rules.

This committee was the successor of the one
appointed at the fourteenth convention of this associ-
ation, known as the Committee on Rules for Safe
Wiring, and subscquently known as the Committee
on Standard Rules for Electrical Construction and
Operation, which was discharged on its own recom-
mendation at the same time. This last named com-
mittee has labored faithfully since its organization to
bring about the much desired end, the establishment
of a uniform standard set of electrical rules governing
all electrical installations, to be enforced by the five
insurance companies and municipal inspection bureaus.
This task was no casy one for this committee. Its
efforts met with fierce opposition from some, and
indifference on the part of others. It received some
encouragement from the press at times, and no small
opposition at others. Some portions of the insurance
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interests looked upon it with favor, but a large
portion opposed its aims and purposes. The prin-
cipal obstacles to be overcome were :

Indifference on the part of those most deeply
interested—those engaged in the electrical industries.
They somehow believed that the fire underwriters of
the country were more powerful than the municipal,
state, or even the United States, governments; that
any law, edict or rule issued by them, whether right
or wrong, could be enforced and must be obeyed.
For the benefit of this class, your committee must say
that such is not the case. The fire underwriters are
the receiving and disbursing . agents of nearly the
whole of the people of the country, receiving their
money as a consideration for indemnity against total
loss by ftire. The larger proportion of the money
they receive is returned as partial compensation for
the losses sustained; the balance pays the expenses
of the business and a varying amount of profit to
the holders of stock and the policy-holders of mutual
insurance companies. The greater the care in select-
ing fire risks, and the more careful the supervision of
them while insured, the greater the profit.

The next obstacle to overcome, was the prejudice
of the average underwriter against electricity when
introduced into the property he insured. To those
who witnessed the methods adopted by those who
installed the first electric light, and know something
of the losses sustained by the insurers and insured,
this prejudice is excusable. Up to that time, elec-
tricity had proved itself a useful and harmless servant,
the only evidence of its ability to produce heat or
flame being offered at the contact points of the tele-
graph relay and key; but when this very small spark
was incrcased at the carbon points to such size and

1920646
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intensity as to rival in brilliancy the sun’s rays, its
power for good and evil was wonderfully increased.
Those who could keep under perfect control the feeble
battery current, did not possess the necessary appli-
ances or knowledge to keep this new form of elec-
trical energy under proper restraint, while the fire
underwriters paid heavy tribute to it in the form of
burnt offerings and in the shape of indemnity to the
policy-holders.

Under such circumstances, who could blame these
powerful bodies for taking alarm and looking upon
the new candidate for public approval with disfavor?
They were between two fires, as it were——those
caused by electricity improperly harnessed, and that
of enthusiastic admiration kindled in the breasts of
their policy-holders for the electric light; they would
have it, even if it did increase the fire hazard.
How to get out of this*dilemma was the burning
question. They did not want to abandon a formerly
profitable part of their business, but feared they
must. Two remedies were tried: First, increased
insurance rates was the penalty exacted for the intro-
duction of electric lights. This plan proved ineffect-
ual, because it did not prevent losses in excess of
premium rates, and it opened up a new field for the
illegitimate underwriter, who preys on the insurer and
insured alike in the end. The second remedy proved
more effective.  They called to their aid some of
those who were supposed to know how to lead this
new and unknown force along the straight and nar-
row path designed for it, and not permit it to wander
into their domain and change fat dividends to heavy
assessments.  Such men were scarce, and most, if
not all, of those engaged were obliged to learn by
experience the best methods of procedure; the same
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can be said of those engaged in the electrical busi-
ness. The acquisition of such experience, up to a
few vears ago, proved very costly to the fire under-
writers and others as well.

Gradually, fire insurance associations appointed one
or more inspectors to examine the electric light wires,
lamps and fixtures installed in their territory, and to
enforce certain rules and requirements, generally made
by themselves. With the rapid advance of the elec-
trical industries, changes in these were inevitable, but
lack of uniformity proved to be a crying evil. The
best and most reasonable requirements were formulated
in those sections of the country where the electric
light had found a foothold earliest. Most of the
inspectors, instead of profiting by the experience of
those longest in the business, and adopting the rules
formulated by them, insisted on issuing productions of
their own, so that the so-called insurance rules differed
as widely as the excise laws of Maine and New York.
Some sections of the country were fortunate enough
to have men who were empowered to make rules and
enforce them; whose elevation to such position did -
not make them dizzy, and cause them to issue imprac-
tical requirements, the enforcement of which did not
always serve any good purpose, but made life a burden
to those who were so unfortunate as to come under their
jurisdiction, whether manufacturers, contractors or pro-
ducers of clectrical energy. But other sections were
not so fortunate. Among all the burdens that those
in the electrical business have had to bear in the past,
the whims and caprices of the authors of insurance
rules have not been the least.

The loss of time and money, caused by conflicting
requirements, became so great in time that a movement
was inaugurated by this association for securing uni-
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formity of rules—a codification of the best, and repeal
of the productions of cranks and impracticals. This
task was accomplished by your former committee, the
result of their labors approved, and the first national
code issued by this association. It was also adopted
by the insurance associations, who thus recognized the
good work performed. After the issue of this national
code, it was thought that all the troubles here described
were ended. Such, however, was not the case, for
while the best representative men of the fire insurance
associations agreed that the electrical engineers or elec-
tric light superintendents were the proper ones to
formulate rules and requirements, and the insurance
associations should enforce them, there were others
holding subordinate positions who could not bear to
have this sentiment put in practice. As a result of
such feeling, an organization arose, known as The
Underwriters’ National Electric Association, which has
claimed the solc right to issue new or amend the orig-
inal rules first issued by this association, and has, in
the past, insisted that the electric and allied interests
should have no voice therein. As time rolled by, and
the organization increased in numbers, this sentiment
changed somewhat, due to the influence of broad-
minded, practical men, who are members of it, and to
the efforts of your former and present committees,
and last, but not least, to those of the National Con-
ference on Electrical Rules, which was organized
through the untiring efforts of the chairman of the
Committec on Standard Rules for Electrical Construc-
tion and Operation and his associates.

As a result of our combined efforts, the last codi-
fication of, and amendments to, the national code is
the result of the combined efforts of the National
Conference on Standard Electrical Rules and the
Underwriters’ National Electric Association.
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The right to do this is what your committees have
contended for in the past, and have finally obtained.
Your present Committee on Standard Electrical Rules
selected its chairman to represent you in the National
Conference on Standard Electrical Rules, which was
organized at a meeting held in the city of New York,
on March 18th and 19th, 1896, consisting of repre-
sentatives of insurance, electrical and kindred interests,
from the following organizations: National Electric
Light Association, American Institute of Electrical
Engineers, American Street Railway- Association,
National Board of Fire Underwriters, American Insti-
tute of :rchitects, International Association of Fire
Engineers, Underwriters’ National Electric -ssociation,
Factory Mutual Insurance Association, American Soci-
ety of Mechanical Engineers, Western Union Tele-
graph Company, Postal Telegraph Company, American
Bell Telephone Company, General Electric Company
and Westinghouse Electric and Manufacturing Com-
pany. The complete list of official delegates and
organizations to whom invitations werc extended, can
be found in the report of the committee presented at
the last convention, and published in the last volume
of the proceedings of this association.

That body appointed a committee on code, consist-
ing of seven members, one of whom was vour repre-
sentative. To this committee was assigned the task
of amending and codifying Standard Electrical Rules.
At the time of the last meeting of the National Con-
ference upon Standard Electrical Rules. a large amount
of work was done by representatives of the various
electrical, insurance, architectural and allied interests,
tending toward the adoption of the one single stand-
ard code of rules. A pamphlet had been prepared
embracing the various codes used most extensively in
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this country and abroad, and, after these had been in
substance considered, and many changes, omissions and
additions suggested, it was deemed desirable that the
results of the two days’ careful discussion should be
handed over to a special committee of seven, with the
president a member ex-officio, which committee should
draft a code based upon the lines suggested, and then
refer the same back to the conference for its approval.

Since the meeting of the conference, the commit-
tee has, by meetings and correspondence, carefully
taken up the work assigned to it. The most impor-
tant meetings were held October 16th and 17th, 1896,
and December 11th and 12th, 1896. Between these two
dates, 7. e., on December 8th and gth, the annual meet-
ing of the Underwriters’ National Electric Association
was held, and at the October meeting of the Code
Committee, it was decided that the committee, through
one of its members (Mr. Merrill), should submit the
draft already prepared by them to the Underwriters’
National Electric Association, to secure the benefit of
their criticism and suggestions, and with a view of
insuring a hearty co-operation on their part. It was
so arranged that a joint  meeting should be held, of
our Committee of the Code and a committee from
their association, to facilitate the preparation of the
final draft of the code. This meeting, held in Decem-
ber, 1896, was very successful, and it was jointly agreed
by the two committees: (1) That the title of the new
set of rules was to be *The National Electrical Code;”
(2) that the National Board of Fire Underwriters, in
printing the code, should give on the inside of the
cover due credit to the Nationa] Conference for its
work, and place upon the cover the names of all the
associations forming the National Conference, as fast
as these bodies gave their indorsement of the code ;
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(3) that, as far as possible, the code should be left in
the form as then presented, save that the classification
as recommended be tentatively adopted, and, after
being set up by the printer, be resubmitted in dummy
form for final consideration by the members of both
committees.

The members of the Code Committee of the
National Conference, having met in New York, May
1gth, 1897. passed the following resolutions:

Resolved, That each delegate who attended the
National Conference on Standard Electrical Rules be
sent a copy of the Standard Electrical Code, stating
that said code had met with the approval of the Code
Committee of the National Conference and the Code
Committee of the Underwriters' National Electric
Association, and stating the belief of our committee
that there was no necessity for calling the conference
together again as a body, entailing, as it would, a very
considerable sacrifice of time and money, and request-
ing their immediate reply if they acquiesce in this rec-
ommendation and approve of the report submitted by
the committee and by the president, secretary and
treasurer of the conference itself. In the event of
their objecting, and desiring that the conference be
called together as a body to receive the committee’s
report, answer is to be made within ten dayvs, or their
opinion is to be considered as favorable, and the code
reports published through the press by the Code Com-
mittce, and each delegate represented at the conference
requested to bring same formally before his association
for approval.

.\ meeting of the committee was held in Boston
on the sth instant, at which its previous action was
ratified, and the code, as a whole, unanimously
adopted.
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The National Electric Light Association was the
first to adopt and issue a national standard code of rules,
and if it now adopts the new codification of them, it
will be indorsing, not only the unanimous findings of
its committee, but the unanimous action of the Code
Committee of the National Conference on Electrical
Rules, which conference was organized under the
auspices of the association; and, furthermore, it will
be the first body represented in the National Confer-
ence to do so, and your committee earnestly recom-
mends that you give your approval.

Respectfully submitted,
WM. Broray, Chairman.

DISCUSSION

Carrain Broruy: Mr. President, 1 believe 1
was one of the original members of the first confer-
ence, held at Cape May, to bring about this result.
I have been a member of this committee from that
time until now. 1 have labored faithfully to bring
about this end. Sometimes, as 1 have described
here, the task seemed almost hopeless, but 1 never
was ready to yield the right of the men engaged in
the electrical business to have their say in the for-
mation of rules under which they were obliged to
install their apparatus. As I said before, I have
given both time and means to bring about this end.
I hope to sce it consummated ; then 1 shall be satis-
fied, and shall consider my work done.

Mr. Aver: As a member of this committee, I
have been associated with Captain  Brophy for a
number of years, and there is no one that knows bet-
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ter than I the immense amount of labor that he has
devoted to this work. I realize, as all the members
of the association do, the attitude of the insurance
interests, the adoption of rules by those interests,
their refusal to recognize the rules of this association,
and our repeated efforts to bring about some sort of
harmony, and feel now that we have not only done
that, but that we have associated with us in indorsing
the National Code of Rules the American Institute
of Electrical Enginecrs, a body that has heretofore
refused to consider this question, for the reason that
they preferred to keep out of all commercial matters
and keep the Institute free from any association with
commercial factors whatever, as is the case in almost
all institutions of a similar character. But they have
realized the importance of the subject, and have given
their influence to bring about this common result,
because they felt that it was nccessary for the devel-
opment of practical electrical work on proper lines
that every effort, every power, every influence, should
be brought to bear to bring about a universally
standard code, and to avoid the unlimited amount of
friction which had developed in the past. In addition
to that, there is the National Board of Fire Under-
writers, the American Institute of Architects, the
International Association of Fire Underwriters, the
Underwriters’ National Electric Association, the Fac-
tory Mutual—covering all of the important insurance
interests—the American Street Railway Association,
of course, as well.—when all that has been accom-
plished is taken into consideration, we realize the
value of the work done. And 1 want to say right
here—and [ cannot say it too strongly, I want to
repeat it—that Captain Brophy is the man that has
done it. We have all done a little pushing and a

)
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little helping, but he has been the leader; it has been
his baby from the beginning, until now he has got a
well developed child. The rules are long. They are
better than those we adopted at our last revision of
the rules. They are not just what we want in every
particular,—~I do not think we shall ever get them
so-—but I think we can take no chances in unani-
mously adopting the recommendation of the chairman
of this committee, to be the first to indorse the
national code.

MR. SEeLy : Mr. President, I should like to ask
Captain Brophy whether the municipalities have not
adopted these rules. In the city of New York, the
fire department has an inspector of wiring, and I think
he is present here; I should like to hear from him—
Mr. Henderson.

THE PresiDENT: We should be glad to hear from
Mr. Henderson, if he is present.

Mgr. CarnNEs: Mr. President, I should like to move
the adoption of the report.

CartaiN Bropny: I should like to answer Mr.
Seely, that among other things I have tried to do in
bringing this about is to inaugurate an association of
municipal inspectors, so that they would act with
every one else and have the thing harmonious. That
will be consummated within a very short time.

THE PrESIDENT: It has been moved and seconded
that the report of the Committee on Standard Elec-
trical Rules be received, and the suggestions therein
adopted. 1 might say that this is one of the things
that, through the energy of our chairman of this com-
mittee, has been brought to a successful conclusion
this vear. It has not been the work of a year, how-
ever. From the very commencement, as stated by
Captain Brophy. this work has been carried on by



109

him and by other energetic members of our associa-
tion, from time to time, under the greatest possible
difficulties. At first, the fire insurance parties would
not receive any suggestions at all from the electric com-
panies. They made their own rules, and they were,
like the laws of the Medes and Persians, unalterable.
But to-day we see that this association, through the
chairman of its committee, has been successful, not
only in having the rules adopted that were first pro-
- mulgated by this association, but that all the other lead-
ing bodies of the country that are interested in such
matters were willing to meet in a general conference
to discuss these rules, and I think that it is with a
great deal of gratification that we may assure oursclves
that, if this resolution is passed to-day, we shall be the
first to indorse the codification of the rules as agreed
upon by all these various bodies, as we were the first
to start the agitation. Is it your pleasure that the
National Electric Light Association be the first to
indorse this codification.

Mr. CarnEs: I should like to ask Captain Brophy
—for information—-if the adoption of these rules by
the National Board of Underwriters does not commit
and hold them, or does that license them to make
additions hereafter, as they may see fit, for their
inspectors, without the consent of this association?
They have no such right, have they?

CartaiNy Broruvy: No, sir; they have now con-
ceded the right of others.

Mr. Carxes: Why I ask the question,-—we are
very much annoyed in Tennessee by these little slips
of paper issued by some unrecognized authority; and
the more ignorant the inspector with whom you have
to deal, the more annoving become these little
unauthorized slips, until it requires more patience than
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most of us have to submit to it. 1 am now rather
at war with the Board of Underwriters because I
declined to recognize them.

CaprtaIN BrorHy: [ will say that hereafter you
can return the slips, and hold up this code as the one
that you are called on to work under, and nothing
else.

THE PresipENT: Gentlemen, are you ready for
the question ?

MRr. Bean: Mr. President, 1 would suggest that
you ask for a rising vote on that resolution.

Tue PresipExT: At the suggestion of Mr. W.
Worth Bean, I would ask all in favor of adopting
the resolution to indicate it by rising to their feet.

Tue Presipext: [ declare the motion carried
unanimously. (Applause.)

THE PresipeEnt: The next order on the pro-
gramme is a paper on municipal lighting, by Mr. W,
Worth Bean, of St. Joseph, Michigan. 1 will call
upon Mr. Bean to read his paper.



MUNICIPAL LIGHTING

Zo the President and Members of the National Elcc-
tric Light Association :

The subject to which I would respectfully invite
your attention is one of the most vital questions, and
of the most momentous importance—not only to the
profession to which we have the honor to belong, but
also to various commonwealths of which it is our
pride to be citizens—that has ever arisen in this
advanced electrical era. Municipal ownership of elec-
tric lighting plants, the most discussed of all the
questions of municipal polity, is the more insidious
that it comes dressed in the sheep's woolly garb of a
philanthropist, which to the uninitiated and ignorant
has an alluring and plausible aspect, but to the experi-
enced are plainly visible the wolf’s deadly fangs, which
have, in every instance, sooner or later lacerated the
" taxpayer. The authors and promoters of this alluring
scheme are either visionary theorists, who have no
practical knowledge of its manipulation, or unscrupu-
lous politicians who, desiring to pose as benefactors
to the municipality, hope to ingratiate themselves in
the hearts of the voter and thus sccure political
plums for themselves and their henchmen. That there
are many honest supporters of this political fad who,
having been deceived by beautiful but false reports
from cities which are experimenting with this question,
are misled by political demagogues, is undeniable.

The tidal wave is sweeping over our land, and
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ccrtain municipalities are now on the crest, but it will
not .need the average period of depreciation in a
plant for the wave to subside and leave the wrecks
stranded with increased burdens and depleted treas-
uries. Already cities have sold their plants, paying
dearly for their experience, and others are looking
for buyers, in order to unload their * white elephants”.
Municipal ownership is contrary to the spirit of
republican institutions.

From the Declaration of Independence we read :
“We hold these truths to be self-evident; that all
men are created equal ; that they are endowed by their
Creator with certain unalienable rights; that among
these are life, liberty and the pursuit of happiness;
that to secure these rights governments are instituted
among men.” These are the fundamental principles
of our republican form of government, and nothing
therein can be construed tc mean that government
was instituted for the purpose of becoming a com-
mercial producer. The framers of our Constitution
had no idea that the government that they were
establishing would ever enter the field of competition
to the discouragement of private enterprise. The
political demagogue of the present day would read
the above extract about as follows: That all men are
created equal—except central station men; they are
endowed with certain unalienable rights—except cen-
tral station men ; that among these are life, liberty and
the pursuit of happiness—except furnishing municipal-
ities with electric lights; that to secure these rights
and also municipal ownership—government was insti-
tuted among men. No! Government, whether national,
State or municipal, was instituted for the purpose of
protection and not production. It would be just as
rcasonable for the city to enter any pursuit, such as
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farming, or as a grocer, or keep a sawmill to saw
its own material for sidewalks or paving, or manu-
facture shoes for its citizens, or run a saloon for the
profit there is in it, as for it to enter the field of
lighting. Just as sure as a nation becomes a com-
mercial producer, competing against its own citizcns,
just so sure will the seeds of its own disintegration
be sown.

Municipal ownership is a source of danger to the
commonwealth, in that it affords a great opportunity
for fraud. Municipal corruption is so common and
so well known that it needs no argument to prove
the danger. of opening a new avenue of power in
the hands of unprincipled public officials. In this
business there are a number of important, and ought
to be well salaried, offices, which can be used to great
advantage by political manipulators to further their
own ends to the detriment of the city. In the State
of Michigan one political party had been in power
for thirty-four years until 1891. A member of the
old party was elected to the Senate and introduced a
bill to benefit Coldwater, Michigan, and this has been
the Mecca of the municipal advocates ever since. It
has been the oasis in the desert where they could
get sweet morsels to roll under their tongues to
advocate the scheme of municipal ownership. I
venture to say that more than a score of towns and
cities have charged up expenses for the examination
of this delectable plant, and from their own printed
statements | am willing to qualify that the figures
are not as they should be made. Reports come from
Grand Haven, Michigan, that through political influ-
ence a competent electrical corps has been discharged
to make room for inexperienced friends of the
* powers that be”. ‘ To the victor belong the spoils ™

9
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is a policy followed with unswerving fidelity by a
great many city officials. Scandals from our great
cities in regard to employés, inspectors, officials and
boodle aldermen, should teach us to avoid throwing
this enterprise, involving hundreds of thousands of
dollars, and positions of the utmost importance to
the city, into the maelstrom of municipal politics.
Municipal ownership is unjust to the electrical
plant now in the field. The central station man has,
through his industry, ingenuity and executive ability,
built up a large enterprise. The city has invited him
to invest thousands of dollars, not only of his own
money, but also the money of its own citizens, with
no immediate show of dividends, and, in some cases,
barely sufficient income to pay the running expenses
and interest on the bonds during a period that will
amount from one-half to the whole of the average
amount of time allowed for depreciation of the plant.
The central station man during this time has been
harrassed with the anxiety of meeting the fixed charges,
maintaining the credit, providing a reserve fund to
meet loss by fire, wind storms and burned-up apparatus,
and cheering up despondent stockholders who have
nothing to show for their money but the rosy-hued
prospect that, at some time in the near future, there
will be an adequate dividend to compensate them for
their risk, and now, when these hopes are about to be
realized, in a modest degree, they are confronted by
municipal ownership. He must either compete with
the city—which, through ignorance, will furnish lights
below cost—or sell out. The latter proposition is
impossible, for he can not hope to dispose of a plant
that has depreciated fifty or seventy-five per cent
without great loss, therefore he is compelled to con-
tinue in business with his former heaviest consumer,
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now his strongest competitor, with the prospect of
having to renew his plant within a very short time,
at a heavy expense, and knowing full well that there
is room for but one paving plant in a city of that
size.  Such conduct on the part of the city amounts
to the indirect confiscation of property; obtaining a
competent and effective service for years without
profit, holding out the alluring representations of a
future gain.

Municipal ownership is unjust to the taxpayer.
That through ignorance or willful errors in keeping
accounts it is certainly true, in most cases, that lights
are furnished to the city and private patrons at a
loss, and the deficits charged to some other accounts.
Very few of its citizens are able to take the lights at
the reduced price, for the great majority of its citizens
arc day laborers, who are paying for their homes, and
can not afford to take the lights even at any price, but
who eventually must help to carry the burden of the
ever-increasing loss, thus making the many help pay
for the luxuries of the few. The City Clerk of Ham-
ilton, Ohio, utters a dismal wail, recorded in the
Electrical Engincer. He says: * Hamilton, of all the
aties in the United States, is the most afflicted with
the municipal ownership craze, and, having had its fill
on theory, is now reaching the result under adverse
circumstances. We are deluded in the belief that we
have cheap water, cheap gas and electric lights, but
when we add to these luxuries the fact that we have
so raised the rate of municipal taxation until it has
become burdensome, and then compare with other
cities of our size, we are not so well off as we think
we are. We are taxed to pay the interest on the gas-
works and the electric light plant, as well as to pro-
vide for the redemption of the bonds, and we arc also
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taxed for the purpose of lighting the corporation,
which is nothing more than a double taxation.”
Municipal ownership has cost the city $575,000. It
is reported that an order has been made to discon-
tinue the electric lights, on account of lack of funds.
This has been a very expensive experience for Ham-
ilton, and the taxpayer who has burned nothing but
an oil lamp now helps to pay the bill.

The result, in most cases, will be less efficient serv-
ice than under the competitive system. Central station
men who have been in the business for a long time,
and who have had years of experience, are, without
doubt, the most competent to give the best service of
the times. He surrounds himself with expert elec-
tricians and a corps of able assistants who have been
educated in the business and retain their position by
the strictest attention to duty. He is continually
devising means for improving his service, not only in
employés, but also in the latest improved machinery.
On the other hand, municipalities change their officials
frequently, and new men take control. Councilmen
who oftentimes are not even good business men, and
have no knowledge of apparatus and electrical affairs,
pass on the purchasing of supplies and the compe-
tency of electricians and engineers, deposing experi-
enced incumbents and apportioning political plums to
friends of but ordinary ability. The men now in
control attempt to compete with electrical experts
and competent engineers of long experience, and about
the time when they are beginning to understand their
plant and how to save loss—in a year, or possibly two
—the Council changes, and they must step down to
make way for those of. even less ability. Again, in
smaller cities councilmen are often elected on the
single issue of economy, and in order to fulfill thc
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expectations of their constituents, they must cut
cxpenses. The first attack is made on the official
_salaries, which results in filling responsible positions
with inefficient men. Experts can not afford to edu-
cate themselves for positions commanding low salaries
and subject to the vicissitudes of municipal politics,
and we all know too well the cheap men in this
business are the most expensive. Then, again, the
economical councilmen will object to improving the
plant, which will require vast sums in replacing that
which has but lately cost so much, and for which
they have not as yet finished paying. This is espe-
cially so if the improvements are demanded in a time
of financial depression, and when taxes are already too
high. Electrical plants, of all apparatus, are the most
liable to be out of date, as in this class of machinery
improvements are sudden and extremely radical, and
what to-day is the best that can be bought, to-morrow,
next month, or next year, is nothing but scrap iron
if placed on the market. City Councils do not real-
ize this, and in nine cases out of ten, would refuse
to appropriate the necessary funds for the needed
improvements, and, as a consequence, their antequated
machinery, combined with inexperienced management,
gives the city the meanest service for the highest
price.

The glowing reports from cities that are experi-
menting with this question are unreliable and mislead-
ing, except to the electrical profession. In some cases,
where the plant is new and there is no perceptible
depreciation, and where they have providentially escaped
accident or disaster, no doubt these statistics are hon-
estly, though ignorantly, compiled, deceiving the tax-
payver into the belief that their venture is a glorious
success. The engineer’'s salary and the coal bill are
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often charged to the water department, and the water
consumer helps pay the electric light bill. ‘

In most instances the item of interest on the out-
standing bonds is charged instead of interest on the
entire plant, and four per cent depreciation is charged,
whereas from ten per cent to fiftecn per cent should be
the rate. In some cases losses by fire are not accounted
for; in others accidents are never charged. The loss to
the city of the taxes that would be paid in by a private
corporation is not computed, and in a great many
cases the accounts are so mingled with other depart-
ments that it is impossible for even the officials them-
sclves to tell how much the lights for street purposes
cost the city. The chairman of the Special Com-
mittee of the Municipal and Opposition Owner-
ship, in his report to the Northwestern Electrical
Association, says: ‘We have endeavored to investi-
gate the results obtained in the municipal plants
already established, but find that "this can not be
properly done, except by sending a capable repre-
sentative to these plants. We have written for
regular city reports, and have sent out blanks request-
ing answers to a number of questions asked. We
find that, in the majority of instances, the expensc
report, as covering the cost of electric lighting, does
not cover such cost, as is evidenced by finding electric
light expenses charged under separate heads, and in
but few instances does the city figure anything against
the plant for interest, depreciation, taxes, water rent,
office rent, management, fire insurance, water insurance,
employers’ liability insurance and general risk. It is
needless to say that, without including but a portion
of the expense of conducting an electric light plant,
they can send out reports that look very inviting te
other cities that are paying a fair rate for lighting
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their streets and houscs. The casicst way to demon-
strate the fallacy of this scheme is by making a
personal investigation and determining just what
portion of the expenses are omitted that should be
figured against the cost of the city’s expenses in
operating their electric light plant.”

I have personally visited Niles, Kalamazoo and
South Haven, Michigan, and I know that these cities are
paying more for their lights than their official reports
show what they cost, and yet they are considered
among the list of those who are successful with
municipal lighting. The city of Detroit has probably
the finest equipped plant in the State of Michigan,
and operated under the most advantageous circum-
stances, and yet she pays $100 in round numbers per
lamp for 1,483 lamps, under municipal ownership,
while St. Joseph and Benton Ilarbor, under the
relentless pressure of a private corporation, only pay
$90, on an average, for sixty-two lamps. Tipton, Ohio,
and Marquettc, Michigan, had serious accidents, and
the deluded taxpaver, with his eyes partly open, refuses
to vote more money for such a hazardous enterprise.
It is not every city that can boast of the advantages
which South Norwalk, Connecticut, enjoys, and of
which she should well be proud, in that she has an
expert electrician and a retired army officer to guard
her plant from the evils that have blighted most enter-
priscs, and, no doubt, to their efficient services is due the
momentary success attributed to that municipal plant
(I am informed, however, that their services are free
to the city); but in thc great majority of cases the
city is not so favored, and the central station man, by
his well earned knowledge and education in the pro-
fession, by his intimate acquaintance with the plant,
and by the rigid economy that only comes from long
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experience, is enabled to furnish the city with the
most efficient service, at the same price, or even less,
than it actually costs the city to produce its own light,
and yet save for himself a reasonable profit for his
enterprise.

At this present writing, however, municipal light-
ing has not passed through its most dangerous period,
and it is difficult to predict its final result. It is now
but at the dawn of its existence, but a December
day will be long in comparison with the life it has
to run, for when bonds are to be redeemed, accidents
befall the plant, and a depreciated plant is to be
renewed, then comes the trying ordeal, and woe be
to the city that has not provided against that day, but
has wasted its substance in' riofous living, for then it
will be found to have nothing left for its existence
but the husks of ‘““Municipal Lighting”.

It is to be hoped that each and every member of
this association, and of every central station, will
constitute himself into a committee of one to get
reliable data concerning municipal ownership, and
present it in a proper form to the thinking public of
this country, and after a full and thorough examination
by the voters and taxpayers in this broad land, I
think the question will be effectually settled.

Thanking you for your attention, and hoping for
your hearty co-operation in dealing with this all-
‘important question, I respectfully submit this paper
for your consideration.

DISCUSSION.

Tue Presipext: Mr. Bean's paper is before you
for discussion.

Mgr. Domnerty: 1 consider this subject a very,
very serious one. I am out of the woods myself,
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but I have had a little experience with it; Mr. Bean
has, and several other members. I think it a matter
that would warrant the attention of this association—
their continued attention, rather; and the portion
referring to the data furnished, except by sending a
representative to the plant, T wish still further to
corroborate. I have had some experience in that as
former chairman of the Northwestern Electric Asso-
ciation. The city plants now in operation are, many
of them, dismal failures, but every one of them sends
out reports that look very inviting to other cities. [
merely rose to urge that, although the paper may not
have a great deal of discussion, the members treat it
seriously, and continue the protection in this line that
the association has already endeavored to provide.
Mgr. BeEcgs: The remarks of Mr. Doherty prompt
me to suggest taking a text from the President's
remarks this morning, that he didn't think it neces-
sary for an association of this kind to have a large
surplus fund. It seems to me that there is no use to
which the association could devote a part of its funds
with greater advantage to the central station and
lighting interests of the country than to employ an
intelligent, painstaking cxpert to gather reliable data
from a number of municipal plants in different sections
of the country. As has been well stated in this
paper, the data that are available, except in a very
few cases, are unreliable in the extreme. 1 believe
that the only municipal plant that has put forth a
report that is entitled to any respect as to its credi-
bility, is that of the City of Detroit; and certainly
any central station manager here would be very glad
indeed, 1 think, if he were running the central station
in Detroit, to furnish their lighting at quite as low
rates as they are getting now, and relieve them of all
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the disasters that Brother Bean has suggested arc
likely to overtake them in the future in connection
with their own investment. But, as I had occasion
to say once before in this convention, I think the

City of Detroit was entirely justified in doing what if
did. It was driven to it. And, gentlemen, let
us take a text from that .ourselvess. Do not
compel the municipalities in which you are managing
electric light plants to put in for their own protection
the means of lighting themselves. [ take two papers
that have been presented here this afternoon, and I
contrast them, and I would suggest that, from my
standpoint, it would have been better if some of the
things said in the paper read a little while ago had
not been said. 1 refer to it now simply to suggest
that in the paper read by Mr. Cahoon earlier in the
afternoon session, the inference might be drawn that
the balance of your business in many of these cities
in which you are doing business is unprofitable, but
it is made to show a profit because of your city con-
tract. [ refer you to the first page of Mr. Cahoon’s
paper. I desire to draw attention to that fact, because
it is incumbent upon us who have large -capital
invested in different sections of this country to ‘feel
that we are doing what we can in a legitimate way
to render unnecessary the exploitation of municipal
plants by municipalities over the country; and, therc-
.fore, we should see how we can reduce the cost of
producing electric current to such a price that we can
show to a city that we can supply current because of
having this expert knowledge, better knowledge of
the conditions necessary to run a plant economically,
than they can possibly have.  But, unfortunately,
many plants throughout the country have not done
that; and, Mr. President, I have to suggest—I do
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not think it desirable, possibly, that it should be
known generally—but there are plants all over this
country whose statistics I think it very evident are
inaccurate, to put it in the most charitable sense, and
I think we should have accurate figures from them;
and these could only be obtained by sending an expert
there, paid by this association, to get the figures.
Let us know the facts; it is high time we had them.

Tne PresipeNt: Do you suggest an cxpert
accountant, an expert electrician, or what kind of
expert ?

Mr. Becss: Either one. We must have a man
that knows enough about the expert side of it and
likewise the commercial side of it, to get these
figures.

THE PRrRESIDENT : Mr. Beggs, Judge Armstrong sug-
gests, I think very fitly, that that motion come before
our executive committee, which will be convened in
a few minutes. It has been moved and seconded that
a vote of thanks be tendered to Mr. W. Worth Bean
for his very interesting and instructive paper. It is a
matter that will come before our active members again
in executive session, and it is certainly one of the
most important subjects with which the central station
man has to deal. I think Mr. Beggs has indicated in
a certain way something like the action that may be
taken, and we may take action also. My successor
may decide to take action in other directions, and, at
any rate, I think the association is fully alive to the
necessity of protecting the central station interests, as
referred to in my address this morning, from the vari-
ous troubles that threaten them, and not only fully
alive to the situation, but has reached the point when
it is fully able to act, and act with force. [ am quite
sure we stand in a different position to-day, in that
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regard, than we have done since I remember, or since
I have been a member of the association, extending
back a good many years, because I have had the
honar of being an officer for the past six years.

The chair appoints Mr. Ayer, as the mover, Judge
Armstrong and Senator Foster M. Voorhees, of Eliza-
beth, N. J., as members of the committee to draft a
law providing for the punishment of the theft of
electric current.

THE PresipeEnt: I have been handed the following
telegram :
“Forr MoxNROE, VA, June 7th, 1897.

“GEORGE F. PoORTER,

*“ Secretary National Electric Light Association,

‘International Hotel, Niagara Falls, N. Y.

“If not decided on your next meeting place, would
like to have you arrange to convene at the Cham-
berlin, Old Point Comfort, Va. Master Car Builders
and Master Mechanics in session here now. Hotel
large enough to accommodate all of your convention.
Large hall for holding your meetings. Lverything on
broad gauge. Would be pleased to have you.

“GeorGE W. Sweet, Manager.”

I would suggest that this, like the other invita-
tions, be referred to the executive committee, to be
acted upon at the proper time. If it is your pleasure,
we will refer this to the executive committee.

Tue PresipEnT: Gentlemen, the general proceed-
ings will now be adjourned for this afternoon, and
the executive session, composed only of active members
of the association, will now convene.
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I might say that from now until six or seven
o'clock every delegate to the convention—active, asso-
ciate, honorary or otherwise—is invited to visit the
power house of the Niagara Power Company, and
those of you who are not going to attend the execu-
tive session as active members, can proceed there now,
and the active members will follow later on, after the
executive session is over.

Junce ARrRMSTRONG : Before our associate members
leave, I would ask whether there is any other matter
that you want to have come up this afternoon. While
we are required, as I understand it, to give up the
time at the close of each day to an executive sessien,
[ would, barring therc being some other matter to
comc up, as we all want to go to the power house,
move that the executive session be continued.

THe Presipent: I would suggest that we call the
executive session, and it is within their province to
adjourn, if they so desire.

Adjourned to executive session.



Mr. White then read his paper, as follows:

THE NIAGARA-BUFFALO TRANSMISSION LINE

Members of the National Electric Light Associaticn
and [Its Guests, Ladies and Gentlemen :

Before taking up the subject of this paper as
given on the programme of this meeting, I crave your
attention to a few words of apology, or, more prop-
erly speaking, of explanation. Some weeks ago, I
notified the president and secretary of your association
that it would be impossible for me to comply with
their courteous request to prepare a paper on the
Niagara—-Buffalo Transmission Line, for several rea-
sons, principal among which were the facts that, up
to date, no measurements had been made to deter-
mine the exact capacity, induction, power factor, eff-
ciency, or other similar attributes of the line, and that
I was so occupied with an unprecedented amount of
work in connection with my regular duties as to
make it impracticable to find time to arrange in pre-
sentable form even the few facts obtainable with refer-
ence to this line. You can readily imagine my sur-
prise, therefore, upon receiving the programme of this
meeting a few days since, to see that the mere fact
that there was nothing to say on this subject, deserv-
ing the attention of this association, had been disre-
garded in making up the schedule of these sessions.
Under these circumstances, the blame for occupying
the time of this meeting with facts too well known
and too dry to descrve its attention, must attach to
your officers.
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The possibilities of the utilization of the almost
infinite power of the mighty cataract whose thunders
are audible from this building, has been dreamed of
and written about ever since the days when the old
French monks first attempted to convert the Indians
living in this and more western regions.

A few days ago, I received a letter from Mr.
Silas P. Dutcher, formerly Commissioner of Public
Works of the State of New York, in which he dwelt
on his personal recollections of the predictions as to
the useful development of this power which the elder
Roebling was wont to make some forty-six years ago,
while erecting the first suspension bridge over Niagara
River, the successful completion of which did so much
toward securing recognition of American engincering
ability as belonging to the world's front rank. This
letter spoke also of the fondness with which former
State Engineer Evershed was accustomed to dwell
upon the possible development of Niagara's tremendous
and untiring energy. A most fitting and enduring*
tribute to this same engineer (Mr. Evershed) 1s to be
seen in the splendid plant of the Niagara Falls Power
Company, some of his fundamental ideas as to its
hydraulic development having been adopted by the
Cataract Construction Company. This letter, written
by the President of one of Brooklyn's most influential
trust companics, illustrates the fact that we are living
in a utilitarian age, and that others than engineers
and manufacturers of machinery are interested in such
developments as have for some years been going on
in this neighborhood.

The character of this work, as exemplified in the
power house, switchboard, and other details of the
plant of the Niagara Falls Power Company, is such
as to deserve the thanks of this association and of all

10
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others interested in electrical development, on the
ground that such working exhibits of high-grade
installations have a tendency to raise the standard of
all future work.

The poetic, imaginative and prophetic features of a
transmission line from Niagara Falls to Buffalo and
more distant points, have been thoroughly amplified
and beautifully expressed, not only by such famous
engineers as those above mentioned, but hy such
eminent men in our profession as Dr. Sellers, Mr. S.
Dana Greene, Mr. T." C. Martin, in his lecture,
“ Niagara on Tap,” as well as by numerous members
of the technical and general press. These features
will doubtless be most aptly illustrated, both in
metaphor and on canvas, by the eminent electrical
engineer of the Cataract Construction Company in
his lecture this evening, so that no attempt whatever
has been made in collating this hasty sketch to
accomplish the impossible task of vying with these
gentlemen, even in a small way, by the slightest
attempt at the imaginative.

My first personal knowledge as to the then pro-
posed transmission' line between Niagara Falls and
Buffalo, dates from the autumn of 1894, when the
White-Crosby Company was asked to prepare and
submit detailed plans, specifications and proposals for
its construction. It was then found that the engineers
of the Westinghouse and General Electric Companies
had both recommended the construction of circuits of
three wires, adapted to the three-phase system, each
wire having an area of about 330,000 circular mils.
Beyond this, no definite plans had then been
determined upon. The engineers of the Cataract
Construction Company at that time considered it
advisable to have the line built entirely of iron poles,
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and detailed drawings and specifications were accord-
ingly prepared and submitted, showing alternative plans.
The first included two entirely independent lines of
iron poles, not less than forty feet long, weighing
something over 2,000 pounds each. The second
consisted of lines of poles of about the same height,
weighing 1,000 pounds cach, set in pairs and tied
together by deep trusses, which served both as braces
against the terrific wind storms that sometimes sweep
across Lake Erie, and as a means of carrying part of
the wires. A steel truss, fulfilling admirably this
double function, was designed, which weighed about
600 pounds; the company’s right of way being about
thirty feet wide, and the lines of poles located fifteen
feet between centers. Several wooden trusses were
designed for the same purpose, but, while better from
an electrical standpoint, these were all so clumsy in
comparison with the iron poles that preference was
given to the steel truss. Various designs of poles
were considered, including several built up from
*rolled shapes,” final preference being given to plain
tubular poles, on account of their ability to withstand
equally rains from all directions, their appearance, and
the ease with which they can be kept painted.

Numerous designs for cross arms were also con-
sidered, including those made from ‘rolled shapes,”
composite arms (part wood and part steel), and those
made entirely of cast iron or of wood. The latter
two were preferred, on account of the ease with which
thev could be designed to accommodate either wood
or iron pins.

In determining the details for these alternative plans,
it was assumed that poles would be[set in concrete
and spaced one hundred feet apart; that each wire
would weigh one pound per linear foot; that the
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three wires composing each circuit were to be placed
at the corners of an equilateral triangle having sides
at least three feet long, and that the lateral strength
of -the line was to be not less than three times the
forces produced by wind acting with a pressure, at
right angles with the direction of the lines, equal to
thirty pounds per square foot on the projected surface
of the poles, arms, insulators and wires when the latter
were covered with a coating of ice one-half inch
thick. As a matter of fact, the heat generated by the
current passing through the wires, together with the
static effect tending to repel all particles of moisture
coming in contact with the wires (this effect being
quite noticeable on a 10,000-volt line), would combine
to prevent the formation of any such coat of ice unless
at a time when current was off the line. Any error
thus introduced was on the safe side, and consequently
not objectionable.

Full proposals, with detailed plans and specifica-
tions for the construction above outlined, were sub-
mitted October 11th, 1894, and the amended proposi-
tion for carrying out the construction on the same
general lines was submitted March 13th, 1895. Noth-
ing further developed in the matter until June, 1896,
when new proposals were asked for the construction
of the line, on the assumption that white cedar instead
of iron poles should be used throughout. Such pro-
posal was submitted June 18th, and was accepted some
days later. In working out the details of the line as
built, the same general assumed data above given were
used.

When the route for the line was finally determined
upon, its length was found to exceed twenty-seven
miles, instead of being twenty-five miles as previously
assumed, and the area of the wirc was consequently
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increased from 330,000 to 350,000 circular mils. The
wire actually erected is composed of nineteen strands,
having a combined area of full 350,000 circular mils,
and weighs nearly 6,000 pounds per mile.

In designing a transmission line, the three most
important factors probably are:

ist. Its ability to carry its full load continuously
and without interruption.

2d. Cost.

3d. Efficiency.

The first cost of power used to develop current
for a transmission line is usually low; therefore the
efficiency of the line is not of primary, although of
great, importance. Those of us familiar with the
development of the street railway motors have seen in
practice an illustration of the fact that efficiency is not
always a controlling factor. There has probably never
been in general use another street railway motor so
efficient as the Sprague Number Six, yet a distinct
advance was made in sacrificing efficiency to mechan-
ical strength, and in subjecting track joints to what
at first appeared to be an unnecessary, and certainly
to be deprecated, wear and tear, in order to decrease
the interruption to trafhc.

First cost, within reasonable limits, should always
be considered secondary to good construction, so that
you will probably concur in awarding first place, as a
factor in problems of this nature, to the avoiding of
interruptions.  This is surely of primary importance
in lighting work, and it is easy to conceive of cir-
cumstances where the uncxpected shutting-off of
power might have more serious, or, possibly, more
fatal, results than could ever arise from sudden dep-
rivation of light. Entering into this problem of sure
and continuous operation, we have the same two (ac-
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tors' entering that usually confront us in connection
with any electrical installation; namely, insulation and
mechanical strength. In low-tension plants of all
kinds, the insulation is usually accomplished with ease,
and any probable defects are likely to be of minor
importance, but, on such a line as that under discus-
sion, the importance of these two factors is practically
equal, and they are mutually interdependent. This has
been practically illustrated by the experience afforded
by the present line. With units of an ordinary size,
a short circuit on a line carrying 10,000 volts, even if
through a defective insulator, a wooden cross arm and
a wooden pole, would make itself manifest at the
power station by the opening of a circuit breaker, the
‘blowing of a fuse, or some similar method. With
the huge generators that furnish power for the line,
the effects are different. Of what importance to a
5,000-horse-power dynamo is the current that would
leak down a wooden pole, even when wet? Never-
theless, this same current is sufficient to char or burn
the pin under a defective insulator. During one night
last fall, while an attempt was being made to operate
the line on temporary insulators,—the best obtainable
-at the time—the ends of no less than five of the
large cross arms used on this line were burned entirely
off, and this, too, without any manifestation having
been made at the station that anything unusual had
occurred. This naturally raises the questions whether
it is possible to procure insulators that can be depended
upon to maintain the insulation on a circuit carrying
10,000 volts or over, and whether it is not good prac-
tice to have fewer poles, and, consequently, fewer weak
spots in the form of insulators. There are two sides
to this question, and both deserve serious consideration
in designing any transmission line. Let us assume that
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poles-are set one hundred feet apart, and allow a sag
in wires between supports of twenty inches, or one-six-
tieth of the length of the span. We find that the
area of the wire in use on this line is .267 of one
square inch, and that its tensile strength, even assum-
ing a high value for soft copper, is about 10,000
pounds. Allowing the same deflection,—one-sixtieth of
the length of the span—this determines the maximum
safe distance between poles as 178 feet, allowing a factor
of safety of four, and shows that the cables might be
expected to break if the span were lengthened to 712
feet, not allowing for wind pressure or extra load due
to ice.

Assuming a tensile strength of 8,000 pounds per
square inch for yellow pine, we find that the larger
cross arms used on the line. which are twelve feet long
and nearly five inches wide by six inches high, would
support a load of 270 pounds on each end without
bracing, and of 360 pounds on each end with the
steel angle braces used, and this, too, with a factor of
safety of ten—an unnecessary margin, when we con-
sider that the arms are all specially selected heart,
long-leaf Georgia pine.  Similarly, these cross arms
would have the same factor of safety carryving three
power cables on each side with spans 177 feet long
if without braces, and 266 feet long with braces.
Besides giving this added strength, the braces used on
this line prevent such vibration and oscillation as
usually take place with the ordinary strap iron braces;
such oscillation being the cause of many of the petty
troubles on ordinary lines. These braces were each
made from a 'single piece of steel angle, two and one-
half inches by two inches by one-fourth inch, bent to
shape and forming, when finished, a truss eighteen
inches deep and five feet in extreme length, their



136

weight being a little over twenty pounds each. Assum-
ing. again, that poles are set one hundred feet apart, we
find that twelve wires, with cross arms, insulators, etc.,
would present an area to the wind aggregating about
sixty-seven square feet, and that, consequently, each
pole would be subjected to a side strain, when wind
pressure was thirty pounds per square foot, of about
2,010 pounds. A sound fifty-foot cedar pole, eight
inches diameter at top and eighteen inches diameter .
at butt, eight feet being rigidly in the ground, would
be capable of withstanding, before breaking, a side
pressure, near its top, of only about 4,900 pounds
when a layer two inches thick had decayed around its
circumference.

With spans of one hundred feet, the pole would
therefore have a factor of safety of only about two
and one-half inches when new, while the wires would
have a factor of safety of about seven and the cross
arms of about twenty-six. The advantages of having
cross arms amply strong are so evident, and the
possible reduction in cost such an insignificant part
of any ordinary line carrying much copper, that it
would seem foolish to reduce the size of these in
order to bring their strength down to correspond with
other parts of the line.

It is evident from the above that the weakest point
of this line, mechanically, is the pole, in spite of the
fact that, as advised by one of the prominent members
of your executive committee, final decision was made
in favor of spacing the poles seventy-five feet apart
on straight, and proportionately closer on curved,
parts of the route. The only reasonably safe and
practicable method of decreasing the number of weak
spots furnished by the insulators, would be to use
poles larger than eight-inch tops, or to brace the
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poles to withstand this wind strain. Fifty-foot poles,
having tops greater than eight inches, are now hard
to find, and although thirty-five-foot poles were used
on a part of the company's private right of way,
nevertheless, many fifty-foot, and even a few sixty-five-
foot, poles were required to avoid obstructions and for
crossing railroads and highways. The only feasible
plan, therefore, would seem to be to brace the poles
laterally, which can readily be done if set in pairs,
but which would be very difficult to accomplish in a
satisfactory manner with a single line. This naturally
brings us back to the question, ‘‘ Are insulators such
insurmountably weak links in such a chain, and is it
not possible to get insulators that can be depended
upon even when supporting wires under a pressure of
10,000 volts?” This can be most satisfactorily
answered by again narrating the experience with this
line. During the past eight months, insulators have
been sent to Niagara Falls by four of the works
which are among the first six in this country in the
production of porcelain for electrical use. Of a sample
lot of ten received a few days ago for test from one
of these factories, one had broken in transit, cight
broke under the strain of electrical pressure varying
from 16,000 to 36,000 volts, and the last broke under
40,000 volts’ strain. This latter would seem to be a
minimum safe test limit for any insulator expected
to sustain a regular strain of 10,000 volts, and is a
test that any mechanically-good, well-vitrified insulator
of ordinary design will pass. As several previous lots
from the same factory showed even poorer results,
the manager of that company states that he hopes
within a few weeks to be able to furnish insulators
that will stand a 40,000-volt test. It is only fair to
state that these insulators were of a smaller type than,
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and different design from, those in use in the Niagara
line. Several lots of somewhat similar insulators from
another factory gave about the same results.

Several thousand insulators, of a diameter almost
equal to the round type now on the line, but of a
design somewhat different in details, were furnished
by a third porcelain works. These were all supposed
to have been tested, and to have successfully withstood
-a pressure of 40,000 volts at the factory before ship-
ment. When, however, these were tested at Niagara
Falls by Mr. Lincoln, the electrical superintendent of
the Cataract Construction Company, it was found that
a large majority of them broke down under a 40,000,-
volt test, illustrating that a dry test, such as had pre-
viously been made, is useless for practical purposes.
The method of test used at Niagara Falls was as fol-
lows: The insulators were set inverted in a shallow
iron pan in lots of about twenty, the bottom of the
pan being covered with an inch or two of water con-
taining a little salt. A little of the same brine was
poured into the pin-hole of each insulator, and into
this was thrust a small piece of metal, such as an
ordinary iron spike or the small, round, zinc rod from
an ordinary sal-ammoniac battery, this being connected
to one side of the testing circuit, the other side being
connected to the pan containing the insulators. After
the metal rod had been placed in the brine in the
pin-hole of an insulator, the primary circuit of the
testing transformer, specially built for the purpose, was
closed, and, if the insulator was weak, this was quickly
manifested by a series of sparks through the punctured
porcelain.  Experiments made with pure water and
with brine showed that there was no difference in the
results, but that any weakness was manifested a little
more quickly with brine; besides which, the salt
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imparted the characteristic bright sodium color to
sparks otherwise almost colorless and difficult to detect.

As it was important that the line should be ready
to deliver current by a specitied date, the test was
reduced on these insulators to 20,000 volts, and all
that withstood this pressure were passed for temporary
use. These insulators were later replaced by some of
those now on the line, all of which successfully passed
a 40,000-volt test made as above described. The tem-
porary insulators illustrated the old saying that every
rule has its exception, for when, after removal from
the line, they were tested under 40,000-volt pressure,
a solitary insulator, from a total of 1,150, was able to
pass muster.

Of the insulators shipped by the fourth factory,
and of the two types now on the line, about twenty-
five to forty per cent were usually found to be defect-
ive, breaking down under 40,000 volts; this percent-
age decreasing in the last shipments received. It is,
however, worthy of special note that since the last of
the temporary insulators were removed from the line,
there has not been one minute’s suspension of current
supply due to defective insulators. During this time,
some three or four months, three insulators have been
replaced, none of these being of the oval type. Two
of these three had been broken while being put
in place, and the third was broken by a stone or
other missile. In all three cases, only the outer petti-
coat was broken, and the insulator continued to do
satisfactory service until such time as it could be
replaced without affecting the operation of the line.
Apparently, therefore, it has been demonstrated that it
is possible to secure insulators that are reliable. That
there have bcen no greater troubles in the past from
defective insulators, is probably due to the fact that
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most of the large transmission plants in operation
under high voltage, up to within a few months, have
been in the far West, where a climate prevails very
different from that natural to this immediate region.

In the above and other experiments with insulators,
some interesting facts have been developed, and are
worthy of note. The insulating strength of porcelain
depends almost entirely on the thoroughness of its
vitrification, and very little on its thickness; a thin
china teacup having successfully withstood a pressure
of 60,000 volts, while a coarse piece of porcelain two
inches thick was readily pierced by 25,000 volts. It
is, therefore, practically unnecessary to test electrically
any insulator which, when broken, will not pass a good
absorption test, using red ink or other fluid.

It is quite, if not entirely, impossible to puncture
a glass insulator, even an ordinary pony telegraph
insulator withstanding any pressure that can be applied,
the last being determined by the pressure that will
send an arc around the insulator. The objection to
using glass insulators in the past has been due to the
difficulty in getting a well annealed and mechanically
strong insulator of such massive design as is needed
for this work, and to the hydroscopic property of
glass, which 1s not shared by porcelain. The first can
unquestionably be overcome by care in manufacture.
The importance of the second has probably been
exaggerated in most calculations made in the past, due
to an inadequate appreciation of the static effects of
10,000 volts in warding off snow-flakes and drops of
rain, and, to a less extent, of the rapidity with which
water falling on such insulators is evaporated by the
heat of the current lcaking over the surface. It is,
consequently, reasonable to expect that the use of
glass insulators for high-voltage lines will greatly
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increase with improved manufacture. Meantime, any
lines erected should have the best obtainable porcelain,
and every insulator should be subjected to test.
Before closing, it is natural to ask, *“Is the line
as built a genuine success? Can it be depended on,
and is it effective?” In answering, let me give briefly
some of the facts. The line now in operation is over
twenty-six miles long, of which the last 4,000 feet is
under ground, the current being carried in lead-covered
cables with rubber insulation, these having been drawn
into terra-cotta duct conduit built especially as part
of this line. These cables successfully withstood a
test of 40,000 volts, are guaranteed for five years
under working pressure up to 25,000 volts, and were
punctured during test only by a pressure estimated by
Mr. Lincoln as about 80,000 volts. They have given
no trouble since current was first turned on the line,
November 15th last, except at two imperfectly made
joints. Except for the short time needed to repair
one of these joints, there has not been a single shut-
down chargeable to the transmission line itself since
the last temporary insulators were removed, some three
or four months ago. A number of interruptions to
service have occurred during that time, due to derricks
used on the work now being done on the Lrie Canal
hitting wires, undermining of poles and conduit by
this work, and to allow new lightning arresters to be
put in circuit at transformer houses. Except for these
extraneous and unusual causes, the service has been
perfect, with the slight exception noted above. One
short interruption early last winter was due to the
dead limb of a tree blowing across the wires, illustrating
the fact that all trees should be cut down for some
considerable distance on both sides of any high-voltage
line. The line shows an insulation resistance of some
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250,000 to 300,000 ohms on wet, and about 1,000,000
ohms on dry, days, this being between any one of the
three wires and the ground, the insulation, therefore,
varying from 6,000,000 to 25,000,000 ohms per mile
of wire.

The actual working efficiency, as shown by the
wattmeters in the low-tension alternating circuits at
Niagara, and the direct-current s5o00-volt circuit ag
Buffalo, was 79.6 per cent, this being for a consider-
‘able period and a fluctuating load. This efficiency
included loss in step-up transformers, line, step-down
and rotary transformers. It is probable that any
decrease in this, due to greater line loss with larger
load, would, to a considerable extent, at least, be off-
set by increased efficiency of -transformers. In view
of these figures, we hope you will feel warranted in
indorsing the opinion that Niagara power s now
being satisfactorily delivered in Buffalo.

One of the questions often asked is why this entire
line was not placed under ground. One of the prin-
cipal reasons was that the line of twelve wires, having
a capacity of 20,000 horse-power, would cost, irrespect-
ive of right of way, fully one million and a quarter
of dollars, if under ground, and only about one-third
of that amount over head, making a difference in
interest charge.

Of such total costs, about twenty per cent would
cover cost of conduit, complete, including manholes,
the remaining eighty per cent being lead-covered
cables.

Of the overhead construction cost, slightly over
eighty per cent is bare copper wire; less than ten per
cent covers poles set in place and about three per
cent covers insulators.

It is probable, therefore, that the depreciation of
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the lead-covered cables’ will greatly exceed that on
pole line, the first cost being some thirty times as
great and the depreciation of the bare copper being
negligible. Aside from this, experience to date has
not demonstrated that the underground line would
be morc reliable, which alone could justify the
increased depreciation and interest charge.

As a final deduction, it seems reasonably certain
that it 1s now possible to build either overhead or
underground transmission lines—even in regions subject
to much cold. damp weather—capable of carrying
current at 10,000 volts, or higher, pressure, which can
be operated with efficiency and every assurance of
uninterrupted service.

DISCUSSION

THe PresipeNtT: Gentlemen, this paper is now
open for discussion.

Mg. Seerv: I should like to ask Mr. White
whether it is necessary to shut off the current when
they replace their insulators ?

Mgk. WHiTE: Some insulators have been changed
without shutting down, and it is quite practicable to
do that where the wire has not been tied in. Where
it has been tied in, unless on a very dry day, I would
rather somebody else should attempt to replace the
insulators with the current on. But I know of other
10,000-volt lines where it is done, and by having a
large stool, mounted on four porcelain insulators, on
which a ladder can be placed, it will be entirely
possible for a man to get up to the line and replace
the insulator. The only trouble about it is that with
10,000 volts the capacity of a man is sufficient to
absorb considerable spark, and if the man were nervous
he might get shock e¢nough to knock him off the
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ladder, so it is not a pleasant task; but it is entirely
possible of accomplishment. We did replace a number
of insulators where the wire had not been tied, by
lifting the wire on the top of another insulator which
was mounted on a long stick, and then replacing the
insulator and letting the wire come back into place.
In actual construction, the wire, as you probably
know, was not placed at the corners of a triangle, but
the line was divided into six sections, and at five
points the three wires were given a twist, so that for
two of the six sections éach of the three wires occu-
pied relatively the position of one, two and three, and
this counteracts to a considerable extent the induction
that would otherwise be exerted.

Mzr. BEan: 1 understood, Mr. White, that it was
necessary to cut the trees for a certain distance on
each side of the line.

MRr. WHITE: Yes; I should say that, under all
circumstances where it is possible, unless the right of
way cost too much or is too expensive, it ought to
be done, so that no falling trees can reach the line.
Of course, that would make it absolutely safe. But
from that limit, what is feasible would be determined
largely by the cost of getting the right to cut-down
trees, and would be advisable, certainly thirty or forty
feet on each side, and more if possible.

Mw. SeerLy: I presume time alone will demon-
strate the cfficiency of the 30,000 or 40,000-volt tests
applied to the insulators?

Mgr. WHITE: Yes; of course there are no data
as to that. But the mere fact that not a single insu-
lator has broken down during this time, is pretty good
evidence. With the other insulators which were put
up temporarily, the depreciation on the line was quite
rapid, as mentioned in the paper. Wec used to have
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cross arms burn off quite frequently, and that came
from the fact that, although these insulators had stood
the 20,000-volt test, and there were only 10,000 on
the line, yet enough rain would strike them to gradu-
ally moisten the porcelain, and, of course, as they
absorbed this moisture, the insulating properties would
drop down to so small a value that they allowed the
current to go through until it burned off the cross
arms with the arc that would form. That, of course,
would break the contact, and the arc would stop of
its own free will. In regard to these two insulators,
I might say that the probable cause why this one
(indicating) has stood more than the other, is that it
is a little stronger mechanically, and the three breaks
were all due to some mechanical trouble, and it is
probable that the difference is due only to that
mechanical strength. The advantage that those have
carrying the rain over and letting it drop down to
the side of the cross arm is perhaps of some value,
although not as yet demonstrated to be of any great
importance. The only place where we have had any
illustration of an advantage that it might be, was
where a tie wire, after being twisted around the insu-
lator, was carried down toward the cross arm, and the
arm was burned by the current starting, following a
drop of rain from the end of the tie wire to the arm,
and thus burning the arm, and for that reason it
might be better to have the rain carried off to the
end, and then it will drop clear of the arm to the
ground. But probably that is not of any great impor-
tance.

Mgr. Donerty: I should like to ask Mr. White
how nmiany lightning arresters they distribute.

MRr. WHiTeE: The lightning arrester problem is
still in process of being solved, and it is largely in

11
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the experimental stage. There are very few of them
on the line. We protected the line from lightning as
much as we could by running two barbed fence wires
on top of the poles, one carried on the outer cross
arm by an iron pin eighteen inches long and one inch
in, diameter, which went through the cross arm, and
had a little fork at the top supporting the barbed
fence wire; a second, similar wire was carried on the
peak of the pole, the poles all being roofed, and a
third is intended to be put up on the other side of
the cross arm when additional wires are put up.
Every fifth pole, these barbed fence wires are grounded
with a number six copper wire running to the bottom
of the pole and being coiled there, so that we can
expect discharges to be carried off by these numerous
points without accumulating sufficiently to give a light-
ning stroke. But the lightning arresters themselves
are placed only at the transformer houses up to date;
and these have given some trouble, so that, probably,
none will be placed on the line until something has
been put in the transformer houses that is perfectly
satisfactory.

MR. SeeLy: I should assume, Mr. White, that it
would be preferable to place the wires under ground
entirely. It would cost, probably, according to your
figures, about $800,000 more.

MRr. Wuite: That would be forty dollars per
horse power.

MRr. SeevLy: At the rate of forty dollars per
horse power; yes. Then you have a permanent instal-
lation under ground; you are not troubled with the
dcfects discovered with the overhead wires.

Mg. Wurre: That view, of course, may be correct.
But, as I stated in this paper, it has not been
demonstrated up to date, from the fact that the only
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trouble due to the line thus far was from a joint in
the cable. There has been no trouble due to the
insulators, and there are 4,000 feet under ground as
against over twenty-four miles of insulators; so we
have about thirty-five chances to one, so far as distance
is concerned, of trouble with the overhead as com-
pared with the underground.

LieuTteNaNT S. DANA GREENE: It seems to me,
Mr. President, that the question of lighting on a line
is really the most serious one to be considered; that
is, in considering the comparative advantages of the
overhead and the underground lines. It is a fact that
no tests that any manufacturing company of which
I know can produce at their works, are at all indic-
ative of the results to be obtained on the line here;
and it has been found actually necessary for them, in
testing lightning arresters and fuses, to bring the
experimental apparatus to Niagara IFalls and actually
test it by short-circuiting the machines here. In other
words, the effect of a short circuit with s5,000-horse-
power generators on a 10,000-volt line is very different
from anything obtained in ordinary use and practice.
While it is probable that the lightning protection that
has now been devised in the line will be sufficient to
answer the purpose for the present, there will yet be
always more or less risk from lightning unti the wire
is put underground. It seems to me that that is the
evident conclusion one must arrive at; that is the
weak point in the whole system at this time, and
must be until these are finally put under ground.

MR. InsuLL: Did I understand Mr. White to say
that it would cost $600,000 more for a line to carry
20,000 horse power under ground?

Mg. WHiTE: It would cost about a million and a
quarter, I estimate, for a line carrying 20,000 horse
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power ; that is, four series, three wires each, making
twelve wires total, for a distance of twenty-seven
miles ; it would cost fully a million and a quarter with
the lead-covered cable, of which four-fifths would be
for lead-covered cable and one-fifth for conduit. That
would mean sixty dollars per horse power, in other
words, and it would cost about one-third of that
amount over head, or twenty dollars per horse power.

Mgr. InsurL: Then the interest on it would form
an important part of the cost?

MRr. Wurre: If placed under ground at sixty dol-
lars, the interest charge would be three dollars, allow-
ing five per cent, and an additional amount at least
equal to that would be allowed for depreciation, and
probably a good deal more than that. It is hard to
tell what the depreciation would be on lead-covered
line under those circumstances, but five per cent would
certainly be moderate; probably ten would be more
nearly correct. In that case, the depreciation would
be six dollars per horse power and interest three, allow-
ing ten per cent depreciation, to be safe.

Mr. InsuvLn: That would be a very important
proportion. If you were going to sell power at twenty
dollars, it would be thirty-three per cent of the gross
receipts. On this question of lightning arresters, I
should like to ask Mr. Greene whether it is not true
that, in units up to 1,000 horse power, lightning arrest-
ers can be furnished that will carry a lightning dis-
charge, and will, at the same time, interrupt short
circuit of the dynamos without serious trouble. Of
course, as he says, with 5,000 horse power it is a very
serious matter to stop an arc after it has once formed,
but up to 1,000 horse power it can be done more
easily, and is probably possible.

LieuTeENANT GREEN: | think it may be possible,
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ing the underground conductors, would cost at least
sixty per cent more than the steam plant to produce
the best possible results from steam in the city of
Buffalo.

Mgr. Beces: 1 think, Mr. President, that the paper
read by Mr. White, and the discussion that has fol-
lowed, should be very satisfactory to investors in local
electric lighting plants, who, for a few years, have
heard that their business was likely to be taken away
from them by these long-distance transmission plants
of very high potential. 1 have myself seriously ques-
tioned the great advantage that was to be derived at
points very remote from these great sources of power,
for the reasons that have now come out in this paper
of Mr. White’s, to which I have listened with a great
deal of interest, and which I think we shall follow--
those of us who are charged with the management of
electric lighting properties, and, likewise, electric rail-
way properties, as some of us are, and who are invest-
ors in them--with a great deal of interest to see the
development. I heartily agree with the idea suggested
by Mr. Insull, and I very seriously question whether
even this great plant at Niagara Falls can compete with
the modern steam plant fifty miles from Niagara Falls.
I do not believe it possible; and yet it is hard for us even
to imagine what the future developments of this long-
distance transmission have in store. 1 have been called
in by some friends within the last thirty days to look
over a proposition submitted to them as capitalists and
investors in this class of property, where it is proposed
—and this is a serious proposition, and one that is
under consideration at the present time, and the proc-
ess of raising capital to install it now under way—to
transmit, not the 10,000 volts which Mr. White has
been discussing here, but to transmit 60,000 volts a
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difficulty of insulation—of clearing a path for your
line. You can readily realize what it means to do
what Mr. White has suggested here, and which is
absolutely necessary. You must have a clear right of
way that will enable you to cut down all the trees
that can possibly fall across your line. One might
never fall there, but you cannot take the risk of its
falling ; therefore, you must clear away sufficiently to
prevent the possibility of limbs falling in a storm, or
a tree crossing your line. And I think that is the
serious difficulty that these long-distance transmission
plants are going to encounter in the use of overhead
lines, while the underground conditions are prohibitive
from two causes, as has been well brought out in this
discussion : first, the initial cost of your line makes it
prohibitive, and then the great depreciation, many of
the elements of which are not known in these high
potentials at all. Those of us who have been dealing
with underground lines for eight or ten years, know
that the item of depreciation on an underground line,
even under moderate conditions, is very great indeed.
So it would seem to be almost impracticable, from a
commercial standpoint, to put lines under ground, and
very difficult to maintain them over head.

MRr. WHITE: On this question just spoken of by
Mr. Beggs, it is almost certain that the localities are
very few, and the circumstances must be very excep-
tional, that will support a transmission line fifty miles
long. In the first place, it would be necessary to
have an ideal water power—unusually good water
power; and in the second place, a very high cost of
fuel, or the power could be generated more cheaply
by steam. But there are localities where plants of
that kind would pay, and could earn, not only fair,
but in some instances an extremely high, interest on
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kind; and the only shutdown in four months was this
one of ten minutes on Sunday noon to tighten the
key in that shaft. So it is possible to run a plant
satisfactorily and not have any trouble with it.

MRr. SteiNMETZ: 1 think it is dangerous to gen-
eralize too freely in such matters, and to state that it
is or is not economical to transmit power fifty miles.
It all depends on what the power is used for, as to
whether the transmission is economical or not. The
problem changes very greatly according to whether
the transmission is used in a factory for twenty-four
hours a day—a steady load—or whether it is used
where the whole load is only an hour-a-day rum, and
the remainder is idle, and you have to pay the same
price; that is, you have to pay for the maximum
load continuously, and use it for only a very short
time. And then there is the other question coming
in—as to whether your railway network of the city
depends upon continuous power, never shutting down
under any circumstances, or whether you run into a
continuous lighting system; whether you have a big
storage battery, and when you send out a man to
repair the line the storage battery carries you over the
break. All these conditions change the problem very
greatly, and you must investigate the individual case
to see whether the steam-engine plant is the more
economical, or the long-distance transmission, but you
cannot lay down any general rules.

MR. Scorr: The question of lightning arresters is
one of vital interest in long-distance lines. A little
experience is worth a good deal of theory in this
matter. In the plant at Telluride, Colorado, which
has been in operation for some half dozen years, a
great deal of difficulty was experienced with lightning
during the first year. The lightning destroyed, with
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that region. He found that in some instances power
was costing the miners as high as $2,000 per horse
power for the actual indicated horse power used.
This was a hoist, of course. In that region, and over
in Cripple Creek, some investigations were made. A
great many miners have hoists, and have their boilers
heated and power on for twenty-four hours in the
day, and perhaps they use it but once in thirty min-
utes, or once an hour, to hoist a load. But they
require an engine and they require fuel for the whole
twenty-four hours, and fuel there costs eleven or twelve
dollars a ton delivered at the mines, and water costs
seventy-five cents a barrel,, and with the use of a ten
or fifteen-horse-power engine, but a few minutes each
hour, vou can readily perceive that the figures would
run up to a very high degree. Even with plants using
a considerable amount of power, the cost is usually
from $200 to $300 per horse power indicated. So
there are cases where power can be transmitted fifty
miles or more and allow a good profit.

Mg. WaLsank: I should like to ask Mr. White
if he has ever put up any steel or iron poles—has had
any experience with them ?

Mgr. WHitE: I presume Mr. Walbank means for
long-transmission work ?

MRg. WaLBank: Yes, sir.

MRr. WHiTE: No; we have not. Our experience
with iron poles has been on ordinary lighting or street-
car work. -

MR. WaLBANK : In this Buffalo transmission, the
poles are all of white cedar, I understood you?

Mgr. WHiTe: Yes, sir.

Mgr. WaLsank : And cost about forty dollars per
horse power?

Mk. WHite: Twenty dollars.
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MRg. WarLBank : Twenty-two miles?

MRr. WHiTE: Twenty-five.

Mgr. WaLBank: We have just constructed a steel
pole line from Lachine Rapids into Montreal, and we
constructed all of our line of steel poles; that is, we
took a channel iron and cut it diagonally through,
and then riveted the reverse ends so as to make it
about eight inches at the top and twenty inches at the
bottom; put two of these columns up and then
latticed them together; and your wooden cross arms
are almost identically the same as we have, but with-
out any braces underneath; and we have, altogether,
thirty-six wires on. Our poles are placed 108 feet
centres, and they stand, probably, thirty feet high.
including seven feet in the ground. They are bedded
seven feet in concrete.

Mgr. White: That ought to give very good con-
struction. '

MR. WaLBaNk: The way we tested the poles, we
placed 200 pounds of pig iron on the top, with a
fulcrum to take the place of the ground. Our pole
line, complete, with wire, insulators, cross arms, and
everything, will cost us, for a distance of 30,00c feet
—for the complete line—about $92,000. We figured
that for underground work it was going tc cost over
$300,000 to do the same thing with lead cable. We
have not tested it practically yet, because it is now
just about completed.

THe PresipeEnT: 1 shall have to close this dis-
cussion now. It is very interesting, and I wish we
had more time at our disposal. We have another very
interesting paper, and I shall call upon the author
presently. I am sure we are all very much indebted
to Mr. White for the instructive paper that he pre-
pared. I know personally that he put himself to a
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supply business to take the bad customers with the
good, and the author hopes to show in this paper
that it is quite possible to devise a simple and equit-
able tariff by which a profit to the supply company,
as nearly as is commercially practicable, is assured
from every consumer; and, moreover, that only by
adopting such a tariff of approximately egual rates of
profit from all consumers can central station man-
agers hope to get the use of electricity generally
adopted for all the many purposes it naturally lends
itself to.

The author also hopes to show that it is not only
possible, but extremely easy, to do an enormously
extended business in clectricity supply in such a way
as to yield substantial profits to the supply company,
and at the same time to supply electricity to an ever-
increasing number of consumers at rates which will
insure large business, and in most cases to success-
fully compete with gas.

Hitherto the main governing idea among central
station managers seecms to have been that electricity
must rely upon its superiority as regards cleanliness,
convenience and healthiness over its competitors for
lighting purposes. The author hopes to convince the
members that, in one of the richest fields open to
central supply stations, electricity can compete with its
rivals, even as regards price.

UNRECOGNIZED PROFITABLE FIELD FOR LARGE
EXTENSIONS

Owing to the enormous development of the busi-
ness of electricity supply for power transmission, for
traction and other purposes, many central station
managers have latcly devoted most of their energies
to the supply of electricity for those uses, and have
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apparently assumed that they have already substantially
-secured the greater part of the lighting business they
are likely to get in their districts.  The author, on
the contrary, firmly believes that there exists cven a
larger and more profitable field for electricity supply
ready at hand in every town, waiting only to be
tapped, and refers to the supply of light to the thou-
sands of domestic lamps required by the middle
classes in their homes, which are used regularly every
day for scveral hours, summer and winter, and which,
in many cases, can be replaced by electricity at the
same price, or cven less than the light now used, and
at the same time yicld substantial profit to the supply
company.

This profitable domestic supply, which is largely
used after business hours, need in no way interfere
with the much-catered-for power supply, the value of
which the author fully appreciates.

Another enormous ficld for profitable extensions
is to be found in the smaller and lower classes of
stores, saloons and business houses that trade until
late in the cvening.  As these classes of consumers
frequently live over their business premises, their use
of artificial light is a very lengthy onc; although their
bills may be small, they form a most desirable class
of possible consumers, and can be supplied at a rate
that, although low cnough to secure the business,
will yet yield such a substantial profit as to far more
than counterbalance the extra cost of connection and
collection to such classes.

Central station managers are now seeking fresh
markets and uses for electricity supply, neglecting the
domestic lighting field, which has hardly yet been
touched. This, the author considers, is mainly due

to the habit that they have generally acquired, of
12 )
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regarding consumers collectively instead of individually,
and estimating the cost of supplying any one class to
be the average cost of supplying all classes, thereby
overlooking that it is quite possible that more profit
may be derived from the supply of electricity to small
long-hour consumers at a low rate than from the
supply of large consumers, such as extensive stores, at
a much higher rate.

IMPORTANCE OF THE TARIFF QUESTION

The author doubts the possibility of much financial
success attending the efforts of central station managers
until they dismiss from their minds the idea that large
consumers’ bills necessarily mean large profits, as very
frequently the reverse is the case. Although it seems
a mere platitude to say that a small business with a
large profit is better than a large business with a
small profit, yct this would not appear to have been
generally realized, if we are to judge by the great
inducements frequently given in the matter of dis-
counts off heavy bills to consumers, irrespective of
whether the conditions under which their electricity
has been supplied have yielded a profit or a loss,
while very little inducement, if any, has been offered
to the small consumer, who requires light for long
hours, in order to tempt him to use clectricity for
lighting purposes.

The author trusts it will not be imagined that,
because he has expressed such a keen appreciation of
the small long-hour consumer, he does not appre-
ciate the large consumer having the same qualification.
His contention is that, if an ‘equal rate of profit be
charged to all consumers of every class and ’sizc,
the field for profitable extension is practically bound-
less.
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In this paper the writer has tried to confine him-
self solely to the commercial considerations which
‘govern the profitable extension of supply stations, he
being firmly of the opinion that, while engineers have
been devoting vast energy and time to considerations
of coal and plant economy, they have neglected the
easiest of all means for reducing the cost of supplying
the electricity—viz., the adjusting of the charges so
as to offer great inducements to the profit-yielding
consumers and to charge as high a rate as possible to
the unprofitable ones; this will assuredly broaden out
the average load curve of the station and increase
the usefulness of the investment. Although in large
stations the question of coal economy comes almost
next in importance to that of the necessity for abso-
lute reliability of supply, the paramount consideration
must always be the arranging of the tariff so as to attract
the most profitable classes of consumers. The raw
materials of electricity supply—viz., coal, water and
stores—have in many stations been brought down to
a little over one cent per kilowatt hour, and all the
resources of engincering, so far as we now know
them, can only help us to make a fractional improve-
ment on that small figure.

EFFECTS OF VARIOUS METHODS OF CHARGING

It may be argued that if the principle of ecyual
rates of prosit from all consumers be carried into effect,
it might result in a serious loss of revenue to the
supply stations, owing to the large but short-hour
consumers objecting to the higher rates thercby
necessarily charged to them; in practice, this need
not be feared, as consumers of that type are generally
either unable to dispense with clectricity or are in
sufficiently good positions to be able to afford to
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pay comparatively a high price for the luxury of
having the best light procurable for a short time per
day, or at irregular intervals. = Moreover, any con.
sumer discontinuing his supply for the reason that he
was charged at a higher rate than his neighbors,
would not necessarily be a loss to the supply com-
pany, as, unless he is a source of profit, the plant
allocated to his wants could be better employed; in
fact, it certainly would be greatly to the advantage of
many stations having a uniform rate of charge if they
were to disconnect some of their large short-hour
consumers instead of increasing their capital in order
to extend their plant.

A perfect answer to these short-hour consumers,
who object to pay a higher rate than their long-hour
neighbors, is that under no circumstances whatever
ought their supply to involve a loss to the supply
company or increase the charge on the more profit-
able classes, as it is obviously very sound commercial
practice in every business, without exception, to encour-
age the profitable, even at the risk of losing some of
the profitless, business. '

American central station managers werc among the
first to recognize that the cost of supplying a given
quantity of electricity depends, in nearly everv case,
far more on the time over which the supply is spread
than on the quantity taken, and carly saw the com-
mercial unsoundness of indiscriminately supplying all
consumers at the same fixed rate per lamp hour or
kilowatt hour, regardless of the varying lengths of time
over which the supply was spread; but they, with
many others, have been deterred from changing their
method of chaiging by the doubt as to whether a
more equitable one could be successfully carried out
in practice.
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The author hopes to prove, by the figures given
later, that a uniform charge for electricicy limits its
use to the classes, and that it is only by the system
of making the charges follow the same law as the
costs that the masses can be reached. This limiting
of the use of electricity to the select few is still more
aggravated by the prevalent, but highly pernicious, svs-
tem of only giving substantial discounts to large con-
sumers, irrespective of their manner of consumption.

One would think, to judge from the load curves
of many of the central stations charging on the uni-
form price system and giving discounts in proportion
to the amount of the consumer’s bill, that nine-tenths
of the population went to bed about eight o'clock in
the evening, or, in any case, did not require artificial
light after that hour; yet the amount of light
required from then until 11 or 12 p. m. must be
immense, and, being a prolonged load on the central
station, would be taken under the most favorable con-
ditions for cheap supply. As a matter of fact, in
such towns it will be generally found that consumers
pay two lighting bills—one for electricity, which, by
reason of the high uniform rate of charge, only is used
in the short-hour lamps in conspicuous places, and
another for gas or other illuminants, which are used
in the long-hour burners, by reason of their lower
price—yet the actual conditions under which these
different lights are produced and supplied favor quite
the reverse.

It is important to bear in mind that gas is con-
sidered good enough in a considerable proportion of
the situations where artificial light is required, and
competition with it, in such positions, must be on the
basis of cost. The public freely admit that electric
lighting is necessary for living rooms, offices, shops,
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most emphatically that, unless the charges for these
cqual quantities vary in about the same ratio as their
respective costs, the supply companies are seriously
dnscouragmg their very best consumers and actively
encouraging the most undesirable class they can have,
and so long as the many-hour uscr of light is expected
to payv the cost of keeping plant standing idle for
other people, so long will he stick to gas if he is in
a small way, or prefer an isolated plant if he is wealthy.

DISCOUNTS ON CONSUMPTION PER LAMP FIXED

It may be said that all this is very much like
thrashing a dcad donkey, as many managers have long
ago introducced the system of giving discounts in pro-
portion to the number of lamp hours consumed per
lamp fixed per annum. However, the author’s con-
tention is that, although this is an honest attempt to
solve the diffculty, the counting of the lamps and
estimating their current-consuming capacity is only
applicable to those stations that cater merely for street’
or similar lighting.

The author maintains that, for anything else than
street lighting, this system must have a very pernicious
effect on the development and cxtension of the supplv
business, for the following reasons :

Firstly, as the discount given is frequently znversely
as the connected load (a strange method surely of
encouraging the public to give a whole-hearted sup-
port to electric lighting), a consumer usually installs
only those lamps he can use very freely, and, under
this scale, the longer he runs them the larger will be
his “bounty” in the shape of discounts; as he knows
very well that if he fixes any less frequently used
lights, his consumption per lamp, and, consequently,
the discount given him, will decrease, so he stops
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The second objection is that in practice the
author maintains it ‘is impossible, in a large business,
to ascertain with sufficient accuracy throughout the
year the wired capacity of all the consumers’ premises.
Thi, is patent when we remember the largely varying
capacity of lamps, the natural desire and unobjection-
able habit of consumers changing the candle-power
of their lamps to suit their varying requirements, and
the temptation this system offers to fraud ; further-
more, it is no more equitable to estimate a con-
suiner's actual demand from his wired capacity than
it is to rate a motor at its maximum possible output,
irrespective of its actual* current requirements.

The third great objection is the inexpediency and
great expense of insisting upon the necessary dom-
iciliary visits in all parts of private houses, hotels,
etc., which this system requires. These visits are not
only highly objectionable, so far as the consumers are
concerned, by reason of the intrusion into the privacy
of every part of the building, but, from the com-
pany’s point of view, the expense entailed is very
large, as the visits, to be of any use, must be frequent,
and the time expended in counting lamps and noting
their candle-power is very serious.

In one way or another the public has tolerated a
good deal from electrical men—roof fixtures, for
example—but the author’s own experience has led him
to the conviction that the best policy is to give them
a good and steady supply on an encouraging tariff, to
draw the revenue in due season, and otherwise trouble
them as little as possible. The author can not think
there is.any finality in a tariff which makes it neces-
sary for any one to intrude on the privacy of a man's
premises for the purposc of checking his connected
load.
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and the latter the most objectionable kind of short-
time user of, electricity..

THE ISOLATED PLANT QUESTION

In the author’s opinion, one of th¢ most profitable
fields for cxtension lies in the displacement of isolated
plants, which to-day are frequently a curse to the
supply stations by requiring connections to the com-
pany’'s mains as a stand-by against accidents.

This practice forms .one of the strongest reasons
the author can quote for the necessity of charging
cach consumer the cost, as nearly as possible, of
keeping a proportion of the plant and mains. ready to
supply him, just as much as. it is necessary to make
him pay in proportion to the quantity of electricity
he consumes. The author maintains that the isolated
plant question can, by a judicious tariff, be. turned
into a blessing, instead of a curse, and his experience
leads him to believe that there should be little difh-
culty in obtaining practically the whole of the profit-
able part of this business as regular consumers, instead
of irregular worries. .By no other method than that
of an equitable sliding scale can this particular
and generally very profitable business be obtained.
It is well known that isolated plants are generally
only installed where the demand for electricity is of
a lengthy. nature, consequently they would form a
most desirable class of consumers if . their permanent
supply could only be obtained.

That the result of an equitable sliding scale is to
get this class of consumer on a central station supply, is
shown in Brighton, England, where, since the sliding
scale has been adopted, several valuable isolated plants
have been secured to the supply station mains, and not
a single new one has been installed in that town.
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What is there fundamental in the organism of a
central station which should enable it to furnish a
block with electrical energy more favorably than can
be done by means of an isolated plant? Clearly it
is the diversity of the duty which may be performed
by the central station.

The cost of a plant supplying a few premises
whose requirements make their individual load dia-
grams pretty closely coincide, must clearly be higher
than those of a station catering for a wide variety of
demand, and the more diverse this demand in point
of time, the greater the output of electrical energy for
a given expenditure.

VALUFE TO SUPPLY COMPANY OF VARIED CLASSES
OF CONSUMERS

Another excellent method of profitably extending
the business of central supply stations, is catering
for, as much as possible, different classes of consumers
requiring electricity at varying hours, and on the
same principle c¢ncouraging consumers to install Jamps
that will be used at different times of the day and
night. This diverse supply in a town obviously means
a much less plant capacity than would be the case
were all the lamps required for the same purposc and
at the same time. As an illustration it is only neces-
sary to quote the two cases of a large, carly-closing
store and a theatre, or, as applied to the individual
consumer, the public rooms and bedrooms of a
hotel. In these cases the plant required to supplv
the store and theatre, or the hotel as a whole, would
be generally much less than the sum of the require-
ments of the two classes. In the town of Brighton,
where the actual demands of all the consumers are
accurately known, and where the use of clectricity is
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very evenly <divided between residences and stores,
this diversity factor is now no less than one and one-
half ; or, in other words, if all the Brighton con-
sumers were to require, simultaneously, their ordinary
maximum supply (not their wired capacity), the gen-
erating plant of the station would have to be increased
very nearly fifty per cent.

The consumers have a community of interests in
flattening out the station load curve, and they are
bound to do it on a tariff that encourages them to
wire their premises throughout.

BEST DIRECTIONS FOR ADDITIONAL CAPITAL OUTLAY

The importance of considering in which direction
any additional capital of a supply company can be
best spent, is also worthy of special study.

In the author’s opinion, it is very much more
important to run, very soon after the starting of the
station, mains in all districts of the town in which
artificial light is used late in the evening, although
this may be in the districts of the poorer classes of
consumers, than it is to spend it on coal-saving
refinements, or in running large mains in districts
occupied by immense early-closing stores or by the
mansions of the wealthy; both classes being very
expensive to supply, because of the short daily use
made of the plant by the former, and the latter’s fre-
quent and lengthy absences from home, or the erratic
nature of their demand.

The author would' specially point out the true
economy of a liberal supply of distributing mains,
which can be made to serve the double purpose of
supplying the street' lamps as well as the general
public. In this connection he questions very seriously
the wisdom of the practice, resorted to by many
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central station managers, of running special mains
and systems for the sole supply of the public strect
lamps, as by so doing they needlessly increase the
total cost of supplving the whole of the requirements
of the district. ’

The author thinks that insisting on a high
initial rate of charge per kilowatt hour, or lamp hour,
being maintained to each consumer until the annual
cost of getting the plant in readiness to supply his
maximum wants has been covered, and then sub-
stantially reducing the charge for the subsequent
consumption, forms the basis of a perfectly equitable
tariff, applicable to all stations and conditions of
supply.

EXPLANATION OF TABLES AND CURVES

As the knowledge of the profit-carning capacity of
any electricity supply station so obviously depends
upon the correct method of determining the cost of
supplving electricity, the author thinks that the
accompanying tables, relating to the development of a
supply station in the fairly representative English
town of Brighton, will be found interesting.

He trusts that the results shown in the tables will
be all the more useful to central station managers
generally, as the profit-earning capacities of both the
small pioneering and the large permanent stations
crected in that town have been amply proved, and
from which an uninterrupted supply of electricity to
the public has been given; the economical working of
the two stations has also been generally acknowl-
edged, and, lastly, the efforts there to get electricity
generally used bave succeeded in a remarkable ‘way,
as shown by the consumption per inhabitant -at
Brighton' being far and away ahead of that' in" arv
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other town in the United Kingdom; viz, seventeen
kilowatt hours consumed per inhubitant this year.
The columns of the tables have been arranged in a
form which will enable company managers to compare
their results with the figures given.

The first small station was built on the usual
pioneering lines adopted by many companies before
security of franchise could be sufficiently assured to
tempt capitalists to put much money in the concern,
and the second on the modern lines of a permanent
station possessing an absolutely secure franchise. As
both concerns, in their respective years, were quite
free from any promoter’s paper capital, and always
gave a supply whenever and wherever called upon to
do so, the author sees no reason why the figures
given should not form a basis for estimating the cost
of supplying electricity under the most diverse con-
ditions, by the necessary alterations being made in
the cost of capital, coal, etc., and thereby enable any
manager to find out the proper basis upon which to
construct an equitable tariff for any particular town
or condition of supply.

Columns have been inserted in the tables giving
equitable charges that should have been made to the
consumers during the different years on the two
systems of charging advocated by the author, the
first being based on ‘the principle of charging the
amount shown in Column g, of Table I, per annum
per maximum Kkilowatt demanded by each individual
consumer, and then charging all the electricity con-
sumed, quite irrespective of the purpose for which it
has been used, at the rates given in Column 10 of
.the same table; and the other tariff, which is com-
monly known as the Brighton system, of charging a
sufficiently high price per kilowatt hour consumed,
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the cost the company is put to in preparing the
plant to supply the individual consumer’s demand.
Column g, on Table I, is therefore given, showing the
cost of so doing during the various years, and it is
obviously inadvisable to look for a profit on this
expenditure, or on the service rentals, but to make
the whole of the net profit for dividend-paying
purposes on the amount of the electricity actually
consumed.

It must be understood that these tables have been
prepared without making any arbitrary assumptions,
and that the various amounts for running, standing-by,
and service rentals have been ascertained by the afore-
said method of differences and by a close analysis of
the stations’ costs sheets.

It will be scen from Column 5, Table III, that, at
Brighton, where coal on the average costs about $35
a ton, delivered in front of the boilers, the cost of
producing the electricity has always been very small
compared with the cost of getting everything ready to
supply.

The author need hardly remind company managers
that where coal is relatively cheaper, or water power
is the source of energy, this proportionately large
amount of standing-by costs will be still further
increased.

It may be thought that all this great cost of
putting the station in a position to run, compared with
the cost of actually running the machinery, will
practically disappear with a large extension of the
motor supply business. This, in the author’s opinion,
is a complete fallacy, as the lighting load in any town
will be very similar, however general the supply may
become, and whether a constant day load is added to
this or not makes no difference at all in the relative
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cost of supplying lamps one hour or, say, four hours.
Until storage batteries become much cheaper than
steam generating plants, the ratio of the standing costs
to the running cost for lighting purposes will remain
high.

As the standing charges of late years at Brighton
have been found to rise nearly in proportion to the
maximum annual load on the station, the author, in
estimating the cost of supplying any consumer, debits
him with an amount of the standing charges in pro-
portion to his maximum call for current.

The author calls the members’ particular attention
to Column 4, Table V, showing the enormous increase
in the sales per maximum kilowatt load on the station
that has occurred since the sliding scale of charging
was adopted, at the beginning of the year 189g3.
From the column it will be noticed that this pro-
longation of the use of the plant has been no less than
fifty-four per cent in four years, and it is perhaps need-
less for the author to point out what a great effect this
has had in reducing the cost of production, as, with
coal costing even the high price it does at Brighton,
an improvement of the load factor of only three per cent
- has the same effect in reducing the total cost of pro-
ducing electricity as if the coal bill had been reduced
fifteen per cent.

It will be noticed from the tablcs that the only
items that were found to vary with the amount of
electricity actually sold from a given plant, were
coal stores, water and repairs.  Should any managers
find that their wages or other costs vary also on this
account, it is easy to separate these into standing-by
and running costs by the above simple method of
differences.  Perhaps it may be well to remind those
members who did not read the author’s paper on the
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1,000 feet, in 1887, supplied from the small pioneer-
ing station.

Columns 11 and 12, of Table II, giving the
charges for current and total inclusive cost for a 500-
watt arc lamp, may be of interest, as also ‘may be the
proper tariff for motive power, shown in Columns 13
and 14 of the same table.

To illustrate how impossible it is for electricity to
be supplied on a uniform tariff at so low a price to
the lamps used in the average house of the middle
classes as it can be profitably done on an equitable
sliding scale, it is only necessary to note that to have
produced the same amount of profit in 1896 the uni-
form charge per kilowatt hour would have been, to
this four-hour class of consumer, 9.3 cents against the
equivalent charge of 7.5 cents, or at an increased
charge of twentv-five per cent.

If we take the case of saloons and clubs, which
keep open late throughout the year, and burn, on the
average, their lamps six hours a day, the necessary
uniform charge would have been forty-six per cent
higher, and, in the case of basement users, using their
lamps ten hours a day, on the average, throughout
the year, a uniform charge would have to have been
seventy per cent dearer than it could have been sup-
plied on the system of equal profits, whereas the one-
hour consumer. on the uniform system, would have
been charged 9.3 cents against the proper charge of
17.86 cents per kilowatt hour, and, as fifteen cents
would have been the actual cost to the supply station
in giving him this kilowatt hour, the company would
have lost no less than six cents for every kilowatt
hour so sold.

It may be thought that the amount of the service
rentals shown in Column 8, of Table I, to be equitable
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in the different years, may prevent the classes the
author so strongly suggests should be catered for
from being able to benefit in point of economy by a
supply ; but it is easy to show from the tables that
even in the year 1894, with a sale of 583,701 kilowatt
hours in any ordinary residence where at least four
lamps are generally used till 10 p. m., any house-
holder should have been able to get clectricity cheaper
than gas. Morcover, directly cheaper forms of clec-
tricity meters are put on the market, and meter read-
ings can be taken once a quarter instead of once a
month, as hitherto, these service rentals will very
much diminish.

In case any of the members should be inclined to
think that there is no nccessity to depart from the
ordinary method of charging a uniform price per
lamp hour, the author has prepared the curves
showing how very slightly the total costs of a
central supply company vary in the different months
of the year, notwithstanding the e¢normous variation
in the number of kilowatt hours sold. These curves,
in the author’s opinion, are th¢ most speaking con-
demnation any manager can possibly have of the
commercial unsoundness of the uniform method of
charging.

In order to demonstrate very clearly the cffect of
the gradual development of the business on an
equitable sliding scale of charges, the author has
prepared the curves showing how the varving .charge
per kilowatt hour, according to the number of hours
the demand is used, has diminished in the various
years, as many managers have suggested that this
necessity for a high initial rate will disappear on
electricity being more generally used.
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DISCUSSION

THE PreEsIDENT: Before calling for discussion of
this paper, 1 might explain that Mr. Wright has left
out a good deal of the paper in reading it, owing to
the fact that it has been in the hands of all our active
members for some time, and in order to allow more
ample time for discussion. I now call for a discussion
of Mr. Wright's paper.

A MeMmBER: 1 should like to ask Mr. Wright
what his machinery is; whether it is in large units
connected, or whether it is in small units. I presume
that he runs by steam condensing. Of course, we do
not know his conditions, and it might be interesting
to learn a little more of them.

Mgr. WriGHT: 1 would answer the gentleman by
saying that the whole of the plant is direct-connected,
and. in the years analyzed, there was no condensing
plant.

Mgr. Bean: I should like to ask Mr. Wright what
is his longest transmission line?

MR. WricHT: Two miles from the station.

MRr. Fercuson: I should like to ask Mr. Wright
what the lease price is for a kilowatt hour.

Mr. WricHT: Fourteen cents.

MRr. Fercuson: The price for extra hours?

MR. WriGHT: Three cents.

Mk. FErcuson: Is it an additional three cents per
hour for every additional hour?

MRr. WrichHT: Yes, sir.

MRr. Fercuson: What is your average income ?

MR. WricHT: The average income per kilowatt
hour—this year it will be six cents.

Mgk. Fercuson: Then, I should like to ask, Mr.
Wright, what the cost is? I didn't quite gather that
from the tables.
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MR. WriGHT: You mean in the year 1893? What
vear, sir?

MR. Fercuson: Last year.

MRr. WriGHT: It is not given here. The actual
cost came under eight cents. This year (I answered
that about six cents is the average revenue) it is very
much less. The tables refer to last year, and my first
answer referred to this year.

Mgr. InsurLr: Do I understand that the plant was
run at a loss last year?

MgR. WriGHT: No, sir.

Mr. InsvLL: The cost was eight cents?

Mr. WrigHT : Yes.

Mk. InsuLL: Per kilowatt hour?

MRr. WriGHT: Yes.

Mgk. InsurLL: And the selling price?

MgR. WriGHT: Last year we derived about nine
and one-half cents.

MRr. Beces: I should like to ask what the selling
price of gas is? 1 do not know whether that is stated
in the paper or not.

MR. WRrIGHT: Sixty-six cents per thousand.

Mgr. Beces: And on your most favored customer
you are discounting gas fifty per cent? Is that the
fact ?

MR. WRriGHT: Four-hour or ten-hour customer?

MRr. Beccs: Your most favored customer. 1f you
are selling electricity at three cents per kilowatt hour,
you are selling upon the basis of gas at thirty cents
per thousand cubic feet.

MRr. WRIGHT: You have forgotten the first hour
being charged at fourteen cents.

MR. Beces: I am not asking about the first hour;
I am asking what your most favored customer would
get on his average; cost ?
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Mgr. WriGgHT: It all depends on the number of
hours he uses it?

MR. Beces: For instance—I am asking you now
to take your most favored customer—the customer
that gets from vou the lowest rate that you give from
your ‘station; what is his rate per kilowatt hour on
his entire consumption ?

MR. WrigHT: It is on the table; three and one-
half cents is the average. '

Mk. Beces: Then, in other words, I simply claim
that, in my opinion, you are doing a very great
injustice, and one that would have aroused such a -
warfare in this country as would have antagonized
many interests that we have found it desirable really
to work in harmony with. In other words, you are
cutting the price of gas in half to your most favored
customer, and, in my opinion, it is a very great
injustice to your customers whom you are making
pay a very much higher rate in order to pay for this
extremely low rate that you are making to your most
favored customers. We have not yet gone quite so
far as that in this country, even on our basis of
charging more than uniform rates, and without this
great amount of detail to arrive at it and some
sketch by which a customer can know what his bills
will be. I simply wanted to draw out the fact of
how greatly you were undercutting the price of gas.
In this country, a certain gentleman on this floor
knows that I have for several years taken the position
that we must ultimately compete with gas. I have
never felt that we ought to cut under gas. My whole
policy for the last fourteen years that I have been
managing electric lighting plants has been to bring
down the price of my commodity to the price of
gas; and [ do not to-day give any customer on



193

the lines of the companies that 1 supply electric
light for, less than the basis of gas. I claim that
we do not need to depreciate its value; but I
do believe that the time has come when, to hold and
increase our business, we must put our commodity
upon the same basis as that on which gas and water
are sold, and we are trying to do that. For instance,
my lowest rate for electric current is ten cents per
thousand watts. That is upon the basis of gas at one
dollar per thousand cubic feet. Now, I do not think
that it is necessary to go below that in order to com-
pete with gas. But, gentlemen, there is another factor
that we are all called upon to compete with, and that
is our own friends, the installers of isolated plants.
They are the greatest menace to our central stations
to-day. They are the people that 1 fear far more
than the gas companies; because I do not fear any
gas company in the United States to-day. I told one
of the most prominent gas men in this country,
possibly (a man who has antagonized and fought the
electric lighting interests with more intelligence than
any man I know), three years ago, when | went into
a hostile community to see if it was possible to sell
some electric current there, that I could compete
with his gas at fifty cents per thousand feet and
lose less money than he lost when he attempted
to follow the pricee It had a very wholesome
effect, I tell you, gentlemen. And while he
thought I was a fool, at that time, or a crank,
or an enthusiast, as he said, upon the subject
of electric lighting, 1 think his opinion has very radi-
cally changed in the three years. But what we are
called upon to compete with to-day, and what I think
this association is having a restraining effect upon, are
the brethren throughout the land who are installing
1
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isolated lighting plants, by which they can show the
owner of a large building—and I am going through
one such experience at the present time; am called
upon -nearly every week to do so—where he can prove
to the owner of a large building that he can install a
plant, that he can run it twelve months without cost,
and, at the end of the year, can declare a dividend to
himself. And there are those here that are in charge
of these manufacturing companies who won’t employ
an :a'gent unless he can demonstrate that. I speak
advisedly, because I used to have some of them in
my employ. But, gentlemen, I believe in a uniform
rate that is not so complicated as Mr. Wright's
methods. I have made a uniform rate, and I am
trying to make it as simple as possible I am
gradually getting down to a basis, and I believe that
the more intelligent central station managers through-
out the country—and not only charged with the man-
agement, but the larger central stations in this country
to-day are those that are in the hands of people who
have large investments in the properties they are man-
aging—they are called upon, not only to count the
coal pile and the gallons of water, but they have mill-
ions of capital for which they are responsible, and
they must look upon the returns for that. It is the
amount of your bank balance at the end of the year
with which you pay your dividends and profit and
depreciation-reconstruction reserve. There is one factor
that has been largely overlooked in the years gone by.
In the companies with which I am connected, I have
opened an account, whose technical ledger title is
“ Depreciation-Reconstruction Reserve,” to which a
certain amount of money is carried monthly, and car-
ried as a liability of the company, and the funds kept
in hand for use in the years to come, when either our
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present installations may become antique, or some
unforeseen circumstance arise whereby we could not
have the means to put ourselves in position to com-
pete with the advances made in either the production
of gas or more modern electric lighting plants. And
that is the strongest assurance we can have. 1 may
say. in a general way, that I make a scale and 1 pub-
lish it. My schedule of rates and discounts is pub-
lished on the back of every bill that goes to every
customer in my companies. 1 throw out the challenge
that if any customer can find a cut in that rate he
may publish it as my standard rate. .1 am well aware
that that cannot always be done to start in with. For
instance, I have my bill here in my pocket—these
things have to be considered in view of the local con-
ditions—1 start in with a bill of five or ten dollars,
giving a certain discount that brings it down; but
when the customer is using fifty dollars’ worth monthly,
the price of that current is exactly what he would
have paid for any number of candle power of gas
equal to mine. In other words, it equals one dollar
per thousand cubic feet. I have tried to get my sta-
tions in such position that if the gas companies cut
to fifty cents per thousand cubic feet I can follow,
and still be prepared to make some money. This is
the point I wish to bring out in this suggestion regard-
ing Mr. Wright's paper. He shows you that it is
profitable to sell electric current at three and one-
half cents per kilowatt hour, or thirty-five cents per
thousand cubic feet of gas. That is the rate.

MRr. InsurL: Mr. President, Mr. Wright and
gentlemen, I do not think that the question Mr.
Wright has brought up for our discussion is one as
to whether or not it is good policy for us to compete
with gas. I do not think that is the question with
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which we have to deal under this paper. He has
brought before us the question as to whether we
should get a return on our investments from every
customer that we may connect to our circuits; and
he has drawn our attention to the fact that if you
will figure fixed charges and dividends and adminis-
trative expenses, you will have got the highest item of
cost per kilowatt hour; in fact, from five to ten
times as big as any other item that you can get on
your cost sheet. I am running a company that is
applying the Wright Demand system in practice, but
not in theory; and, as Mr. Wright has been kind
enough to give us credit on this side for the first
development of central station lighting, I should like
to bear witness here to the fact that the policy adopted
by the company that 1 am running was adopted
partly on the reading of one of Mr. Wright's papers
by my general superintendent, Mr. Ferguson, and
partly as a result of a conversation that I had with
Mr. Wright when going from Thames Ditton to
London some three years ago. As Mr. Beggs
pointed out, we have to compete with the isolated
plant. That part of his remarks I especially wish to
emphasize here, and 1 assure you, gentlemen, that if
you are going to assume that the lowest price that
you can charge for electric current is the price that
is at present charged for a unit of light by the gas
companies of this country, you cannot compete with
incandescent isolated plants. 1 can show you cases
where you have got to go as low as six, or four, or
four and one-half, cents per kilowatt hour, if you are
going to compete with the isolated plant; and if you
expect your business, not in the large cities only, but
in the smaller cities, to assume anything of the pro-
portions of the gas business as a lighting enterprise,
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you have got to face the difficulty of competition
with isolated plants; and whether you adopt one
method or another,—whether you adopt the meter,
which is practically the result of Mr. Wright's advo-
cacy of his variation of charges, and charge a fixed
rate for a given period, and a much lower rate for a
longer period, or whether you figure out the amount
of time each customer uses your investment per day—
vou get around finally to practically the same results.
I can show you two buildings, practically alike, not
the length of this room apart. In one building the
average consumption of light is 200 hours a year, and
in the building on the other side of the street, the
average consumption is 2,000 hours a year. Now, is it
fair that when you have to provide precisely the same
investment for the man that uses your investment 200
hours a year, vou should charge him on the same
basis as the man that uses your investment 2,000
hours a year? And that is the basis of the proposition
laid down here by Mr. Wright. It is a question of
getting a return on investment ; getting a correct share
of your dividends, if you are fortunate enough to pay
them, from every customer; getting from every cus-
tomer a correct share of your administrative and other
general expenses. | care not, in figuring my price
list, —whether it is a published list or a confidential list,
whichever may be the best to use, changing with the
local conditions—I care not whether T am competing
with gas or tallow dips. I am running my company
to satisfy my stockholders, and I can only satisfy my
stockholders by giving them a return.

A short time ago I was foolish enough to go
into print; I usually avoid it. [ made the statement
that there were some of our companies in this
country selling as low as six cents per kilowatt
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hour. My friends of the gas company in Chicago
drew my attention to that statement, and said that
meant sixty-cent gas. They had told me a few
months before that it didn't mean sixty-cent gas,
because there was so much difference between a
sixteen-candle-power lamp and a five-foot gas burner.
But I admitted it; I said, ““Yes, it means sixty-cent
gas.” But what are the facts? I suppose some of
you must have been in Chicago at one time or another,
and know that we have in the centre of the town a
lot of very big department stores. Unless I was will-
ing to do business on the basis of six cents a Kkilo-
watt hour, 1 might just as well take up our conduct-
ors and get out of the territory where those depart-
ment stores are. What do we find? The people who
run those stores, owing to the changed conditions and
the character of illuminant that they can use, find that
they can use an illuminant that does not give a great
deal of heat; they can light up their windows; they
put goods in the front of those windows, and they
depend all day upon artificial light. Would this be
possible if they had only gas to depedd upon for arti-
ficial illumination in those stores? Why, it would get
so hot that they would have to get out of them;
they would get no customers in their stores. But with
arc or incandescent light the condition is entirely dif-
ferent. And what is the result? Our investment in
lighting plant is in use a great many more hours a
day, owing to the fact that they can use an illuminant
that enables them to run their business with artificial
illumination. Would you expect that the man that
burns his light ten hours a day, 3,000 hours a year,
should pay the same rate per unit as the man that
burns it 200 hours a year? Mr. Beggs, in reply to
that, would say that his basis of discounts gets over
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the difficulty ; but that is not so. We have one build-
ing where if our bills were rendered against the owner
of the building instead of the tenants, they would be
entitled to our biggest discount. It is the largest
building in Chicago, and yet, as a matter of fact, it
is not very profitable business at twenty cents per
kilowatt hour; whereas a man that has a compara-
tively small store, on State street, and who pays just
about the same amount per annum,—why, his business
is ever so much more profitable at seventy per cent
off twenty cents a kilowatt hour, or six cents a kilo-
watt hour. I rise to indorse the scheme Mr. Wright
has in view ; that is, the result he wants to achieve.
I tell you. gentlemen, it has more to do with making
our small plants successful, and saving the appearance
in some of our papers before this association of the
statement that the only profitable business is the city
contract, than anything else you can discuss at this
convention.

MRr. SteTson: Mr. President, 1 congratulate the
author of this paper upon the manner in which he
has presented this important contribution, and the fact
of its discussion by the two gentlemen who are prob-
ably better able to present their different sides of the
question than any other two men in the United States.
I believe my friend on the right (Mr. Beggs) would
be a little lonesome if he tried to compete with gas
where three feet of gas at less than one dollar per
thousand furnishes some fifty to seventy-five candle
power light. That is done in the Welsbach burner.
And if my friend on the left (Mr. Insull) had not
fully illustrated that the position that the electric light
occupies is one that is entirely impossible for gas light
in the case of large installations, where the heat would
be such as to make it prohibitive, an important ele-
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ment of the discussion of the subject would certainly
have been omitted. We do not want to fight the
light question on the ground of competition with gas ;
I do not believe in that. You have two commodities
that have to be used in different relationships entirely.’
And I do not believe that this paper is entirely cor-
rect in its principle and its application. I believe that
one lesson that should be learned is that our patrons
should be educated to understand that there is money,
that our plant represents money that is lying there
every minute of the time, and that it absorbs value,
and you have to get from that value some return. If
a person only wants his light for a temporary conven-
ience, it is not right that he should have the absorp-
tion of that capital at the same rate as one that burns
our light constantly. I am thoroughly in sympathy
with the general trend of this paper, and I think that
we ought to express our gratitude that it has been so
thoroughly elucidated. 1 believe that it outlines a
new course to be struck out in the future in this
country, and one that will be successful in saving a
great many of the smaller installations that, very unfor-
tunately, do depend on municipal lighting for their
business; and if there were a more just and equitable
distribution of the cost, it would be quite possible not
to lic awake nights to think about the matter so
much. I am thoroughly thankful for the discussion
on either side, and for the paper primarily.

MRr. FErcuson: Mr. Wright says he charges on
the basis of the load factor—on the basis of average
load and maximum load—but he makes no distinction
in regard to the time of day in which that maximum
load comes. In other words, he charges the same rate
to a customer who has his maximum load at five
o'clock in the afternoon, which is the time of the
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maximum load at the station, that he does to a cus-
tomer who has his maximum load at three o'clock
in the morning, when the central station has very
little load at all. I think Mr. Wright could go a step
farther in his work, and make a difference depending
on the time of day at which the maximum load
comes; because the interest charges for the man that
has his maximum load at three o'clock in the morn-
ing are practically nothing, because he uses machinery
that would otherwise stand idle: whereas the man that
has his maximum load at - five o'clock in the after-
noon requires additional machinery, and therefore his
interest charges would be greater. That would be piled
on top of the whole interest charge of the station.
Therefore, 1 think the man that uses the maximum
load at five o'clock in the afternoon ought to pay a
higher rate than the man that has his maximum load
at three o'clock in the morning.

Mgr. WriGHT: The question of what time of day
you charge your consumer for the interest and other
standing charges of the plant that is required to supply
him—my answer to that is that all these standing
charges are not hourly, monthly or daily charges.
They are an entire charge against the whole invest-
ment, and if you have an installation taking current
up to six o'clock, and another equal installation taking
current after six o’clock, both these installations ought
to pay half of the necessary investment charges, and
not one. I do not see why you should charge the
night user the whole of the standing charges. You
surely ought to divide the standing charges between
the two. Why should you charge the man who uses
it after six o'clock and not the man who uses it
before six? To answer your question, vou must take
individual cases. 1 cannot imagine a better answer
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than to imagine two equal plants using the light at
different hours of the day. You must charge each its
fair proportion of the total investment, and if they
are equal installations you must charge them equally
half the cost. Divide the cost of your plant between
the two. It is unfair to charge one more. Why not
charge them both equally ?

Dr. FENNER: Mr. President, I have been very
much interested in Mr. Wright's paper and also in
the subsequent discussion. 1 had not the opportunity
to read Mr. Wright's paper carefully, and, as he
omitted a good deal of it, I presume there is in it
what I failed to catch. But it seems to me that his
paper is rather one on the theory of operation than
on actual practice; and I believe that if he would give
us a five minutes’ talk, and tell us how he goes to
work practically to charge in Brighton, it would be
very interesting to all of us. Now, for instance, I
am just entering the business; I run a street railway
from Dunkirk to Fredonia.” We have installed an
electric light plant; we did so about three years ago.
Gas was “selling there for $2.50 a thousand. We
began at $1.50, the equivalent of that, for electric light.
The gas company dropped their price to one dollar.
We dropped to one dollar. Both plants have been
run at a loss for two years and a half. We have
lost about fifty dollars a month, and the gas company
has lost about $1,000 a year. Now that is finally at
an end; I bought the gas plant the other day.

THE PresipENT: Is that charged to depreciation,
Doctor?

Dr. FenxNer: It will have to be, 1 guess. Now,
practically, I am going to work to make the charges
satisfactory.

Jupce ARMSTRONG: Satisfactory to whom?
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Dr. FennNer: That is, to make some money.
And another problem is not to offend the citizens,
who have a great liking for cheap gas and a great
disdain for cheap electric lights. Of course, we had a
poor gas until we put in the electric light, and then
it became good. And the Welsbach burner came in
at that time; everything seemed to conspire to keep
back the electric light plant. Now we have got so
we don’t care. But continuing Mr. Wright's discourse
here, which is the theory of charges, I should not
know how to go about it practically until I studied
his paper more, and I thought perhaps he could
elucidate it further here. Here is a store, for instance,
that has been paying the gas company $100 a year,
and they have been metering it at 100,000. Now
they would like to have a couple of arc lamps and
fifteen incandescent lamps, and would run until ten
o'clock at night. Then they would run in the morn-
ing, and if it was cloudy weather they would run all
day. Well, how to go to work to rate them on
electric light is the question with me. Here is a
private house that has been paying about twenty-five
dollars a year for gas; they would like to have electric
lights run to them, converter bought and meter
bought; and what rate could be made? [ see you
do not say much about metering; | had supposed
that the really economical way of doing this was to
meter the electric light to them, just as we do gas.
I won't take your time any longer, but I thought
that Mr. Wright might elucidate his proposition very
nicely with a five minutes’ talk here.

Mr. WRiGHT: With your permission, Mr. Presi-
dent, I should like to answer the gentleman, because
it is obviously necessary to show how we do it in
practice. One of the members stated that it was
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complicated. There is an instrument put alongside of
the ordinary meter; this instrument tells the station
manager and the consumer how much per annum he
must pay the company to pay off the charges for
getting the plant ready. The ordinary meter shows
him the total bill. This is what we call the demand
indicator. The meter shows the total amount of
electricity consumed, and the demand indicator tells
him by direct inspection how much of that electricity
has to be charged at a high rate, and all the balance
at a low rate, in order to make him profitable. The
instrument does it without calculation. The ordinary
meter reads these two instruments. Say you have
1,000 units; 700 units have to be charged at fourteen
cents, and the balance of his bill, as rendered by the
ordinary meter, has to be charged at three cents.
The instrument does all the calculation. The instru-
ment shows you at once how much revenue you must
get from that consumer to pay on your standing
charges ; and if you get more than that, you charge him
at the lower rate of three cents; because, as [ show in
my paper, which 1 hope the gentleman will read later
on, the cost of continuing to run with coal as we
pay at Brighton, after everything is paid for to get
ready to run, is only one cent; and we put a certain
amount of profit on the one cent to bring up our
total profit on the investment to what we call ten
and one-half per cent; five and one-half per cent for
redemption and five per cent for satisfying the stock-
holders. The instrument shows you this at once.
Mr. Insull stated that it might be possible to do this
without an instrument, but I think the cost of doing
that would be exceedingly great; because, if you have
6,000 or 7,000 consumers, for instance, you have a
sort of justice rule—I can hardly say arbitrary, but
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settling each customer’s discount as he comes in;
whereas the instrument, which is based on absolutely
scientific principles, can do the work for you, and a
cheap meter reader, in conjunction with this instru-
ment, takes the place of a very highly skilled arbitrator.
I hope I have made myself clear.

Dr. FeExNErR: Is that instrument connected with
every consumer ?

MR. WRriGHT: Every consumer.

Dr. FENNER: One end with the consumer and the
other end in the central station?

MRr. WricHT: No; next door to the meter, in
the consumer’s place. I might illustrate the working
of it. Suppose that you have a large consumer, with
1,000 lamps installed. The chances are that never
more than 4oo or 500, we will say 600, of those lamps
are required to be lighted simultaneously. Now, the
station is only concerned with those 60oo lamps, and
not concerned with the remaining 40o. The station .
has to put down mains and plant equivalent to the
600 lamps, and the standing charges are therefore
proportioned to the number of lamps actually required
to be lighted. And I want to draw the distinction
between that and the number of lamps wired. We
charge on the number of lamps required to be simul-
taneously alight, because that governs the amount of
plant you have to hold in readiness to supply that
consumer. Then we say that that consumer must
pay sufficient to pay the interest and other standing
charges on that 6oo-lamp plant. We are not con-
cerned with the one hundred lamps, we are concerned
with the 60o. If you can find out, as you can in
some stores, the exact number of lamps required to
be simultancously lighted, an instrument is not neces-
sary; but when we come to the larger field of
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domestic lighting, that becomes impossible ; it becomes
too complicated.

Dr. FeEnNNErR: Do you vary this fourteen-cent
charge in accordance with whether it is all done in
an hour or whether it is spread over the twenty-four
hours ?

MRr. WRrIGHT: Yes. When we first started it,
we charged fourteen cents for two hours per day, or
730 hours per annum. As we got larger, the stand-
ing charges diminished in proportion. Then we dimin-
ished the time during which it was necessary to insist
on the high charge.

LievTENANT GREENE: Mr. Wright states that he
bases his standing-by charge on the maximum number
of lights required to be burning at any one time.
How does he arrive at that figure ? For instance, in
this hotel, 1,000 lights. How do you know how
many lights they have at one time, maximum ?

MR. WRrIGHT: Measure it by the ammeter—
recording ammeter. .

LieuTeENANT GREENE: Do you take that for a
sufficient. length of time to get the maximum? For
instance, you say 6oo lights; but they  might have a
convention like this—

Mr. InsurL: Always in circuit.

Mr. WriGHT: Always in circuit. Then we give
him the benefit of this winter maximum. Take the
maximum in the month of the year in which the
peak of your main station occurs, and give him the
benefit of the average of those six maxima. We con-
sider that gives a fair—not perfect—idea of the
amount of plant required ; a fairly good idea of the
amount of plant required to supply him.

Mgr. Fercuson: I do not like to let that point
go by without replying to Mr. Wright's statement.
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He thought it was perfectly fair to charge half the
amount to each customer. Now, I can show him
why that is not fairr Take as an example, for
instance, a central station like our own, that has
certain customers that use the light through the
twenty-four hours; others that go off shortly after six
o'clock, and others that use the light—or power—-only
from twelve until morning. Now, the people that
run the newspapets are very important people, and
we sometimes have to favor them so as to keep out
of print; and the newspapers, a great many of them,
use electricity for operating their printing presses, and
the newspapers are usually printed after twelve o'clock
at night; between twelve and morning. Now, it
doesn’t seem fair to charge the newspaper that uses
the service only from twelve untii morning any
portion whatsoever of the interest charges when they
use the same machinery that is provided for some-
body else; so I think my statement, as originally
made, is correct. 1 have given that as an example.

Mgr. WrigHT: I think that a very good illustra-
tion, sir; I will try to answer it; I hope I may con-
vince Mr. Ferguson. [ do not yet understand why
the people using current for lighting purposes should
be debited with the whole cost of getting that plant
ready. [ think a certain proportion of that cost should
be paid by the printing-press people. The fact that
it is not coincident diminishes the amount of plant
that you have to put down in your station. Both the
lighting and the printing-press consumers are indi-
rectly given the benefit of that non-coincident. You
do not have to put down so much plant; your stand-
ing charges are not so high. The printing-press man
does benefit from the non-coincident, but when we
are lighting a man he also has the benefit. The stand-
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ing charges are not so high, because of that non-
coincidence.  Suppose the printing-press man came
on the top of the heap. The standing charges to
both would be very much higher. The fact of the
non-coincidence is taken into account by the smaller
standing charges. But we still say, pay fairly; pay
for your plant, and do not charge other people for
the plant that supplies you.

MR. Fercuson : Then I take Mr. Wright's answer
to my question as simply that he will draw an arbi-
trary line, and call it fifty per cent to one man and
fifty per cent to the other; although I think he per-
haps admits that it is simply an arbitrary division,
because the interest charges are proportioned arbitra-
rily to the maximum load at the station.

MgRr. WrigHT: That is right; and they have to be
divided among your consumers in some, we will say,
uncertain way—these standing charges. The question
is, ought the printing-press man to pay none of these
standing charges? And if it is granted that he should
pay some, how much? We say, in the proportion of
the ratio his demand bears to the total demand of the
station. We divide the total standing charges to him
in the same ratio that his demand bears to the total
amount of the station. We say that may not be per-
fectly equitable, but we cannot imagine any more
equitable system of doing it that would be commer-
cially practicable. To arbitrarily say, *“Now, you use
it after twelve o'clock, therefore we will charge you
no standing charges,” seems to me a little unfair to
the lighting man, and you stop him from using the
light because of its necessarily higher price.

Mgr. Fercuson: The point is that the man that
uses the service in the morning,—his service is prac-
tically a by-product of the station, and what he
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should be charged with would be simply the value
to him of the machinery at that time; that is, such
a ratio between the kilowatt hour he would use and
that the lighting people use during the daytime at
the time of the maximum load. But you say that,
instead of figuring that out mathematically, you take
it fifty per cent to one and fifty per cent to the
other.

MRr. WRrigHT: If they both use the same plant
at different hours of the day, then I say each must
pay half. If three people use the same plant at
three times in the day, then they must pay one-third
each. They must pay equal proportions of the rate
at whatever time of the day they use it. This is a
very long discussion, Mr. President. 1 hope to be
able to talk privately with Mr. Ferguson, rather than
take up the time of the meeting further.

JuDpGE ARMSTRONG: | suppose the best possible
compliment we could pay Mr. Wright is just what
is being paid him here, so far as his paper is
concerned. I rise to make a motion—and [ want
to say, out of fairness to myself, that it is at the
suggestion of the chair that I am doing it. Under-
stand, it is his motion, not mine—that we now take
a recess until half-past two. The motion for the
recess is that this discussion can then be continued,
because it seems too valuable to be lost. And we
won't take up time in moving a vote of thanks, as
we otherwise should, to Mr. Wright; he will under-
stand that he is being thanked in the most practical
way possible.

THe PresiDENT: Before leaving, I have suggested
that we do not adjourn, but merely take a recess.
It is nearly half-past one now, and the time in which
we can get luncheon in the hotel is more or less

15
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circumscribed ; and arrangements have been made to
have a photograph of the delegates taken on the
lawn. Before you leave, I should like you to listen
to one or two announcements.

ANNOUNCEMENTS

THE PRESIDENT: I have here a letter just received
from Mr. Littell, vice-president and general manager
of the Buffalo Railway Company :

“ June 8th, 1897.

‘“ Secretary National Electric Ligﬁt Association,
‘“ Niagara Falls, N. Y.

“DearR Sir: This company extends an invitation
to the members of your association to visit their
power house, No. gg92 Niagara Street, Buffalo, N. Y.
In the power house they will see rotary converters
using power from Niagara Falls, and also power
generated by the steam plant and used for propelling
street cars.

“Yours very truly,
“H. H. LiTTELL,
‘“Vice-President and General Manager.”

THE PrESIDENT: I might also state that the long-
distance telephone line has been placed gratuitously
at the service of delegates at any time between
six p. m. and nine a. m.

Any member who has not received an invitation
to Mr. Stillwell’s lecture, for himself or friends, can
procure one or more by applying at the secretary's
office.

The railway certificates that have been turned in
are now ready for distribution.

We will now take recess until half-past two.



FOURTH SESSION

The meeting was called to order by President
Nicholls at 3 p. m.

ANNOUNCEMENTS

THE PRESIDENT: Before resuming the discussion
of Mr. Wright's paper, I wish to read the following
letters :

“Ni1acara FaLrs, N. Y., June gth, 1897.

“ MR. GEORGE F. PORTER,
‘“ Secretary National Electric Light Association,
* International Hotel, City.

“Dear Sir: In behalf of the Buffalo and Niagara
Falls Electric Railway, I hereby tender to such of
your delegates as may accept the same, an excursion
in special cars from this city to Tonawanda and return.

“The trip will occupy but about an hour and a
half, and the ride along the river is very pleasant.
The excursion will be timed to suit your convenience.

“Trusting that your association will enjoy its stay
in this city, I am,

“Yours respectfully,
“tW. CarvL Evry,

“ President Buffalo and Niagara Falls Electric Rail-

way.

“P. S.—Fur overcoats and lap robes may be left
at the hotels, as the cars are electrically heated.”
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The time appointed for this excursion is such that
we shall all have to attend in a body, special cars being
provided for our accommodation. The time appointed
is five o’clock to-morrow afternoon, and it will get us
back in time for dinner at half-past six.

MR. BEaN: Mr. President, I move that the invi-
tation be accepted; that we visit the place in a body,
and that we return a vote of thanks to Mr. Ely for
the invitation.

The president put the question and it was deter-
mined in the affirmative.

THE 'PrRESIDENT: I have also a letter from Mr.
Wm. H. Browne, of the Royal Electric Company,
Montreal :

“ MONTREAL, QUE., June 8th, 1897.

“ FrRepkric NicHorLs, Esq.,
“ President National Electric Light Association,
‘“Niagara Falls, N. Y.

“DEear Sir: I regret exceedingly, on my own
account, to be obliged to advise you that I am unable
to attend the convention, matters that have arisen
during my absence at the Canadian Electrical Associa-
tion demanding all my time here to-day and to-morrow.

“I wish to repeat the suggestion made to you on
the train, that in the interest of the electric lighting
people they would find it of great value to them to
hold their next convention in Montreal, and I should
like to have you make the suggestion. 1 have written
also to several other members, who, I presume, will

be in attendance, regarding the making of this sug-
gestion.

“Yours: truly,

“Wum. H. BrRownE.”
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THE PresiDENT: As all other invitations have
been referred to the executive committee, I presume
it is the intention of the association to act likewise in
this case. Is it your pleasure that this be referred to
the executive committee?

Carried.

piscussioN (Continued.)

THE PRrEsiDENT: There was some discussion in
relation to Mr. Wright's paper this morning on an
instrument described by him that is used in con-
nection with the meter. I will call on Mr. Madgen,
of London, England, to give the association some
information in this regard.

MRr. MADGEN: Mr.* Reason will do that, sir.

THE PrEsipENT: Mr. Reason.

MR. ReasoN: Mr. President, it is now some
four years since my friend Mr. Wright came to
me and said he could certainly se¢ his way clear in
the most simple way to fix a tariff that would be at
the same time remunerative to any supply company
and equitable to every consumer, provided he could
get an instrument that would absolutely fix the
actual call made upon his plant by each consumer.
Well, Mr. Wright and 1 worked very patiently in
that direction for some time, and it was owing to
his suggestion that we finally adopted the instrument
that we are now using, which is really a differential
gauge adapted with various modifications, so that we
really have a thermo-self-recording ammeter, or what
we may practically call an ammeter that shows at a
glance the maximum demand that the consumers
have made upon the station. The index is non-
returning. It is liquid. Consequently we lose noth-
ing. The delicacy of the readings is very great, very
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accurate. The liquid, of course, naturally lends itself
very well in that respect; and, so far as the com-
mercial instrument is concerned, it stands the ordinary
rough usage of everyday life. We tried to design an
instrument that could be put in a store cellar, that
the store boy could play about with without hurting it;
and I am quite sure that, so far as the practical use
of the instrument is concerned, it will fill the bill.
Now you are good enough to give me a hearing,
and I should just like to mention one or two points
in connection with my own personal experience with
this instrument as being used in other cities besides
Brighton. We now have the instrument in use in
forty cities in the United Kingdom ; and certainly in
more than one case it has turned non-profitable com-
panies into dividend-paying companies. I refer more
particularly to Northampton, England, and Preston,
England. In both those towns the companies had
been operating for some three or four years in a
most disheartening way. They found they could not
make any profit; that year after year the consumers
did not consume any more electricity per horse
power demanded, because they found electricity
dearer than gas. The consequence was that we had
in England what we see very largely here, all
the short-hour burners given to electric light, and all
the long hours, which certainly ought to be on our
dynamos, given up to gas. We have now remedied this
in the case of several towns in England—I may say
in Europe, because we have the instruments in use
in other countries besides England. We have been
very carefully working to try to reduce the cost of
the instruments, in order that when a man may see
the wisdom and safety of going in for a tariff that is
at the same time protective so far as his interests are
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concerned and indulgent to the most profitable of his
consumers, it must not be done at a heavy cost; the
cost of the instruments must be moderate, and I
think I am safe in claiming that, as a recording
ammeter, there is nothing that can be obtained so
cheaply.

I noted one or two points in the discussion this
morning that, with your kind permission, I should
like to dwell upon. The question was raised as to
whether our experience at Brighton, which Mr.
Wright set forth, really yielded a profit at all last
year. Now, gentlemen, last year at the central
station in Brighton, in addition to the setting aside
of a sum equal to five and one-half per cent of the
whole capital for depreciation and redemption—which
is really a dividend of itself according to the ideas of
a great many managers—we, in addition to that, earned
nearly six thousand sovereigns, net; that is to say,
nearly $30,000, net, on a capital of $200,000, or an
extra five per cent over that first five and one-half per
cent. That, I think, answers that question clearly.
In Brighton we averaged on our tariff something over
nine cents per kilowatt hour, right through. Surely
we are friends of consumers; and if we made, as we
did last year, the profit I have told you about, surely
we are the friends of central station managers. Now,
there is one thing I have found in my experience in
England; that is, that the smaller central stations
were very glad to welcome us. The smaller central
stations wrote to me, and said: *Comec and tell us
all about this thing. We are not doing well; help
us.” I think we have helped them to a certain extent.
I know I am very sorry, gentlemen, that 1 did not
follow my own judgment and buy the stock, three
years ago, of some of the companies that then adopted
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our instrument; for in the case of both Northampton
and Preston I could have bought the stock for about
half the price I can to-day. Then, there is this point
about it. We have really had a lot of trouble in
getting the large and prosperous ¢ompanies to con-
sider the matter; for when a man is doing well he
doesn’t bother his head much about these things. But
it is a very good thing, if you are prosperous, to
insure that prosperity, and to be assured that pros-
perity is going to be permanent. No matter how
large the station is, it cannot afford to neglect the
basis on which that prosperity is built. If it is built
upon an inequitable method of charging, it cannot be
permanent. We have in England the satisfaction of
knowing that we have already got three of the large
districts of London to adopt our system, and we have
also the city of Glasgow, in Scotland, which is our
next largest city. So we may say that in England
we have been fairly successful. The big industries, of
course, do say, “ Well, while we are doing well, let
us alone;” but I submit to you, gentlemen, who are
in control of large stations, that the security of your
prosperity must surely be based on your answer to
the dissatisfied customer. When he comes and says,
“What sort of a bill is this? I don’t like it; I am
paying too much,” you say, ‘I am charging you exactly
in accordance with what it costs to supply you; can
anything be fairer? Surely, you cannot expect me to
supply you at a loss.” He may say that he will go
to a rival company. Let him go to the rival com-
pany. We cannot store our commodity as the gas
companies can. It is no use, gentlemen; storage
batteries to-day are not very different from what they
were ten years ago, and if you are going to compare
the efficiency of the storage battery with that of the
gasometer it won't hold water.
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one would be using it perhaps a dozen times a day;
another might use it once a week. Now the fixed
cost of getting ready to supply that man had been
very great. And I might say that the fixed cost of
supplying any man with sixteen-candle-power light
has been very great, too; there is not a great deal
of difference between the telephone analogy and the
electric light supply analogy. The administrative cost
of a telephone system does not bear a very great
difference proportioned to the electric supply service.

The same thing applies to a great many interests
in this country and in our country.” You don’t say,
“Well, it’'s all the same price, good and bad ; all the
same price.” Go to a coach hirer and say, ‘“ See here,
I want your coach four hours a day; how much will
you charge an hour?” He would say, “I will charge
you one dollar for the first hour; charge you half a
dollar the next three hours—" wouldn't he? Isn’t
that so? Now, then, another man says, “1 want a
coach at the same time as that man wants the coach;

what is your rate?” ‘Well, one dollar for the first
hour—" The man says, “I only want it half an
hour.” *“Oh, well,” the coach hirer says, “I can’t

afford it for less than a dollar to start in on.” And
that coach hirer is right. He knows very well that
the fixed charges on that coach are the same whether
it is used one hour a day or ten hours a day.

There is one little point about flat rates that I can
quite well understand we all like; that is, that they
are very smooth and sweet, and all that sort of thing,
and save the agony of thought. But can a flat rate,
if it competes with the sliding scale in the matter of
a low price for the product, be a profit-earner?

One gentleman remarked this morning that he
thought the ideal basis would be to get to gas level.
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Well, gentlemen, I decline to admit that gas is an
ideal in any shape or form except for heating. And
I decline to admit, absolutely, that gas has any right
arbitrarily to define what is the proper basis for elec-
tricity supply. All that being true, I do wish to point
this out, that on a flat rate you must always make
the good customers pay for the bad. That is com-
mercially inexpedient and theoretically—well, abso-
lutely—wrong. Now, of course, my friends and I
naturally looked out for lights the very first thing on
landing in your country, and what did we see? Exactly
the same that we see in our own large cities. We
saw gasoliers with electric lights. We saw the electric
lights were out, because we didn't land until half-past
eight. All gas. But there were the incandescent
lamps ready. Why is this? Why is it? We went
on to Boston; the same thing. In all the American
cities that we have been, the same thing—that directly
seven o'clock is past they all use their electric light
very carefully unless they are on contract, and then
they absolutely throw it to waste.

Now, your president very kindly asked me to speak
in regard to the instrument. I just wish to say one
thing. Of course the question of capital cost in a
charge of this kind must be seriously considered.
But what is, on the one hand, the importance of
capital cost to a reform of your whole method of
finance? What proportion does it bear to the reform
of defects? In Brighton, we have improved our load
factor; that is to say, the earnings per horse-power
demand at the station are something like forty-five
or fifty per cent. Well, we say that the cost of
installing those instruments certainly did not come to
more than two or three per cent on the whole of
the capital. It is all a matter of finance as to what
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you put in and what you get out. You spend a few
thousand dollars on these instruments, and you
reform, at one fell swoop, your whole method of
charge; and you have a perfect answer to everybody
who comes in; you have a perfect answer to your
competitors. If other people are saying, *Those
people are doing very well; we should like to run a
rival line. What are they charging?” ‘“They are
charging,” you say, ‘“twenty cents the first hour’s
daily use, and after that they are only charging five
cents.” “Oh,” says the man, “there is nothing in it;
it won’t pay to rival them.” It is the best answer
you can give to your opponents.

Now, gentlemen, you will very naturally say,
“ Supposing we adopt this method,—we admit that
theoretically it is very sound—if we do, doesn’t it
mean this, that a lot of our long-hour consumers will
get their bills written down, and we shall have a
smaller revenue at the end of the year?’” You may
be sure that with our electric light companies in
England that are using our system I have had that
to answer before. And what are the facts? In every
case the revenue has gone ahead largely. If I want
any commodity, and I can afford to buy only a little
of it, and someone comes to me and says, ‘ Look
here, if you will take a much larger quantity, spread
your demand over a good length of time, I can
afford to supply you more cheaply,” well, I certainly
want it. Nearly all the consumers you supply want
more light. If they didn’t I don’t see why your
pitch should come down at six o'clock. In every
station I have seen, the loads go down at six o’clock.
Are the people in bed? No. What are they doing?
Burning gas. And they will burn gas as long as
you have flat rates. We all like to buy in the
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cheapest market. Now, we have made a financial
success of this thing in Brighton. But, you say, we
had a very small motor load to help us. You may
think we are very fortunate in that respect. Don't
think that any of our success in Brighton has been
due to that motor load. Brighton is a pleasure
town—with the exception of myself and two or three
other small factors--but the horse power on morors
would not be one-tenth of the whole. That is a very
small factor indeed.

Now, if the system is all right, it will wait. All
we ask you to do, gentlemen, is to look thoroughly
into it. We are satisfied that if it is good on our
side of the water it is good on your side of the
water. You know we have not hesitated in the past
to adopt methods from your country; we have taken
them very freely. We simply ask you in this matter
to look at the system. If it is good, it is good for you
as well as for us. I cannot see that your conditions
on this side of the water vary very much from our
conditions in England. One thing is quite certain—that
the sole end and aim of our work is to broaden out
the load curve. We say that our business and our
tariff must be so framed as to make it worth a man’s
while to use his light for as long as possible every
day; and, in fact, instead of using two illuminants,
and paying two lighting bills, use one, and that one
shall be ours.

I am very much obliged to you, gentlemen, for
the very patient and kind hearing you have given me.

THE PRrResIDENT: The next order of business is
a paper by Professor Charles A. Carus-Wilson, of
McGill University, Montreal, entitled “ The Induction
Factor; A New Basis of Dynamo Calculation and
Classification.” [ have much pleasure in calling on
Professor Carus—-Wilson.



THE INDUCTION FACTOR; A NEW BASIS
OF DYNAMO CALCULATION AND
CLASSIFICATION.

The contents of this paper are, for clearness, divided
into sections as follows:

I. Definition of the #mduction factor and methods

of determining it experimentally.

II. Definition of the force factor, with examples

III. Use of the induction factor in Dynamo calcu-
lation. Motors running at a uniform speed.
Examples: Street railway motor; elevator
motor.

IV. Motors running at a varying speed. Examples :
Elevator motor; street railway motor.

V. Use in special design. Example: The motors
on the Baltimore & Ohio_Railroad.

VI. Use of the znduction factor in dynamo classifi-
cation. Comparison of two generators of
equal kilowatt output and of two motors of
equal horse-power.

VII. Classification into types depending on the form

of the force factor curve, with examples.

SECTION 1

If a dynamo has A conductors on the surface of
the armature, N lines of force per pole and p pairs
of poles connected in series, the torque in inch-pounds
for C amperes passing through the dynamo can be
written

—8
t=1.41pCAN 10 (1)

When N is a constant quantity, the only variable

in this equation is C; so we can write
t=1.41CM (2)

where M depends simply upon the number of con-
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ductors on the surface of the armature, the number
of lines of force per pole and the number of pairs of
poles connected in series, and can be expressed thus:
—8

M=pANi1o (3)
If the armature rotates uniformly at 2 revolutions

per second, the induced volts can be written

—8
e=pANnio «@)

Thus M = Z and may be defined as the induced

volts divided by the number of revolutions per second ;
we may call M the 7nduction factor of the dynamo.

We must not suppose that, because M can be
defined as the induced volts divided by the revolu-
tions per second, it necessarily depends in any sense
on the motion of the armature. Equation (3) shows
that M depends only upon the number of conductors,
the lines per pole and the number of pairs of poles
connected in scries, and this equation holds true if
the armature is at rest, and does not in any way
involve the speed.

The induction factor can be determined exper-
imentally, either by observing the torque for a
measured current, or the induced volts at a measured
speed; the latter method is the most useful, as the
necessary observations are so easily made.

Example 1. We wish to know the torque on the
shaft of a direct-coupled generator when delivering
a current of 300 amperes. We see by the tachom-
eter that the speed is 400 revolutions per minute,
while the voltmeter reads 120 volts on open circuit ;
dividing the volts by the revolutions per second, we
at once find the induction factor to be 18, and the
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required torque 1.41x300x18, or 7,610 inch-pounds.
Thus, by simple inspection of the tachometer and
voltmeter, we can ascertain the forces acting in the
machine for any given current in the armature.

If the voltmeter can be read only when a cur-
rent is passing in the armature, we must, of course,
make an allowance for the internal drop, since the
value of ¢ used in determining the induction factor is
the true induced volts.

Example 22 We have to find the pull on the
belt driving a railway generator, the pulley having a
diameter of forty inches. The tachometer reads 440
revolutions per minute, while the voltmeter indicates
550 volts, the ammeter reading 4oo amperes. Neg-
lecting the internal drop, the induction factor appears
to be seventy-five, so that the pull on the belt is
given by 1.41x400x75+20, or 2,110 pounds. If
now the internal resistance were 0.0375 ohms, there
would be an internal drop of fifteen volts, so that the
true value of the induction factor would be seventy-
seven, and the actual pull on the belt fifty-six pounds
more than we had estimated. The pull thus calcu-
lated is, of course, that due to the current in the
armature, and does not include that required to make
up the core and friction losses.

SECTION 11

If for t we put T, where T is the force at the
rim of a pulley of diameter d, equation (2) can be
written

I
T=;a M C 107 dynes (s)
where d is expressed in centimetres, T in terms of

C. G. S. unit of force and C in amperes. If, now,
the circumference of the pulley be 10’ centimetres, 7. e.,
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if 7ad = 10" centimetres, we can express the force of the
dynamo thus:
T=M C dyaes (6)

The forcc of a dynamo may thus be defined as a
force of M C dynes at the rim of a pulley .o
centimetres in circumference. We may call M C the
Jorce factor of the dynamo.

Since M is the induced volts divided by the revo-
lutions per second, it follows that C M=Cn-(E ; but
C e is the rate of doing mechanical work; 7 ¢, the
work done per second measured in watts, hence C M
is the work done per revolution of the motor at
any speed. If, then, we are given C and M, we can
find the work per second, 7z ¢, the rate of work-
ing, or the power, by simply multiplying the product
C M by the revolutions per second.

Example 3. If the induction factor of a dynamo is
five, and the maximum current one hundred amperes,
C M=3500, and the rate of working at twenty-five
revolutions per second is seen at once to be 12.5
kilowatts.

Many manufacturing firms have used the ratio of
the watts to the revolutions per second as a basis of
comparison of dynamos without perceiving its true sig-
nificance, and have called this ratio the mass factor.

The fact seems to have been overlooked that the
ratio of the induced volts to the revolutions per
second is a constant, so long as the useful lines per
pole remain unaltered, being, in fact, what we have
termed the induction factor.

While the force factor and the so-called mass factor
are one and the same thing, the latter is expressed in
a way involving the idea of power and, consequently,
of speed, while the former indicates the real nature of

16
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this ratio, showing that it is quite independent of
speed, and, therefore, not a power unit at all, much less
a mass unit, but a force unit.

Example 4. A four-pole railway generator, with the
armature parallel connected (giving P=1), has 440
conductors on the armature, with 16.1x10° lines per
pole; the induction factor is seventy-seven, and the
force factor for 600 amperes is 77x600=46.2 kilo-
dynes; the output at 450 revolutions per minute is
46.2x 7.5=346 kilowatts; the dynamo is a General
Electric Company's M. P. 4, 300 multipolar railway
generator. '

Example 5. A ten-pole generator, armature parallel
connected with 1,440 conductors and 28.6x10° lines
per pole, will have an induction factor of 412.

The force factor for 1,500 amperes is 412X 1,500
=618 kilodynes, and the output at eighty revolutions
per minute is 825 kilowatts. The dynamo is a
Westinghouse ten-pole railway generator.

USE OF THE INDUCTION FACTOR IN DYNAMO
CALCULATION

SECTION I1II

The induction factor forms a connecting link
between the calculation for and the construction of a
motor, and since it is the true basis of the dynamical
action of the motor, it can be made the subject of
calculation and enter into equations of any complexity.

Examplé 6. We have to design a motor that will
draw a car at thirteen miles an hour, with a tractive
effort of 680 pounds on thirty-three-inch wheels, with
gear ratio 4.78 on a jo00-volt line, the resistance of
the motor being 1.3 ohms. If the mechanical effi-
ciency is eighty-five per cent, the total tractive effort
T must be 8oo pounds.
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If E be the tension of the line, d the wheel diam-
eter, v the gear ratio, S the speed in miles per hour,
R the resistance of the motor, the induction factor is
given by the following equation :

M=ravs |V (- TS) | g

Inserting the given values in this equation, we find
M to be 41.7. We also see from the equation

Td=282vMC (8)

that the current, when running with the given load,
will be forty-seven amperes.

So that the motor must have an induction factor
of 41.7 and carry safely 47 amperes; 7. e, the force
factor must be 1,960 dynes.

The induction factor may be made up in any way
that is most convenient. If there are 720 conductors
on the armature, and four poles, the armature, being
series<connected, giving p=2, we see from Equation 3
that we must have 2.89x10°® lines per pole. Further,
if the motor is series-wound, it must have the speci-
fied induction factor for forty-seven amperes in the
field winding.

Equation 7 may be written in the form

M= 7855" 51+$/(x—31—7_3—5} (9)

where s is the velocity measured in feet per second,
and d is the diameter of the rope drum of a crane
or elevator.

Example 7. We have to design a motor for an
elevator where the unbalanced weight to be raised is
2,000 pounds, the velocity 200 feet per minute, the
tension of the line 125 volts, the gear ratio seventy-
five, the friction equal to 1,400 pounds at the rim of
the rope drum, which is thirty-six inches diameter,
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and the resistance of the motor o.05 ohm; inserting
these values in the equation, we find the induction
factor to be 4.45, and the running current 130 amperes ;
the force factor is therefore 578 dynes. If p=1, and A
=200, there must be 2.22x10° lines per pole. Since
the pull at the rim of the rope drum is 3,400 pounds,
when running at 200 feet per second, this motor
would develop about twenty horse-power; and if the
elevator had to act always at this speed, it would be
sufficient to describe the motor as a twenty-horse-
power motor; but this would give no information as
to the ability of the motor to accelerate, since, at the
moment of starting, the horse-power is nothing.

SECTION 1V

The current required for any given acceleration is
given by the equation

a=405X10 +x ; VL:I,XC. (r0)

where C, is the current required (over and above
the frictional or running current) to produce an
acceleration of a foot per second in a mass of W
tons.

Example 8. We have to start up the elevator car
of Example 7 in two seconds; z ¢., to get up a speed
of 200 feet per minute in two seconds; « is then 1.67,
and if we suppose the total mass to be moved to be
five tons, the required current is twenty-two amperes,
making a total current, at the start,'of 152 amperes.
The motor must therefore have a force factor of 676
dynes in order that it may start up in the given
time.

Note—Tons of 2,240 pounds and so throughout this paper. If tons of
2,000 pounds are found more convenient, the numerical constant can be
changed.
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motor, if there are two motors, for grades and starting,
or we may say that of the maximum permissible
current of forty-seven amperes, thirteen are used in
overcoming gear and track friction, and thirty-four are
available for grades or starting.

Now, 580 pounds are equivalent to a grade of five
per cent for a ten-ton car, so that the motor would
run a car of this weight at the given speed—thirteen
miles an hour—up a grade of five per cent. Taking
680 pounds as the useful effort at this rate, the useful
watts can be written (to within one-half per cent of
accuracy) as 2 S T or 17.7 kilowatts or 23.7 horse-
power. This is the maximum rate of working.

These motors, however, will not be able to start
the car on this grade. They can run the car when
once started, but if it should happen to stop on the
grade, they can not get it started again, since the
whole available current is used up in track friction:
and on the grade. 'We must draw more current
from the line if we are to start up on the grade.

Equation 10 tells us that we can make the
acceleration at the start anything we please, by
increasing the current above that required for the
grade and for fricticn. Let us find how much current
would be required to start up in twenty seconds on
a five per cent grade.

The final speed of thirteen miles an hour is equiva-
lent to 19.1 feet per second; if we have to make up
this speed in twenty seconds, the acceleration must be
1.91 feet per second, assuming uniform acceleration
throughout.  Inserting this value in Equation 10,
remembering that each motor has to accelerate
half the car, we find the required current to be
twenty amperes, so that the total current from the
line at the start would be sixty-seven amperes;
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namely, thirteen for friction, thirty-four for the
grade and twenty for accelerating. The distance
traveled in getting up speed would be about sixty-
three yards.

The motors then would have to be capable of
carrying sixty-seven amperes, and the force factor must
be 2,790 dynes.

SECTION V

When the tractive effort, the speed, the tension of
the linc and the resistance of the motor are given,
we can writc

Mv E /4T SRTSY
P L (2240

In designing a motor equipment to fulfill certain
conditions, we¢ must be able to distinguish between
the part played by each of the quantities, M, v and
d, in obtaining the desired result.

Example 100 A train and locomotive on the
Baltimore & Ohio Railroad weigh 78o tonms, and
have to mount a grade of 0.8 per cent at 10.7 miles
per hour. The frictional resistance of the track is
nine pounds per ton, reckoning at this rate both
train and locomotive. The tension of the line is 625
volts. Four gearless motors are used, permanently
connected in series, each having an internal resistance
of 0.0209 ohm.

Each motor thus has to move 195 tons on a
tension of 156.2 volts. The draw-bar pull per motor
for the grade is 3,490 pounds; for friction, 1,755
pounds; allowing ninety-five per cent mechanical
efficicncy, we get 5,500 pounds as the required
tractive effort per motor; inserting this value together
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with those for E, R and S, in Equation 11, we find
the value of % to be 2.32, v being unity.

It appears then that whatever size of driving
wheel we employ, the induction factor must be 2.32
times the diameter; and that so long as this ratio is
maintained, the locomotive will haul the train up the
grade at the required rate. For instance, if we take
wheels four feet in diameter, the induction factor
must be 111. If d is five feet six inches, M must
be 153. The current at full speed is 850 amperes
from Equation 8, and is unaltered by increasing or
decreasing the ratio of M to d, so that we should
take d as small as possible, consistent with leaving a
clearance for the motor and its attachments. The
actual values of M "and d for the motors in use on
the Baltimore line are M=144, d=62 inches.

When running at full speed each of these motors
would be doing work at the rate of 158 horse-power,
so that the horse-power of the locomotive would be
632. The current from the line would be 850
amperes, as obtained from Equation 8. This current
will not, however, start the train on the grade. We have
to find then how much current is required to do this.

If the start is to be effected in forty seconds,
since the final speed is 10.7 miles an hour, or 15.7
feet per second, the acceleration must be 0.393
foot per second. Inserting this value in Equation 10,
remembering that W is 195, and 1:14 is 2.32, we find
the current required for acceleration to be 810
amperes, making a total current at the start of 1,660
amperes, or a force factor of 239 kilodynes. This
agrees with the results obtained in starting a train of
the given weight under the given conditions. (See
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Mr. Lee H. Parker’s paper on the ‘ Electric Loco-
motives Used on the Baltimore Linc”, published in
the Street Railroad Journal for March, 1896.)

USE OF THE INDUCTION FACTOR IN DYNAMO
CLASSIFICATION

SECTION VI

Example 11. Two generators run at the same
speed and have the same kilowatt output. A is a gen-
erator giving ninety-six amperes at 125 volts, while B
gives 9.6 amperes at 1,250 volts. These two dyna-
mos differ radically, but the difference is one that
their classification by kilowatt output fails to recog-
nize. They differ dynamically, as can be seen by
passing the same current through both, when the one
machine will give ten times the torque of the other.
This experiment can be made when the machines are
standing still, so that the difference does not depend
upon that of their induced volts when they are both
running at the same speed, but, rather, the difference
of volts depends upon the dynamical difference that
exists whether they are standing still or whether they
are running.

The induction factors of these machines can be
found thus:

The low-tension machine has 200 conductors on
the armature and 2.5x10° lines per pole, p being
unity, so we have

M=zooxa.sz'x:o‘8=5

The high-tension machine has 3,760 conductors

and 1.33x10°% lines per pole, p being unity, so that

the induction factor is given by

M=3,760X1.33X lo‘)(lo-8=50

A comparison of the induction factors indicates
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the real difference between these two machines. If
they are to run as generators at cqual speeds ard
give the same kilowatt output, the current delivered
by one will be ten times that delivered by the other.
If they are to run as motors af the same speed
with the same horse-power output, one must run on a
line tension ten times that of the other.

Example 12. The motors in use on the Liver-
pool Overhead Railway and on the City and South
London Railway are rated at about the same horse-
power, but on actual test the Liverpool motor can
pull over two of the South London motors when
equal current is passing in all three.

The motors on the Liverpool Railway were designed
to run in parallel, two motors to each car, while thosc
on the South London Railway were designed to run
permanently in series, two motors also to each car.

If the tension of the line, the speed and the
draw-bar pull were the same in the two cases, the
induction factor of the Liverpool motors must be
twice that of the South London motors; the values
were actually 120 and 60 for 100 amperes in the
series winding in each case, the force factor being
twelve and six kilodynes, respectively, for this cur-
rent. Hence, each of the Liverpool motors must
give twice the draw-bar pull of one of the South
London motors for the same current, provided the
wheel diameter is the same in both cases. The
wheels on the Liverpool cars have a diameter of
thirty-three inches, while those on the South London
cars are twenty-seven inches diameter; so that the
respective draw-bar pulls for one hundred amperes
would be (taking the values of M as given above),
for the South London motors, 630 pounds, and for
the Liverpool motors, 1,030 pounds.
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cal ordinates give the force factor in kilodynes, and
the horizontal ordinates give the weights in pounds.

The curves afford a convenient way of comparing
the two types. The well known fact that the four-
pole machines give a greater output for equal weight
than the two-pole machines is clearly shown. The
numbers against each point show the rated kilowatt
output. All the dynamos in this diagram are wound
for 125 volts. Equal force factors and equal speeds
give equal kilowatt output.

The force factor corresponding to any weight may
be made up in a great number of different ways, by
taking different values of M and C.

For instance, taking a force factor of 2 kilodynes,
we may have machines of equal weight with the fol-
lowing differences :

Revolutions per min-

C. M. MC. ute for 125 volts. Kilowatts.
200 I0 2,000 750 2§
250 8 2,000 940 31
340 5.9 2,000 1,270 42
400 5 © 2,000 1,500 50

There is thus a considerable range of output for a
machine of given weight, according to the speed at
which it is to run. For this reason we may find
machines of the same type giving equal output, but
of different weights, the heavier machine running
slower than it need do, if it occupied its normal posi-
tion on the force curve.

Thus a dynamo of this type, giving 340 amperes
at 125 volts at 1,270, will weigh 3,550 pounds, and
have a force factor of two kilodynes. A dynamo of
the same type, weighing 4,750 pounds, has a force
factor of three, and, if required to give 340 amperes
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which gives the variation of the current with the
weight.

In Figure 3 the curve @ 4 has been drawn on
the assumption that the current curve od is a straight
line. It is probable that it is not quite straight, but
it would seem that the weight varies very nearly as
the current. The induction factors are plotted verti-
cally on a scale of one inch equal to one hundred of
M, and the currents on a scale of one inch equal
to 500 amperes.

As an illustration of the use of the curve, let us

TABLE

DIRECT-CONNECTED RAILWAY GENERATORS

. kilo- . C. g
Poer | et o e S|
[
10A. ' 1 5§00 910 12§ 264 240 ) 64.0
10B. - 2 ... e 7% } 440 3604 : 87.1
10B. 3 e 90 367 334 . 760
10B. 4 100 | 330 300 ' 913
10B. o 800 1,450 8o | 412 600 110.0
10B. 5 120 275 400 94 4
10C. ! 6 100 330 480 1C0.9
8A. 7 400 725 8o 412 300 743
SA. ' 8 120 275 200 04.3
8A. | 9 100 : 330 240 71.4
6A. 10 150 270 200 ° 16% 44.5 13.1
6A. 11 226 410 200 | 165 067 s 25.1
GA. ' 12 .. 150 | 220 90.0 34.3
GA..: 13 120 | 275 113 37.0
6A. . 14 |, 300 545 ; 3c0 165 . go.0 39.1
GA. 1Is i ... | veee 1 150 220 120 43.9
GA. 16 . ... . .... . 100 330  1%0 6o.4
6B. | 17 | 4o | 725 l 150 220 | 160 §9.7

find the lightest dynamo of this type that will give
soo kilowatts at 550 volts.

The current is gro amperes, and the weight, con-
sequently, 69,000' pounds. The corresponding induc-
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tion factor is 270, so that the machine must run at
122 revolutions per minute.

If we look at the list of dynamos in the table, we
shall see that the lightest dynamo of this output, actu-
ally made, weighs 64,000 pounds, and runs at 125
revolutions per minute, being thus a little lighter than
that indicated by the theory.

NoTte—The limits of this paper do not permit me
to insert the proofs of the equations it contains. These
will, however, be found in full in the work on Electro-
Dynamics, which I am now preparing, and which will
shortly be published by Messrs. Longmans, Green &
Co., London and New York.

ProressorR Carus-WiLsoN: I am very much
obliged to the General Electric Company for having
given me these data. It is quite impossible, without
the aid of a blackboard and more time than we have
to give to the subject this afternoon, to go into the
matter in any greater detail. But those of you who
have this paper, who care to do so, will like to go
into the matter more at leisure; and if at any time
you care to correspond with me on the subject at
McGill University, Montreal, I shall be very glad to
have any data you may have to give me and to have
some interchange of correspondence on this subject.

MgRr. Crav: [ understand, Mr. President, that a
discussion of this paper cannot be gone into without
certain equations, and I would therefore move you
that a vote of thanks be extended to Professor
Carus-Wilson for the preparation and reading of this
paper. '

Tue PresipENT: It has been moved and seconded
that a vote of thanks be tendered Professor Carus-
Wilson for the preparation of the paper that he has
just read. It is difficult for us to appreciate the

a
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amount of time and attention that must be given to
the preparation of such a paper to be presented at
a convention; and those of us who were at the
Montreal convention, and had the pleasure of
accepting the hospitality of the McGill University
authorities and visiting their different technical labora-
tories and seeing the extent of the work that they
had in hand for the advancement of the educational
interests under their charge,—can fully appreciate how
busy a man Professor Carus-Wilson is; and under
these circumstances I think he is certainly entitled
to a very hearty vote of thanks for the time and
trouble that he has given to the preparation of this
paper. I will put the resolution.

Carried.

THe PresiDENT: Professor Carus—Wilson, I have
to tender you the thanks of the association.

THe PresipENT: It is now my more than ordi-
nary pleasure to introduce to you a very old friend ;
one who has stood by the association for many years,
and whoin we have always felt that we could call
upon, no matter what his other interests might be, to
be present and, not only to prepare a paper when
asked to do so, but to take a very active part in our
discussions. I call upon Professor Elihu Thomson to
read his paper on ‘‘ Recent Progress in Arc Lighting.”

Professor Thomson then read his paper as follows:

17
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RECENT PROGRESS IN ARC LIGHTING

It is now six years since I read a paper on “The
Electric Arc and Its Use in Lighting” before this
association. In that paper a general outline of the
history and nature of the electric ar¢c was given,
together with a number of considerations relating to
the arc as a source of illumination. The means for
supplying current to the lamps and controlling the
feed of the carbons were also touched upon.

Since that time considerable technical advances
have taken place in this important field, and a con-
tinuous commercial expansion of arc lighting as an
industry has resulted.

The purpose of the present paper is not, however,
to deal with the commercial aspect of the case, except
in so far as it is evidently the result of the improved
devices which have been brought out in the past few
years. In looking over the ground we find, also,
that it is certainly not possible to deal very compre-
hensively with the several divisions of the subject
within the limits natural to a paper such as the
present one is intended to be. Should it serve as a
foundation on which a general practical discussion of
the various topics can be based, the writer's purpose
will have been fulfilled.

We have, to-day, in actual commercial use arc
lamps running under quite a variety of conditions as
to nature of current, regulation of the current, and
conditions concerning the arc itself as a source of
light.
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voltage, there has naturally resulted thus far very little
real commercial use of series inclosed arcs, and where
they have been on trial use they have, in most cases,
so far as the writer is aware, been discontinued.

The dynamos for constant-current arc lighting are
not, of course, so efficient as high-class, constant-
potential machines, but as the running of arcs with
constant-potential, continuous currents demands that,
for steadiness or stability, dead resistance or other
additional apparatus, more or less wasteful of energy,
be used in the lamp branches, what may be gained in
one way is likely to be lost in another. And this
remark, it will be found, is applicable still more gen-
erally in the comparison of methods of working arc
lights.

In recent years the tendency in series arc lighting
with constant current has been to increase of voltage
of the dynamo, and machines capable of working 125
to 150 arc lights in a series have been developed suc-
cessfully. But the potential between terminals in such
a case may be 7,000 volts—often too high for secur-
ity, and in some places forbidden by special legislation.
An ingenious method of employing such machines
when, as is the case with the Brush machine, several
commutators are present in series relation, has been
devised by Mr. Green, of the Brush company. This
plan demands that separate pairs of wires be run from
the machine to the switchboard for each circuit, but
the unquestionable effect of the new connection is to
limit the difference of potential which is possible to
be manifested between any two parts of the circuit
through the machine and lamps. A simple diagram
like Figure 1 will make the connection and its general
effect on the distribution of potentials clear to those
who may not have given attention to the subject.
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tators connected directly in series, and the lights all in
one series—the old plan. Where the conditions of
the circuits leaving the station are such as to permit
inductional effects on parallel wires—such as those of
a telephone system—the new plan of circuit connec-
tions may give, as appears to have been already
noticed, a greater inductive disturbance. This must
be owing to the relatively simpler commutation per
loop of lamps. In the old series connection all the
commutators in series acted virtually as one of many
segments, which tended to give a smoother potential,
or prevent waves in the potential of the line. In the
new plan each commutator of few parts acts, in a
measure, independently of the others, and impresses
its own variations of potential more directly on the
lamp lines, giving rise to electrostatic inductional
effects.

The immediate future of the series arc lighting
system appears to be in the development of large
dynamos, up to, say, 300 arc lights each, running at
such speeds that one or a pair may be easily coupled
directly to the shaft of a moderately high-speed
engine. The use of a regulated constant current in
the series system, besides giving a simple system as to
wiring, etc., is seemingly best adapted to the use of
the cheaper carbons. For extended districts the
series arc lighting system is still likely to hold its
own, but displacement by constant-potential arcs and
inclosed arcs on constant-potential circuits will doubtless
continue in cities supplied by underground low-pressure
systems with continuous currents.

While it is true that in the open coil types of dyna-
mos—such as the Brush and Thomson-Houston—the
current, as set up by the armature, must necessarily be
wavy, still it must be borne in mind that the field mag-
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differential lamps on the circuit, with a large proportion
of the shunt-feeding type, the differentials are the
ones to suffer and not the others. The former are
sensitive to current variations, the latter indifferent
thereto.

There is neither time nor space to devote to the
details of arc-lamp mechanism for constant-current
circuits, though much might be said in regard to the
proportions that should be given to the parts, the
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character of pull to be secured in the magnets con-
trolling the lamp, the securing in clutch lamps of a
slow or “sneak ” feed (as it is sometimes expressively,
if not elegantly, termed) for the carbons, the cut-out
switch, etc., in both differential .and shunt-magnet-
control mechanism. There are two points, however,
which may be touched upon in this connection, as
tending to secure the best results. First, the variation
of pull for a given variation of current in the magnets
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that take an alternating current and commute the
waves, or rectify them, so that the flow of current is
in the same direction always, though rising from zero
to a maximum for every alternation in an alternating
current. The more or less near approach to conti-
nuity of current will depend upon the shape of the wave
rectified. A rectangular wave, properly rectified,
would, as in Figure 3, give a true continuous current.
Other forms of wave give less continuity, depending
on the sharpness of the individual wave peaks, ¢, 4,
Figure 4. The character of arc produced by the rectified

FiG. 4.

current resembles closely that of the continuous-current
arc, in that the crater in the positive carbon is present,
and the negative tends to point itself. There is,
however, a strong note or sound evolved from the
arc, depending for its pitch upon the periodicity or
frequency of the alternating current. The inductional
effects of the pulsating currents in lines upon neigh-
boring lines will, of course, resemble those of alter-
nating currents, though less musical than the latter
when a sound results, as in a telephone. In order to
make it easy to commute or rectify such a high
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phase currents are to be rectified, there will be at least
two or three constant-current tranformers, one for each
phase, and the secondary current may be combined
through commutators resembling those of the Brush
arc dynamo for the two-phase, and the Thomson-
Houston for the three-phase. In such cases the result-
ing rectified current is much more nearly a steady or
smooth current, and not so much of a pulsating char-
acter. This is, of course, owing to the relation of
the phases being such as to cover each other's zeros
or to overlap. Under proper working conditions
there should be a certain field for the use of rectifiers
in the United States, as well as in England, where
Ferranti has for some time past had some of them in
use. It is difficult to adapt a rectifier to periodicities
of as high as 125 per second, but with sixty periods the
problem is comparatively easy. The use of rectifiers
has the one great advantage of permitting the genera-
tion of current in a station to be by means of large
direct-connected dynamos, a portion of the output of
which is used in the ordinary way to feed lights, etc.,
through the wusual constant-potential transformers,
while another portion, feeding rectifiers, supplies the
arc lamps of the system instead of special arc dyna-
mos, while, if needed, the whole capacity of the gen-
erator may be utilized for one or other kind of load,
as desired. ‘

The arc lamps worked by rectifiers are like con-
tinuous-current arcs in giving the downward distribu-
tion of light from the positive crater, a feature of
great value in street lighting. There is also complete
regulation—such that lights may be cut out ad Zzbitum
by shunting, while the other lights remain unaffected.
Furthermore, the efficiency of the rectifier is high,
and may easily be made over ninety per cent.
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bright the other was dim, and the reverse. This phe-
nomenon does not occur with properly constructed
lamps, which are sufficiently sensitive feeders. Lamps
for this service, capable of feeding within one volt
variation at the arc, are in use, and the steadiness and
reliability obtainable is all that can be desired.

In regard to ‘“inclosed arc lamps”, it may be
said that they are beginning to be applied in a series
of five upon circuits of 500 volts potential, but the
consideration of this type of arc will be deferred till
later, when the subject of single lamps on constant
potentials is discussed.

The distribution of current for arc lighting at
constant potentials has undoubted advantages, one of
which is the relatively low tension and absence of
danger. Another is the facility of installation along
with incandescent lights, and ease in metering the
supply. The loss of energy in the distribution may,
at full load of lines and moderate distances from the
supply station, be, say, ten per cent or more, charge-
able chiefly to feeder drop, and about fifteen to twenty
per cent in dead resistance in the lamp branch. We
may take, then, twenty-five per cent as an average
loss in reaching the lamps. This loss, which is much
greater than the percentage of loss on the series sys-
tem, is yet largely, if not wholly, made up by the
superior efficiency of the constant-potential, low-press-
ure generators of large capacity over that of arc
machines of relatively smaller output, and by the higher
engine efficiency which may readily be attained in
driving large generators, especially when working with
economical loads. 1t must not be forgotten, however,
that for equally good results a better and more
expensive carbon will be required for constant-potential
work than for plain series arc lighting. These obser-
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lamps in a series would result at once in a great
increase of current in the others and a serious departure
from normal working.

By shunting each lamp in the series by a specially
constructed and carefully proportioned reactive coil,
wound upon a laminated core, the difficulty just
pointed out is obviated with but small sacrifice. The
reactance of the shunting coil is adjusted to give,
when two to three amperes of current traverse it, a
potential between its terminals just sufficient to work
the arc lamp which it shunts, and the gauge of wire
of the coil must be ample to carry the full current of
the line, for, in this case, the arc lamp is extinguished
by simply open-circuiting it, while leaving the react-
ance in circuit. It is also necessary that the iron core
"of thc coil shall be at, or near, magnetic saturation
when the arc lamp is burning, so that its reactance
shall not greatly increase when, by accident, the lamp
fails to feed or it is purposely open-circuited and the
coil has to carry the full line current. In such a
series, provided with shunting reactances, the ordinary
series magnet in the lamp, for separating the carbons
to form the arc and regulating the same, is all that is
needed, since the variations of current alone are
sufficient to serve the purpose, no shunt or differ-
ential magnets in the lamp being called for. It will
be understood that the apparent energy consumed in
the reactances is not, in fact, wasted, for the phase
relation of the current is such as to make the current
in the coils approach a wattless current or one with a
low-power factor. For example, a coil which shows
two and one-half amperes of current and thirty volts,
or approximately seventy-five watts, may, in reality, not
consume more than ten to twenty watts. Another way
of accomplishing even a better result, but one which
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delivered at all loads from short-circuit up to the full
load, or highest available working potential. The
transformer then resembles an arc machine with an
instantaneously acting and perfect regulator, or such
a machine with a characteristic curve which droops
vertically. This would mean the preservation of thc
same current at all potentials. By properly propor-
tioning an alternating-current dynamo, the same prop-
erty of constant current has been given to the
machine.

For arc lamps in series on alternating current,
this constant-current property is perfectly adapted.
But in this case the regulation of the lamp must be
by a shunt magnet responding to the potential across
the arc, and not to the current passing through it,
which is constant. Of course, the shunting reactances
before mentioned might be used, but these would
have no particular function in this case, since the sys-
tem of supply permits free shunting of the lamps, and
the current is the same even down to short-circuit.
Numbers of lamps were installed several years ago by
the Thomson-Houston company, and worked in the
way indicated, the transformers being of approximate
constant-potential property, but the writer does not
know to what extent they are still in use. That the
system is not entirely dead was indicated by a recent
demand for additional transformers of the same type,
though for quite a period none were supplied or asked
for. The system has its merits, like the series arc
system with direct currents. It does not demand the
highest grade of carbons, and the lamps are not liable
to chatter at starting.

Further consideration of the nature of an alternat-
ing arc in relation to the light-giving effect and to the
mechanism which must be used to control the lamp,
carbons, ctc., will be given later.
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carbons as would give so little deposition as is required
to work an inclosed arc practically.

Curiously enough, as late as about 18go, there was
a revival of the inclosed arc as applied to arc light
circuits in place of the ordinary series arc lamp. The
sealing of the arc, so to speak, was such that about
sixty-five volts were required to work it. A saving
of carbons was effected, but the number of lights
obtainable frem an arc dynamo of any given capacity
was seriously reduced, as was also the commercial
value of any arc-light line whose potential was limited
either by law or circumstance. Contrary to the
original expectation of its promoters, the use of
inclosed arcs on series circuits did not progress
rapidly and soon retrograded. Many causes, besides
the one of reduced capacity of lines, had undoubtedly
an effect. Cheap carbons for open arcs, impure car-
bons for inclosed arcs, breakage of inner globes—
resulting in rapid consumption of carbon—obscuration
of light, etc., must have contributed largely to the
result.

When it is remembered that, to get the best
results with arc lamps on constant-potential circuits,
the use of rather expensive cored carbons is necessary,
the saving of carbon and frequent trimming becomes
a very important item and permits the employment
of more expensive carbons, provided they last long
cnough. The high voltage demanded by the inclosed
arc was soon seen to be not a disadvantage, but a
positive advantage for constant-potential circuits, inas-
much as it permitted the use in one lamp of a larger
fraction of the total—generally 110 volts. Hence,
instead of keeping down the potential, it could even
be raised from sixty-five to seventy-five or to eighty
volts with advantage. In fact, it may be that the
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this variation would rot only be quite noticeable, but
in many cases intolerable. The diffusive power of
the glass, however, is such, in- the case of the opal
coating, that the traveling of the arc is, in large
measure, compensated, and the general effect is that
of a very steady, uniform light. Were it not for the
diffusive power, the color of light, as well as the
intensity, ‘would change greatly; as when the arc
happened to be on the side of the carbons away from
the observer, the light would then be in greater pro-
portion from the purple or violet arc flame, and less
from the glowing ends of the carbons themselves.
The carbons to be used in an “inclosed arc”
should be of the very highest grade as to purity, not
too hard or dense, as straight as possible, uniform in
diameter and circular in section, and should be
obtained of as near a standard diameter as possible,
so as to avoid the necessity for adjusting the caps of
the inner globes to the size of the carbons. It is
necessary that the caps should fit pretty closely
around the carbons to avoid leak and consequent
reduction of life. Leaks of air into the inner globe
must be carefully avoided, if any reliance is to be placed
upon a lamp for a given run without recarboning.
During the run the upper part of the inner arc-
inclosing globe is coated slowly with a deposit, nearly
white in color when the carbons are free from iron,
and consisting of what little mineral matter has been
left in the carbons. Fortunately, the hot uprising
currents from the arc deposit considerable of this on
the cap above and return to the arc to be re-heated
and again circulated at a little above the level of the
arc itself, and, as the lower carbon consumption grad-
ually causes the arc to descend, the light of the arc
continually reaches portions of the glass wall which
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supply current to arc lamps demanding forty-five volts
at the terminals and approximately the same at the
arc. By the use of resistance in circuit, however, and
sufficient additional potential, the current, otherwise
‘“unstable”, becomes ‘stable”, and the arc stable. It
is possible, indeed, with especially sensitive lamp mech-
anism, to replace a part of the resistance needed by
inductance, and thus save some energy. The *inclosed
arc” also demands a sacrifice of energy in resistance,
for a circuit of eighty volts constant potential will not
run eighty-volt arcs.

For the purpose of discovering the minimum drop
of potential required to exist over a dead resistance
in circuit with arcs on constant-potential mains, the
writer instituted and had tabulated a series of tests in
which the resistance in circuit with arc lamps was
gradually cut down along with the line voltage, while
the current and voltage of the arcs were maintained
the same. A set of tests was made with two Thom-
son ‘93 lamps in series, using at one time plain
National carbons, and at another a cored upper of
one-half inch diameter, and solid lower carbon of one-
half inch diameter. Also a set of tests was carried
out with eighty-volt inclosed arc lamps adjusted for
currents of different amount at different times. Dur-
ing each test the line voltage was lowered and resist-
ance cut out until instability of arc and current
resulted, while up to that time the current and volt-
age of the arc were kept the same during the partic-
ular test.

The general result of these tests was as follows:

TWO ’93 ARC LAMPS IN SERIES, WITH VARIABLE
RESISTANCE.

One-half inch National carbons.
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With 45 volts at each arc and a current of ¢.6
amperes in the lamp branch, line voltage could not
be reduced below 110 volts. This would give a drop
of 20 volts over resistance and lamp magnets.

With 45 volts at arcs and 7.9 amperes, the limit
was reached at 108 volts on the line.

With 46 volts at arcs and 6 amperes, the limit
was 108 volts on the line.

TWO '93 ARC LAMPS IN SERIES, WITH VARIABLE
RESISTANCE :

Carbons, !4-inch cored upper; -inch solid lower.

With 46 volts at arcs and 15 amperes current, the
limit was 106 volts on line.

With 46 volts and 12 amperes, the limit was 104
volts on line.

With 46 volts and 9.4 amperes, the limit was 108
volts on line.

With 45 volts and 7.3 amperes, the limit was 104
volts on line.

With 42 volts at arcs and 6 amperes, the limit
was 98 volts on line.

TEST OF 80-VOLT INCLOSED ARC LAMP, WITH VARIABLE
RESISTANCE IN ITS CIRCUIT.

Solid upper and lower {%-inch ‘Electra” carbons.

With 75 volts at arc and 7 amperes, the limit of
line voltage was 88 to go.

With 74 volts at arc and 6 amperes, the limit of
line voltage was g2 to 94.

With 75 to 76 volts at arc and 5 amperes, the
limit of line voltage was g2 to 94.
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With 78 volts and 4 amperes, the limit of line
voltage was 98 to 100. '

With 76 volts and 3.2 amperes, the limit of line
voltage was 100. (Carbons, §-inch “ Electra”.)

The above tests are, doubtless, sufficiently accurate
to show the main point very clearly. This is that a
certain line voltage as a minimum is absolutely neces-
sary in working arc lamps on constant-potential lines,
whether they be open arcs or inclosed arcs. Thus,
two forty-five-volt arcs in series, with uncored carbons
like the brand known as ‘ National”, can not be
safely worked below 110 volts on the line with resist-
ance in series with them. More than 110 volts
should, of course, be maintained for safety of the
service.

The tests show, also, that, with a cored upper
carbon, the limit is lowered several volts on the aver-
age, and it is known that the voltage of the arcs
may be safely reduced somewhat when cored positives
" are used. :

It is also shown that a seventy-five to eighty-volt
arc, run upon a constant-potential line, is stable at
considerably less line voltage than the open arc. It
would appear, also, that, with either open or inclosed
arcs at ordinary current strengths of from five to ten
amperes, the steadying resistance in the branch is
required to cause a drop of about fifteen to twenty
volts, or waste energy at the rate in watts of fifteen
to twenty multiplied by the amperes of current- used
in the lamp.

What the development of the art wox/d have been
if the voltage of our incandescent circuits was, as
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several connections of the kind may be made to the
same coil anywhere between its ends, provided that
the wire included between the two connections for
one lamp circuit is sufficient to give the requisite
voltage.  Further, the sections of wire thus chosen
may overlap each other, and portions of the compen-
sator coil thus appear to be doing double or treble
duty. Whether the current be furnished direct from
the secondary of a transformer or through compen-
sators, the lines led to the lamps are of constant-
potential character, and the lamps have to be adapted
thereto.

An alternating arc is peculiar, and different from
the continuous-current arc in a number of important
~ particulars.  The fact that the arc is. extinguished
between successive alternations at the zero points of
the current wave, and at a rate equal to double the
periodicity, results in the musical sound of the arc,
which may become a source of annoyance. The same
cause gives rise to difficulty in starting the arcs with-
out having them chatter, for until the carbons get
strongly heated the arc is not re-established after
extinguishment with the carbons separated. With
cold carbons, the carbons must touch each other after
an extinguishment at the zeros. Hence, the carbons
must be separated very slowly, while a large current
flows so as to strongly heat their ends, or a higher
potential than that to be used in running the lamp
after starting must be applied at first. Another way
is to employ a resistance or, better, a reactive coil in
circuit with the arc lamp, so as to change the charac-
ter of the potential at the lamp terminals, which then
becomes less than that of a constant potential, and, in
fact, begins to approach, in a measure, constant-current
supply. But in the use of a resistance or reactance
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The distribution of light from an alternating-cur-
rent arc with vertical carbons, owing to the fact that
the chief light source—the positive crater—is on the
upper and lower carbon alternately, is both downward
and upward. The upward radiation, except in rooms
with white walls or ceilings, or with the lamps pro-
vided with shades or globes of a strong diffusing
power, would be lost except for the employment of
deflectors or reflectors immediately above the arc,
which catch a fair proportion of the rays and send
them downward. The lamp in this case is made
focusing, so that the arc will always be kept burning
but a short distance below the reflector plate, which is
made with a heat-resisting, white enameled surface.

A moment’s consideration will show that under
no circumstances can an alternating arc give out as
much light for a given expenditure of energy as does
a continuous-current arc for the same expenditure.
The light comes mainly from the positive crater, whose
temperature and consequent luminosity is limited by
the vaporizing point of carbon. The positive crater
from which the current passes to the arc is much
larger and much hotter than the negative spot on the
opposite carbon receiving current. If, now, there is a
rapid interchange or reversal of current and dead
points or zeros between the reversals at each alterna-
tion, the positive crater has to form anew upon a sur-
face which, while negative, was, on the average, far
below crater temperature, having cooled during the
time it was negative, and during the zero or period
of extinguishment. It results from this that the aver-
age temperature of the light-emitting surface of carbon
in an alternating arc is below that of the vaporization
temperature of carbon, and the emission of light con-
sequently lessened. It is known that the light emitted
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able sacrifice has been made for the result attained,
particularly as in the use of hot wire over-feeding is
liable to take place. The writer obtained, a consid-
erable time ago, a much better result by using the
hot-wire principle, but variably shunting it by a set
of contacts controlled by a small electro-magnet
in series relation, which addition imparted greatly
increased sensitiveness, while the slow start given by
the hot wire was still secured.

It is well known that in practice an alternating-
current arc often starts readily with new carbons, the
trouble of chattering appearing when a new arc is to
be started with carbons which had before been heated
or used. This difference is owing to,the fact that
in the latter case the high temperature of the arc had
driven out the gases and volatile materials which, as
present in the ends of the new carbons, facilitate the
formation of flame or lower the resistance of the arc
at starting. By dipping the ends of the used carbons
in a solution of some salt for a moment, the required
volatile matter may be furnished to them so that they
- will start as readily as the new carbons.

The arc in the ordinary alternating-current arc
lamp appears to be stable, even when the connection
is made across constant-potential mains without resist-
ance or reactance in the branch as a check upon the
current.  Therefore, nearly all the energy may be
thus delivered to the arc itself without deduction.
This fact tends to neutralize the lower efficiency of
light production in the alternating arc, since the con-
tinuous-current arc on constant poténtials involves a
dead resistance loss. Any comparison, then, must,
for practical purposes, consider the total energy used
in the branch in which the lamp exists, and the light
produced or cmitted in directions permitting utilization.
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being equal. It is too early to predict what part
the *“inclosed” alternating arc may play in the future
art of arc lighting, but it probably will find a consid-
erable application.

When an alternating arc is run with a consider-
able dead resistance in series with it, or when a
reactance coil is in series, or when it is fed from the
secondary of a leakage transformer, taking the whole
current thereof, the condition approaches, though in
cases only imperfectly, the running of the lamp on
approximately constant current. In reality, the con-
dition is intermediate between constant-current and
constant-potential working. In such a case the regu-
lation of the lamp may be by a series magnet, or a
shunt magnet, or by a combination of both. In fact,
there is no real utility in generating a constant cur-
rent of alternating character for working a single
lamp. The utility of the ‘intermediate” working,
just alluded to, is in the lessened liability to rupture
of arc, lessened chattering at starting, and avoidance
of excessive flux of current if the carbons, by acci-
dent, come together. The condition is one decidedly
useful in the case of the “inclosed arc” of alternating
type, and it is doubtful if such arcs can be run,
except under conditions like those here called ‘ inter-
mediate”. For saving energy a reactance or reactive
coil in the lamp circuit is preferable to a dead resist-
ance, and is relatively more effective.

It may be well to add to the present paper, which
has grown to unexpected length, a statement concern-
ing the results arrived at by innumerable tests of the
different types of arcs and arc lamps under conditions
resembling those of practice, with a view of ascer-
taining their lighting values. These tests have been
embodied in comprehensive reports by Mr. Jesse
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thickness and the specific absorptive power of the
glass. Naturally, since an inclosed arc, consuming
approximately the same energy in watts at the arc as
a ten-ampere open arc, will have a current of only
about seven and one-half amperes, the efficiency would
be expected to be less. ~Measurements show, after a
run of 102 hours, and per each mean spherical candle-
power of a four and three-quarter-ampere, inclosed,
continuous-current arc with clear inner and no outer
globe (one-half-inch carbons), an expenditure of 1.94
watts at the arc. If the energy expended in the lamp
branch be taken as the true expenditure, that lost in
resistance is added to that of the arc, and the watts
per candle increased accordingly. A similar loss is,
of course, experienced with naked or open arcs on
constant potentials, owing to resistance being used in
series. The result given above, or 1.94 watts per
candle, is at the end of a long run of 102 hours, but
with a clear inner globe. Inclosed arc lamps with
clear inner and clear outer globes are not satisfactory,
and, in fact, for good results of uniformity and diffu-
sion, a slightly opal inner globe is needed. Those
now known as ‘alabaster” are well suited to the pur-
pose. When these are used, the watts at the arc per
mean spherical candle-power will, at the first part of a
run, range about two watts, increasing seriously only
towards the very end of the run. While it may seem
that the watts per candle are higher than might be
cxpected, yet it must be borne in mind that, in all
inclosed arcs, the current is relatively small and the
potential high for a given expenditure of energy, and
this acts in a double way to lower the efficiency, as
not only the crater emitting light is smaller, but a
large part of the energy goes to sustain the arc flame,
which is long, while, also, the absorption of light by
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useful is but little different from the mean spherical
candle-power.

The apparent advantage in economy of the contin-
uous-current inclosed arc over that with alternating
currents is in large measure neutralized by the fact of
the former requiring a dead resistance in circuit to
give stability to the current, while the latter can be
run without it, or, at most, with a reactive coil which
wastes but little energy.

Still it must be confessed at the end that the
luminous yield is but little better than that obtained
in incandescent lighting. After all, it may be that
the whiteness of the light and the daylight effect
obtained may be a sufficient reason for the large intro-
duction of inclosed arcs, now that the frequent trim-
ming and attention to the lamp is not needed.
Indeed, it may also appear that all the varieties of
arc lighting which have grown into importance within
the past few years have their own fields of usefulness,
and that, therefore, the work spent in developing
them has not been labor in vain.

It should be said, in conclusion, that the figures
given above and expressing the watts per mean spher-
ical candle, while strictly comparative so far as a study
of arc ligits alone is concerned, might vary somewhat
if the object had been to compare arc and incandes-
cent lights, owing to the difference in color of light,
though the variation would not in any case be great.

A MeMBER: I move that the paper be accepted,
and that the association return a vote of thanks to
Professor Thomson for his able paper.

Carried.

THE PRrESIDENT: Professor Thomson, I wish to
convey to you the thanks of the association for your
very able and instructive paper.
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MR. InsuLL: I move that the thanks of the asso-
ciation be tendered Mr. Martin for the presentation
of his paper, and that any discussion be postponed
until after the papers are read to-morrow morning. [
say ‘‘after,” because I know that Mr. Martin has an
engagement in the morning, and he may be able to
get here by eleven o'clock.

The president put the question and it was deter-
mined in the affirmative.

THe PresipENT: Mr. Martin, you are tendered
the thanks of the association.

On motion of Mr. Ayer, duly seconded, an adjourn-
ment was taken until 10.30 a. m.



NIAGARA POWER
Special Evening  Session

LECTURE BY L. B. STILLWELL, E. E.

Sixty-eight years ago, M. Guizot, Professor of
History in the Faculty of Literature, at Paris, deliv-
ered a remarkable course of lectures upon the general
history of the civilization of modern Europe. In the
introduction to these lectures he divided the facts and
forces that operate to advance civilization into two
classes : first, those that help to shape the history of
a nation by influencing society as a whole—*its insti-
tutions, its commerce, its industries, its wars, the various
details of its government,” and, second, *certain facts
which, properly speaking, cannot be called social—
individual facts, which rather concern the human intel-
lect than public life ; such are religious doctrines, phil-
osophical opinions, literature, the sciences and arts.”
“These latter forces,” he says, ‘“seem to offer them-
selves to individual man for his improvement, instruc-
tion or amusement, and to be directed rather to his
intellectual melioration and pleasure than to his social
condition.” * Yet, still,” he continues, ‘*how often do
these facts come before us; how often are we com-
pelled to consider them as influencing civilization. In
all times, in all countries, it has been the boast of
religion that it has civilized the people among whom
it has dwelt.  Literature, the arts and sciences have
put in their claim for a share of this glory, and man:
kind has been ready to laud and honor them whenever
it has felt that this praise was fairly their due.”
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I invite your attention to this quotation, not
because the facts and forces referred to were, at the
time sketched, in anything but their true relative pro-
portions, not because Guizot’s perspective was incorrect
for the year 1829, but because the perspective of his
picture was at that time true, and because since that
time one of the forces to which he refers—then in
the background—has grown into the very foreground
of every true picture of the forces contributing to
modern civilization that can be painted to-day. A few
years after these lectures were delivered, the first
steam locomotives in England and America were put
into operation. In 1831, Michael Faraday observed
that a copper disc revolved in the field of a magnet
was traversed by an electric current, and now, within
the short span of a scriptural lifetime—three score
years and ten—engineering science, by steam and
clectricity utilizing natural forces practically unobserved
throughout all the long centuries preceding, has affected
a greater change in man’s social condition, and has,
perhaps, done more to promote civilization than any
other civilizing force. In a history of civilization,
what a place must now be given to the art of steam
engineering ; the applied science of thermo-dynamics ;
not as ‘“rather concerning the human intellect than
public life;” not as ‘ offered to individual man for
his improvement, instruction, or amusement;” not as
‘“directed rather to his intellectual melioration and
pleasure than to his social condition;” but, on the
contrary, as profoundly affecting social conditions by
cheapening the necessities and comforts of life, by
reducing the hours of labor and by imparting an
almost incalculable stimulus to intellectual activity in
every direction. And what a place must now be
accorded to applied electric science; covering the
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say ‘that the power of Niagara exceeds the physical
power that the whole human race is capable of
continuously exerting.

Niagara is a great solar engine. You all under-
stand the cycle. Water raised by the sun from sea
and lake and river is precipitated to the earth by
changes of temperature, finds its way into the Great
Lakes, and thence, by the Niagara River, to the rapids
above the falls, more than 200 feet above the level of
the water in the gorge immediately below the cataract.
To raise a pound of water from the river below the
gorge to the head of the rapids, a force of one pound
must be exerted through a distance of, say, 200 feet.
Therefore, every pound of water at the upper end of
the rapids represents 200 foot-pounds of energy, which
are given up in falling to the lower level. The rate
of flow exceeds 7.000 tons of water per second, and
the total horse power is estimated (by the United States
census of 1880) to exceed 5,800,000 horse power. That
is an enormous amount of power. Let us see how
much coal we should have to burn to develop as
much. A committee of the National Electric Light
Association several years ago made a systematic effort
to ascertain the economy in the consumption of coal
obtained in electric light stations throughout the United
States. The final report of this committee is not
before me, but the preliminary report submitted at
the convention in St. Louis, March 1st, 1893,
showed that the average consumption of coal in these
stations per horse power hour, measured, as I under-
stand, by electrical measuring instruments on the
switchboard, slightly exceeded six pounds. At this
rate, it would be necessary to burn more than 130,-
000,000 tons of coal per annum to develop power
equal to that of the Niagara River from the upper
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should, so far as possible, utilize our water powers in
the mechanic arts, burning coal only for our pro-
tection from cold, for the preparation of food, for
necessary metallurgical purposes, etc. If this be
impracticable, we should at least see to it that our
utilization of the energy of coal does not involve
undue waste.

Of course, not all of the power of Niagara can
be utilized. Aside from @sthetic considerations, which
will, perhaps, for all time prevent the utilization of a
sufficient amount to impair the beauty of the falls,
and considering the subject simply as an engineering
problem, large deductions from the figures above
named must be made, to cover the difference between
the total and the effective head, this difference repre-
senting the fall in canals and tunnels conveying water
to and from the wheels. 1 suppose that it would be
possible to deliver about 4,000,000 horse power to the
turbines, and of this amount the turbines would
deliver about 3,200,000 horse power at their shafts.

At this point—the shaft of the turbine—engineer-
ing science for a long time halted. ~Water wheels
appear to have been used at least 2,000, and probably
4,000, years ago, though not extensively. Every
water wheel necessarily had a shaft upon which it
was supported and about which the blades revolved.
The problem was, how might the power be conveyed
from the shaft to a point where it could conveniently
be made to do work. Naturally enough, men first
used for this purpose something that they could see
and handle and readily comprehend. They used
wooden shafts, then ropes and belts. Then someone
thought of using a liquid, and the science of
hvdraulics began.  Still later, somebody suggested
using a gas—compressed air—and pneumatic trans-
mission attempted to solve the problem.
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most prominent engineers and manufacturing firms of
Europe and America were invited to enter, and
offering prizes for the best solution of the problem.
The question was in no sense begged at the outstart.
The company did not select electricity because it was
the newest agent for transmitting power, nor.because
the general public was (as it still is) disposed to
assume that electricity is necessarily the agent best
adapted to the solution of every engineering problem.
They arrived at their decision to use electricity only
after several years of investigation, in which, practi-
cally without regard to cost, they endeavored to secure
the best of engineering talent, and in which they
allowed no prejudice and no difficulty to narrow or
limit their cosmopolitan search for the best solution.
Let us consider very briefly some of the limit-
ations to which our various methods of transmitting
power are subject. For obvious reasons, transmission
by shafts, ropes and belts is effective and efficient
only over comparatively moderate distances. A shaft,
for instance, even a hollow shaft, if strong, is neces-
sarily heavy. It must be supported and carefully
aligned. To effect a change in the direction of trans-
mission, special devices, such as gears and pulleys,
must be used. All this means loss of efficiency at
every step, and the economical limit is soon reached.
In the case of transmission by ropes or cables, also,
loss of efficiency results from the necessity of support-
ing the weight, and sharp turns are difficult to make
and imply heavy losses. Subdivision by shafts or
cables can be mechanically effected only by the inter-
position of pulleys, gears and similar devices, all of
which consume energy, and therefore imply waste.
Hydraulic transmission is also limited to compara-
tively short distances. Under certain conditions, and
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The limitations of pneumatic transmission have
not been accurately determined, and it is probably
possible to obtain better results by this means than
have as yet been realized in practice. Air com-
pressors, however, have been made for many years,
and as compared with electric generators are much
less efficient. To compress a gas, means necessarily
to develop heat, and this, so far as our purpose of
transmitting power is concerned, involves loss; and
while it seems probable that by using very high
pressures in pipes of comparatively small diameter, the
cost of a system transmitting by compressed air may
be much reduced as compared with present practice,
there are serious difficulties to overcome, and up to
the present time no satisfactory method of surmount-
ing these difficulties has been demonstrated.

The fourth solution of the problem of transmission
is by electricity ; that is, by ether under unbalanced
pressure. Note, if you please, the interesting sequence
of the several solutions of this problem of transmit-
ting power: First, a solid; then, a liquid; then,
a gas; and, finally, something (if T may use
the expression) more volatile, more subtle, even
than a gas; something which, in itself, we can
neither touch, taste, smell, hear, nor see; something
which we know only by its effects; something so
elusive that for centuries the world did not know
that it existed. Is it not significant of the progress
of engineering science that it should thus have
advanced from those agents directly perceptible to our
senses to one which our physical senses cannot per-
ceive—from the material to the immaterial ?

And now, what is ether? What is electricity ?
And how is power transmitted by electricity ? These
are questions that the science of the present day can-
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motor, or other translating device. Professor Lodge
advises us to conceive of an electric conductor as a hole
through the ether. The static balance of the ether
being relieved or unbalanced along the surface of the
conductor, and the strains to which our world of
ether is subject (somewhat as water at the bottom
of the sea is under pressure) being unbalanced along
the line of the circuit, the ether transmits along
the surface of the conductor the strain or pressure
imparted to it by the dynamo. We need not
pause to consider whether the strain is transmitted by
the ether within the copper conductor or along its
surface, but we may imagine that following the path
of the conductor from the dynamo to the motor and
back again from the motor to the dynamo, a loop or
chain of ether transmits a stress or strain from the
dynamo to the motor, somewhat as a belt conveys
power from a driving to a driven pulley.

[n the telegraph, and more recently in the tele-
phone, we have become familiar with some of the
characteristics of electric transmission; notably, the
fact that it is practically instantaneous in its action.
We press a key in America, and the mind of an
operator in England almost instantly has our thought.
The mechanical movement of the transmitting instru-
ment here causes a mechanical movement of part of
the recording instrument there. It is as if they were
connected by a rigid bar less compressible than steel,
yet weighing nothing.

We are less familiar with the fact that electricity
is strong, but observation of thousands of street rail-
way cars driven at high $peeds and up heavy grades,
and of motors operating heavy machinery in mills
and factories, is teaching us this also. As a matter
of fact, the power transmitted through a copper con-
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ductor of given section, at the potential now being
employed by the Niagara Falls Power Company in
transmitting power to Buffalo (between 10,000 and
11,000 volts), is sufficient to break many steel cables
of equal section moving ten miles per hour and
attempting to transmit equal power. At 10,000 volts,
a single-phase circuit consisting of a copper conductor
one inch in section and carrying 1,000 amperes trans-
mits more than thirteen thousand horse power.
The strain upon a cable transmitting this amount
of power mechanically and moving ten miles per
hour, would exceed one million pounds—enough
to break eight steel cables one inch in section and
having the high ultimate tensile strength of 125,000
pounds per square inch. In three-phase transmission,
such as is used between Niagara and Buffalo, the
results in this respect are still more remarkable, but
to consider three conductors makes our comparison
with a steel cable less evident.

Power transmitted by electricity is delivered in a
form adapted to a remarkable variety of uses, and, as
compared with power transmitted by any other system,
possesses important advantages. Supplied to a motor,
it performs mechanical work at efficiencies ranging
from sixty to ninety-five per cent, depending upon the
size of the motor. Delivered to an arc lamp, it pro-
duces from 1,500 to 2,000 actual candle power per
horse power. Used to supply incandescent lamps, it
produces light agrecable in quality, possessing substan-
tial advantages over other forms of illumination, and
developing from 200 to 250 candle power per horse
power. Conveyed to the terminals of the electric fur-
nace, it produces, by synthetic process, various mate-
rials new in the arts and of great value, or, traversing
the electrolyte of the chemist, it tears apart the very
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molecules of which matter is composed and segregates
their constituent elements. Unlike shafts, belts and
cables, it can be indefinitely subdivided without mate-
rial loss. It can readily turn corners. It is trans-
mitted vertically with as much ease as horizontally.
Unlike water, it never freezes, and, unlike compressed
air, it can be delivered from the generating machinery
and transmitted many miles at very high efficiency.

And now, how is the Niagara Falls Power Com-
pany proceeding to develop Niagara power under the
grants which it has received from the State of New
York and the Province of Ontario? The plans have
been so often and so fully described that I do not
propose to consider them in detail to-night. In gen-
eral, however, I desire to invite your attention to cer-
tain facts connected with the work, and to certain
features of the plans and the methods of construction
adopted, which demonstrate, I think, that the Niagara
Falls Power Company thoroughly understands the
magnitude and far-reaching consequences of its proj-
ect; that it is carrying out the project with remark-
able skill and courage, and with an evident desire to
build, not only for the present, but for the future,
and that it aims, not only to secure a fair return upon
the capital invested, but to insure to the entire country
within the rapidly receding horizon of practical power
transmission the advantages that should result from
the possession of this wonderful gift of nature.



(5]

‘92

n

ORDER OF BUSINESS

THURsDAY, June 10th, 1897.

FIFTH SESSION, 10.30 A. M.,

Paper—* The Polyphase Motor.” By Ben). F.
LAMME.

SIXTH SESSION, 2.30 P. M,

Paper—* Frequency Transformation.” By Likt-
TENANT F. Jarvis PaTTEN.

Paper—* Rotaries for Transforming Alternating
into Direct Current.” By Cuharres F. ScorT.

Report— Committee on Standard Candle Power
of Incandescent Lamps. Loutis Berr, Chairman.

Topic—" Freight Classification of Electrical :\ppa-
ratus and Goods.”

Executive Session.



FIFTH SESSION

President Nicholls called the meeting to order at
10.30 a. m., and introduced Mr. Benjamin G. Lamme,
of Pittsburg, Pennsylvania, who read his paper on
“The Polyphase Motor.”



THE POLYPHASE MOTOR.

The polyphase motor is usually treated from the
theoretical standpoint, and the results obtained are of
interest mainly to designers and investigators. Such
treatment has been principally of a mathematical
nature, the object being to show how the various
characteristics of the motor may be predetermined.
This is what the designer requires, but it gives very
little information to the practical man, who uses the
motor. In the following treatment of the subject,
the general operation of the motor will be explained
in a non-mathematical way by the use of diagrams
which illustrate its characteristics under different con-
ditions. Only the non-synchronous type of motors
will be considered, and no distinction is made between
two and three-phase motors, for, if properly designed,
they are practically alike in operation.

[t is necessary to understand the characteristics of
the polyphase motor in order to consider properly its
application to the different classes of work to be met
with in practice. These characteristics can be repre-
sented in the most intelligible manner by means of
curves, which represent the relations between the
speed, torque or turning effort, horse power expended
and developed, amperes, etc. The speed-torque curve,
which represents the speed in terms of the torque, is
the most important one, as upon this depends the
adaptability of the motor to the various kinds of
work. The starting conditions also depend upon the
speed-torque characteristics. The other curves that
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are of importance in practice are the current, efficiency
and power factor. As these are dependent, to some
extent, upon the speed-torque curve, that should be
considered first. Before treating of its characteristics,
a short description of the motor itself will be given.

The polyphase motor, like a direct-current motor,
consists primarily of two parts, one stationary and
the other rotating, each of which carries windings.
The inside bore, or face, of the stationary is generally
slotted. and carries windings that resemble those of
an ordinary direct-current armature without the com-
mutator. The rotating part is also slotted on its out-
side face, and there are windings in the slots. Both
cores or bodies are built up of thin iron or steel
plates. The general arrangement is shown in Figure 1.
One of these windings, generally on the stationary
part, receives current from a two or three-phase sup-
ply circuit. The coils of this winding, although dis-
tributed symmetrically over the entire face of the core,
are really connected to form distinct groups which
overlap each other. These windings form the two or
three circuits in the motor. When alternating electro-
motive forces are applied to these circuits, currents
will flow which set up magnetic fields in the motor.
These alternating fields in turn generate electromotive
forces in the windings. Part of the current flowing
in the windings represents energy expended usefully,
or in heating, and part serves merely as magnetizing
current. The latter, like the magnetizing current of
a direct-current machine, is dependent upon the
dimensions of the magnetic circuit and upon the mag-
netic density in the various parts. Even when run-
ning with no load the magnetizing current is required.

The second part of the motor, generally the rotat-
ing, receives no current from the supply circuit.
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The magnetic fields set up by the first set of wind-
ings pass through the second windings, and, under
certain conditions, generate electromotive forces in
them. If the second windings are arranged to form
closed circuits, currents will flow in them. These

currents are entirely separate from those of the sup-
ply circuits.

When running, the motor has a maximum speed
that is approximately equal to the alternations of the
supply circuit divided by the number of motor poles.
This is the no-load speed. As the motor is loaded,
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the speed falls off almost in proportion to the load.
The drop in speed is sometimes called the ‘*slip.”
This is usually expressed as a per cent of the maxi-
mum speed. If, for instance, a motor has a maximum
speed of 1,000 revolutions and drops fifty revolutions
below this at full load, it then has a slip of five per
cent.

With this type of motor, a drop in speed is neces-
sary for developing torque. A fairly simple illustration
of this action may be obtained by considering the
operation of an alternating-current generator under
certain conditions. We will take a type of alternator
having ‘a stationary armature and a rotatable field
magnet, which can be driven at various speeds. Leads
are carried out from the armature to adjustable resist-
ances. To avoid complexity, the armature circuits
and the resistances are considered as non-inductive.
The field coils are excited by direct current. Figure
2 shows this arrangement. When the field is rotated
at a certain speed, with the field coils charged, there
is an alternating electromotive force set up in the
armature winding. When the armature circuit is closed
through a resistance, a current will flow and the
armature develops power. The power developed by
the armature is slightly less than the power expended
on the field shaft, which is proportioned to the
product of the speed and the turning or driving effort
on the shaft. Consequently, at a given speed, a driving
effort is required at the field shaft, corresponding to
the power developed by the armature. If the armature
current is increased or decreased, the power developed
is increased or decreased also, and the driving effort
will vary in proportion. Let the field be rotated at
one-half the above speed. The armature electromotive
force becomes one-half what it was before. Reducing
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armature current must fall, the power developed will
be diminished and the driving effort must also fall in
proportion. An increase in speed will increase the
armature current, and thus increase the driving effort
required.

If but one armature circuit is closed, the power
developed will pulsate as the armature current varies,
from zero to a maximum value, and the driving effort
will also vary. But if the armature has two or more
circuits having different phase relations, it may develop
power continuously and the driving effort will then be
continuous.

The armature has been considered as stationary
and developing power while a certain driving effort
was applied to the field. According to the well-known
law that any force is met by'an opposing force. the
armature must have a certain resisting effort. The
armature really tends te rotate with the field, and the
resisting effort is exerted to prevent this.

Assume the armature to be arranged for rotation,
but locked, in the above operations. Release the
armature, attach a brake, and adjust for a torque
equal to the resisting effort of the armature. The
armature just remains stationary. Speed up the field,
and the armature will speed up also, keeping a certain
number of revolutions behind the field. This difference
in speed is that required for generating the electro-
motive force necessary for sending the current through
the armature. The alternations in the armature will
remain constant for a given armature current, inde-
pendent of the speed at which the armature is running.
If the brake be tightened, the armature must drive
more current through its windings to develop the
required effort, the armature alternations must increase,
and the armature will lag behind its field more than
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before or the slip is increased. If the brake be
loosened, the armature will run nearer the speed of the
ficld. If the field be driven at a constant speed and
the brake be released, the armature will run at practi-
cally the same speed as the field. If the winding
consists of but one closed circuit, the torque developed
by the arinatures varies periodically, and that developed
by the brake will vary also, but to a less extent, as
it is steadied by the inertia of the rotating armature.
But with two or more circuits having different phase
relations, arranged for constant power developed in
the armature windings, the torque developed is also
constant at all times. Consequently, for constant
torque at the brake, there should be two or more
phases in the armature windings.

This cxplanation of the development of torque
in the short-circuited armature is merely an attempt
to illustrate certain of the actions in the polyphase-
motor armature by a comparison with the operations
of other apparatus that is, in gencral, much better
understood.  We cannot infer, from the above illus-
tration, that an alternating-current generator would
run as a motor under the assumed condjtions, for, in
the above operations, mechanical power is supplied to
the field shaft, and mechanical power is delivered by
the rotating armature to the brake. There is no true
electro-motor action; that is, there is no transforma-
tion of electrical power supplied to mechanical power
developed.

The action of the short-circuited armature of the
above generator and that of the polyphase motor are
very similar in regard to drop in speed for developing
torque. But, instead of the mechanically rotated field
magnet, there is a stationary core provided with two
or more windings which carry currents having differ-
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ent phase relation. These windings are placed pro-
. gressively around the core, either overlapping or on
separate poles. When currents flow in the windings,
resultant magnetic poles on fields are formed, which
are progressively shifting around the axis of the motor.
The closed or short-circuited armature, rotating in this
field, develops torque by dropping in speed, in the
same way that it developed torque with mechanically
rotated field magnets. But electrical power, instead of
mechanical, is now supplied to produce the shifting or
rotating field, and the conversion from electrical power
supplied to the field windings to mechanical power
developed by the armature shaft is a transformer
action which does not appear in the above illustration.
Figure 3 shows diagrammatically the progressively shift-
ing field, with two overlapping windings arranged for
two-phase currents. Coils 1-1, etc.,, form one circuit,
while coils 2-2, etc.,, form the other.

Starting with current in s at its maximum value,
its magnetizing force must be at its maximum. The
current and magnetizing force of circuit 2 are
at zero value. Four poles or magnetic fields,
alternating N-S-N-S around the core, are formed
directly over coils 7. As the current in s begins to
decrease, that in 2 rises. We then have the combined
magnetizing forces of the two overlapping windings.
These two magnetizing forces act together at some
points, and oppose at others. The resultant magnetic
field shifts to one side of the former position. As the
current in 7 gradually falls to zero and 2 rises to its
maximum value, the magnetic field shifts around until
it is directly over coils 2. If the current in 7 should
next increase in the same direction as before, while 2
diminished, the magnetic poles would shift back again
to their former position. But the current in 7, after
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CIRCUIT 7 AT MANIMUM CURRFNT. CIRCUIT 7 WITH DECREASING CURKRENT.
CIRCUIT 2 AT ZERO CURRENT. CIRCUIT 2 WITH INCREASING CURRENT

Cixcuir 7 AT ZERO CURRENT. Circurt 7 INCRFASING IN REVERSE
CircriT 2 AT MAXIMUM CURRENT. DirECTION.
CircuIT 2 DECREANNG,

CIRCUIT 72 AT MAXIMUM IN REVERSE  CIRCUIT 7 DECREASING,
DiRECTION, CIRCUIT 2 INCREASING IN REVERSF
Cikcuir 2 At ZERO, DirRECTION, .

Fii. 3.
21
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reaching zero value, rises in the opposite direction,
while 2 falls.  This shifts the resultant poles forward
instead of backward, and they gradually shift ahead
until they are again directly over coils 7. But the &
poles have shifted around until they occupy the former
position of the S poles. Thus, with the current in s
passing from a maximum in one direction to a maxi-
mum in the opposite, the poles have shifted forward
the width of one polar space. Current 2 next rises in
a reversed direction, and the poles shift forward until
they are over coils 2, with the maximum current in 2.

In the diagrams, Nos. 1, 2, 3, etc.,, show the posi-
tions of the shifting field under certain conditions of
current in the two circuits. In No. 2, the position
shown is an arbitrary one, for it depends upon the
relative values of the currents in the two circuits.
With the two currents equal, the position would be
half-way between Nos. 1 and 2.

These diagrams show that the magnetic field due
to the two-phase currents in properly arranged wind-
ings shifts progressively around the axis, just as if
the field were rotated mechanically.

The stationary core, in the above description, is in
practice, placed outside the revolving armature instead
of inside, but this in no wise affects the conditions of
operations as explained above.

In polyphase motors, the part that resembles the
field in the above description, and which receives the
current from the line, is usually called the primary, on
account of its electrical resemblance to the primary of
a transformer. The equivalent of the armature in the
preceding description is called the secondary. If the
altcrations of the supply circuit are constant, the
reversals of the current in the field or primary will
occur at a uniform rate, and the magnetic field will
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shift around its centre at a definite speed, depending
upon the rate of alternation of the supply circuit and
the number of poles in each circuit of the motor. If
the armature or secondary rotates at the same speed
as the field shifts, there will be no reversals or alter-
nations in its magnetism, and there will be no cur-
rents and, consequently, no torque. If a load is
thrown on, the speed will drop, and the resultant
alternations in the secondary will generate electro-
motive forces which will drive currents through the
windings, and thus develop torque. The speed will

Speed
%

Yo rgne
Fi6. 4.

fall, and the secondary electromotive forces will
increase until a torque is developed sufficient for the
load carried. Increasing the load on the motor, the
speed should fall and the torque increase until zero
speed is reached. The speed-torque curve would then
be of the form shown in Figure 4, curve a. But the
shape of this curve is modified to a great extent in
actual motors by certain cffects which cannot be
entirely eliminated.

In the case of the revolving field, the magnetiza-
tion was supposed to remain constant under different
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conditions. But in the motor primary, the magnetism
of the primary is not constant under all conditions,
and it does not all pass through the secondary cir-
cuits. The primary windings necessarily have some
resistance, and a certain electromotive force is required
to drive the primary current through the windings.
With a constant applied electromotive force, the pri-
mary counter-electromotive force will diminish as the
drop in primary resistance increases, and the magnetic
field required will diminish also. To develop the
required secondary electromotive force for driving the
secondary current through the windings, the speed
must drop more than shown by curve @ in Figure 4.
This gives a speed-torque curve as shown by curve &
in Figure 4. Instead of being a straight line, it is
somewhat curved.

But there is a still more important effect in the
motor. The primary and secondary currents, and
their consequent magnetizing forces, are opposed to
each other. The result is that part of the primary
magnetism threads across between the primary and
secondary windings without passing into the secondary.
Thus, the eclectromotive force of the secondary is
reduced, or, for a required secondary electromotive
force, the secondary alternations must be increased.
This means a further drop in speed. The secondary
currents also tend to form local magnetic fields
around their own coils.  These local fields are alter-
nating, and set up electromotive forces in the sec-
ondary circuits. In consequence, the electromotive
forces generated by the magnetism from the primary
have to drive currents, not only against the resistance
of the windings, but also against these local electro-
motive forces. This necessitates a further drop in
speed for the required torque. These local electro-
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motive forces depend upon the secondary alternations,
and therefore vary with the drop in speed, and are
greatest at zero speed. This introduces a very com-
plicated condition in the secondary circuits. These
magnetic ficlds, which thread around only the primary
or secondary windings, are called the magnetic leak-
ages, or stray fields, or the magnetic dispersion. If
the magnetic leakage is relatively large, that is,
twenty to twenty-five per cent of the total induction,
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and the secondaryv resistance is low, the speed-torque
curve has the peculiar shape shown in Figure ;5.
This curve shows the torque increasing as the speed
falls, until a certain maximum is reached. Beyond
this point the torque diminishes with further drop in
speed. If the motor is loaded to the maximum
torque, a slight increase in load causes a further drop
in speed, the torque diminishes and the motor stops.
As a consequence, the normal rating of the motor
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must be considerably below the pulling-out point.
The margin necessary depends upon the nature of
the load to be carried.

The starting torque, speed regulation, etc., of the
polyphase motor depend upon the form of the
speed-torque curves. The different methods of vary-
ing the form of these curves will be considered next.

As the secondary electromotive force 1is that
necessary to drive the secondary currents through the
windings, it follows that ‘the electromotive force
required must depend upon the resistance of these wind-
ings. A larger resistance means a larger electromotive
force for the required current, and, therefore, a greater
number of secondary alternations, or a greater drop in
speed. The torque being held constant, any variation
of the secondary resistance requires a proportionate
variation in the slip. If the slip with a given torque
is ten per cent, for instance, it will be twenty per
cent with double the secondary resistance, or fifty per
cent with five times the resistance. This is true only
with the primary conditions of constant applied elec-
tromotive force and constant alternations. The sec-
ondary resistance may be in the windings themselves;
or may be external to the windings, but part of the
secondary body; or it may be entirely separate from
the machine, and connected to the windings by the
proper leads.

Figure 6 shows the speed-torque curves for a
motor with different resistance in the secondary circuit.
In a there is a secondary resistance, which is small
In 6 the secondary resistance is doubled. The maxi-
mum torque remains the same, but the slip, for any
given torque, is doubled. This starts much better
than @. In ¢, the resistance is again doubled, and
the slip is also doubled. The starting torque is
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“increased, but the slip is rather large at the rated
torque, 7. In &, the slip is again doubled. In this
case the torque is high at start and falls rapidly as
the speed increases. In ¢, the maximum torque is
not yet reached at zero speed. Continuing these
curves below the zero-speed line, that is, running the
motor in the reverse direction, we get the general
form of these different speed-torque curves. They
are all of the same general shape, and all have the
same maximum torque.

So far as torque is concerned, & is the best for
starting. But for running, @ gives the least drop in
speed. Consequently, if a resistance is introduced at
start that will give the speed-torque &, it should be
cut out or short-circuited for the running condition.
This is one method of operation that has been much
used.

In determining the best starting condition, the
current supplied to the primary should be considered
in connection with the speed-torque curves. This cur-
rent may be plotted with the series of speed-torque
curves shown in Figure 6. Referring to this figure,
A represents the primary amperes in terms of torque.
Starting at B at no-load, or zero, torque, it rises at
a nearly uniform rate until maximum torque is
approached ; that is, below this point the current is
nearly proportional to the torque, but beyond this the
current continues to increase, and reaches a maximum
at the torque represented by zero speed. At reversed
speed this current is further increased. This one cur-
rent curve holds true for all the speed-torque curves,
a, b, ¢, d, etc. Comparing the different curves, we
see that « takes most cuirent at start, and gives low
torque ; 4 takes less current than @, and gives more
torque ; ¢ takes less current than 4; & takes less cur-
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rent than ¢, and gives the maximum torque at start;
¢ takes less current than &, and develops less torque ;
but the current and torque are very nearly in pro-
portion over the whole range. From this we see
that a speed-torque curve of the form of & or ¢ is
decidedly better than @ or 4 for starting. But for
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running at less than the maximum, there is no
advantage, so far as current is concerned, in curve 4
over curve a, and the speed regulation of 4 is poor.

Figure 7 represents the conditions of speed, cur-
rent, etc., when a variable secondary resistance is used
at start. The motor starts at / on curve 4, and takes
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a current g&.  The current falls to 4, while the speed
rises to 7z, which is at the normal torque at which
the motor will run under the given conditions. The
speed will remain at this point. Then the resistance
in the secondary is short-circuited, and the load is
shifted to the speed-torque curve a. At the speed ¢
the torque increases to £ on the torque curve. The
current corresponding to this is / As the torque at
£ is greater than at /, the motor speed will increase
until normal torque is reached again at , while the
current falls from / to /4. Consequently, at the
moment of cutting out the secondary resistance, there
has been a very considerable increase in the current.
By arranging the starting resistance in the secondary
for more current at start, somewhat less would be
required upon switching from ¢ to «. But if the
torque required when speeding up is greater than
that at the point where curves a and ¢ cross each
other, the motor will not pull up if curve e is used
for starting. For, switching from ¢ to a, the torque
falls, and the motor will stop. The current on
switching over increases to », and then rises to ¢ as
the motor stops. In this case the resistance that
gives curve ¢ is too great, and a lower starting
resistance is required. By making several steps of
the secondary resistance, so that it may be cut out
gradually, the motor may be made to pass through a
series of speed-torque curves with much smaller vari-
ations of current than shown in the preceding dia-
grams. This method has been used to some extent,
but requires collector rings or a complicated switching
arrangement in conpection with the motor secondary.

Figure 8 shows the conditions for starting and
speeding up, with five speed-torque curves. The motor
starts on curve ¢ at f. The speed rises to g The
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motor is then switched to curve 4, the torque rising
to 4. The speed then rises to 7. In this way the
motor passes successively from & to ¢, é and a, until.
the full speed is reached.

The currents at no time
reach very high values.
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Plotting the current in terms of speed, the use of
a large number of steps is shown to better advantage.
This is shown in Figures 9 and 10. Figure g shows
the same starting conditions as Figure 7, with curves
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d and a. The current starts at 4. and falls-to A.
The resistance, is then short-circuited, and the current
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rises to C and then falls to D, which is the same as
B. If A had been higher at start, C would bave
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been lowered slightly. But, as the time required for
passing from .4 to £ is generally greater than that
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from C to D, C may be higher than 4. If the
motor is not required to develop such a large torque
when pulling up, then C will be lowered, while .4
is unchanged.

In Figure 10, the currents in terms of speed are
shown for five steps with the five speed-torque curves
of Figure 8. The starting current 4 is low, and
none of the currents, when switching from one curve
to another, are large. The dotted lines show the
corresponding currents for two steps, as in Figure g.

For variable speed work, such as cranes, clevators,
cte., the series of curves in Figure 6 show one method
of regulating the spced. By varying the secondary
resistance over a wide range, anv speed from zero to
maximum may be obtained with any torque up to
the maximum. This requires the use of collector rings
and adjustable rheostats. The variations in speed arc
obtained by wasting energy in resistance. For a given
torque, the same power is expended on the motor
whether the speed is zero or the maximum. To obtain
a certain torque at start requires as much power as
when running at full speed.

An analysis of the motor shows another way in
which the speed-torque curves may be varied.  In
Figure 6. all the curves show a certain maximum
torque, which is the same in all cases; but this is
with the condition of constant primary clectromotive
force. By varving the celectromotive force applied to
the primary, we may obtain a quite different series of
curves.  Taking, for cxample, a speed-torque curve
of the form a in Figure 11, and applying a higher
clectromotive force to the primary, a curve is obtained
of the same shape as @, but with a much higher point
of maximum torque. Lowering the applied clectro-
motive force, the maximum torque is lowered. The
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torques at any given speed are raised or lowered in
the same proportion as the maxima are varied. At
any given speed, the torques are proportional to the
square of the electromotive forces applied. This
relation holds good for any form of the torque curve,
whether of the shape @, 4 or ¢, shown in Figure 6.
The current curves are also shown in Figure 11
They all have the same general shape, but have
different maximum values, these being proportional
to the electromotive forces applied. The speed-torque
curve @ in Figure 11 has the same shape as 4 in

8peed

Figure 6, which gave too great a drop in speed. In
Figure 11, curve 4, which is the same form as a, gives
less speed drop for the same torque. Curve ¢ gives
less than 4, and has fairly good speed regulation from
no load up to normal torque 7 But this result is
obtained at the expense of increased induction in the
iron, and large no-load or magnetizing current, due to
the higher electromotive force required. If it is pos-
sible to obtain a speed-torque curve like ¢ in Figure
11, with the normal electromotive force applied, we
can obtain good speed regulation from no load up to
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the rated torque, and shall be able to start the motor
with the maximum torque it can develop. Then by
lowering the applied electromotive force, the same
form of speed-torque curve will be retained, but the
starting torque and starting current may be lowered
to any extent desired.

Returning to Figure 5, it was stated that the
peculiar shape of this curve, with the torque falling
rapidly after reaching a maximum value, was due
mainly to magnetic leakage between the primary and
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sccondary windings.  But if the motor is so pro-
portioned that the leakage is very small compared
with the useful field, the speed-torque curve takes a
quite different shape. The maximum torque is
increased directly as the magnetic leakage is dimin-
ished. This is shown in Figurc 12. lere a is sim-
ilar in shape to curve « in Figure 6; é represents the
speed-torque curve with the magnetic leakage reduced
one-half ; ¢ represents it with about one-half the leak-
age of 4, and 4 with one-half that of c.
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In comparing Figures 6 and 12, it may be noted
that 2 in one is the same form as g in the other,
although drawn to a different scale. In Figure 12, 4
has the same shape as in Figure 6, but has a different
maximum value. The same is true of curves ¢ and 4
in the two figures. By lowering the applied electro-
motive forces for curves @, ¢ and 4 of Figure 12, so
that the maximum torques are equal to that of a, as
shown by the dotted curves, we get practically the
same curves as in Figure 6.

In Figure 12, & gives as good running conditions
as curve a in Figure 6, having about the same drop

Speed
Currenlt”

in speed at the normal torque 7. We have, then, in
d a curve which starts at the point of maximum
torque, and which also has a small drop in speed at
the normal load. The objection to this curve is that
the starting current and starting torque, although in
the proper proportion to cach other, are both much
greater than is necessary or desirable.  But by reduc-
ing the applied clectromotive force at start, lower
torques and currents are obtainable. In this way, we
may combine good starting and good running con-
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ditions in one motor without the use of starting
resistances, and with a secondary that has no resist-
ance except that of its own windings. Figure 13
shows the speed-torque and current curves of such a
motor, with the applied clectromotive force varied
over a considerable range.

If but one clectromotive force is desired for start-
ing and speeding up, and the motor is then to bhe
transferred to the working electromotive force, the
speed-torque curve should preferably have the shape
shown in Figure 14. This starts with the desired
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torque, but comes up to almost rated speed before
switching over. This is suitable for constant-speed
work. In this figure are shown the starting and run-
ning speed-torque curves, and the currents both in
the motor and the line. The line currents are smaller
than the motor currents in the ratio of reduction of
electromotive force in the regulating transformers.
For cranes, elevators, and variable speed work in
general, curves of the form shown in Figure 15 are
preferable. The line currents are also shown in this
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figure. This series of speed-torque curves shows that
a wide range of speed may be obtained by proper
variations of the applied electromotive force. The line
currents A, B, etc., practically overlap each other.
This means that the line current required with this
method of control, is very nearly constant for any
given torque, independent of the speed. The same is
true of the method of control by varying the sec-
ondary resistance. It may be noted that the current
for starting, as on curve (, for instance, is slightly
greater than required for running at the same torque

Speed
Currens

Torgus
FiG 1s.

on 6 or a. This is due to the speed-torque curve
being somewhat curved at its outer end. With a
somewhat higher resistance of the secondary, the
curves are more nearly straight, but the drop in
speed is somewhat increased on the speed-torque
curve for any given electromotive force. In practice,
a slight compromise is made between the best pos-
sible starting condition and a condition of less speed
drop.

A comparison of the methods of control, by vary-
ing the secondary resistance and by varying the
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applied electromotive force, shows that they give
practically the samec results in regard to starting,
speed regulation, etc. But a motor that has been
designed for regulation by varying its secondary
resistance, will generally give very poor results when
an attempt is made to operate it by the variable
electromotive force method. A motor must be
especially proportioned for small magnetic leakage
when this method of control is to be used. The
proportions and the arrangement of the parts are such
as may class this as a practically distinct type of
motor.
THE EFFICIENCY AND POWER-FACTOR CURVES

We now come to the other characteristics of the
polvphase motor, the most important of these being
the efficiency and the power-factor curves. The
importance of efficiency is generally appreciated, but
the question of power factors appears to be over-
looked in most cases, or clse is not thoroughly under-
stood.

The efficiency of a polyphase motor is the ratio
of the power developed to the true power expended,
as in any other kind of a machine. The power devel-
oped may be obtained from the speed-torque curves.
If the torques are given for one foot radius, and the
specds in revolutions per minute, then the product of
any given torque by the corresponding speed, divided
bv 35,250, will give the power developed in horse
power ; or torque by speed, divided by seven, gives
‘the power developed in watts. This power, plus the
iron, copper and friction losses, gives the true power
expended.

The power factor is the ratio of the true power to
the apparent power expended. This apparent power
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is proportional to the products of the primary cur-
rents by the electromotive forces. If there is magnet-
izing current, and if the motor has magnetic leakage,
the primary currents are not in phase with their elec-
tromotive forces, and their products represent an
apparent power which is greater than the true energy
expended. The current of each circuit can be consid-
ered as made up of two currents, one of which is in
phase with the applied electromotive force, represent-
ing true energy, and the other at right angles to the
electromotive force, representing no energy. This
right-angled component is the one that has an injuri-
ous effect on the regulation of the generator, trans-
mission lines, transformers, etc.

The size of this component, compared with the
useful current, may be shown by a table:

N

Useful go-Degree
Power Factor Total Current Component Component
100 100 100 O.

99 100 99 14.2
98 : 100 98 19.9
95 100 95 31.2
90 100 90 43.6
8o 100 8o 60.0
70 100 70 71.4
60 100 60 80.0
50 100 50 86.6
40 100 40 91.6

Thus, at ninety-per-cent power factor, for instance,
the current that is lagging ninety degrees behind the
electromotive force is equal to 43.6 per cent of the
total current flowing. This lagging current reacts on
the generator, affecting the regulation. In an alter-
nating current generator, a ninety-degree lagging cur-
rent in the armature coils directly opposes the field
magnetization. When delivering a current at ninety-
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per-cent power factor, there is over forty-three per
cent of this current opposing the field, and at eighty-
per-cent power factor, sixty per cent is opposing the
field. If the armature ampere turns are normally
twenty per cent as great as the field ampere turns,
then a load of eighty-per-cent power factor will give
an opposing magnetization in the armature of about
sixty per cent of the total armature ampere turns. or
about twelve per cent of the total field, and the arma-
ture clectromotive force will be lowered approximately
that per cent morc than with a load of one-hundred-
per-cent power factor.

The inductive effects of the lagging current in the
transmission circuits and transformers are much more
serious than those from a current that is in phase with
the electromotive force. The generator, transformers,
lines and motors also have increased losses, due to
the larger current required when the power factor is
low. An eighty-per-cent power factor in a system
means losses, due to hecating of conductors, more than
fiftv per cent greater than with one hundred per cent.
These figures indicate the importance of good power
factors in an alternating-current system.

The lagging or ninety-degree component of the
current in a motor depends upon the amount of the
no-load or magnetizing current, and upon the magnetic
leakage. Let this lagging component be expressed in
per cent of the total current. Also express the
magnetizing current in per cent of the total current,
and the total magnetic leakage in per cent of the
total primary induction. Then the sum of the per
cents of magnetizing current and magnetic leakage
represents very closcly the per cent of the lagging
component of the primary current. If, for example,
the magnetizing current is thirty per cent and the
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leakage is fourteen per cent, the resulting lagging
component is about forty-four per cent. From the
preceding table, this indicates about ninety-per-cent
power factor. A low leakage and a high magnetizing
current may give the same power factor at full load
as a high leakage and low magnetizing current; but
at half load, the per-cent magnetizing current is
practically doubled, while the per-cent magnetic leak-
age is halved. Here, a low magnetizing current is of
great importance in maintaining a high power factor.
If a high value of this over a wide range is desired,
then both the leakage and magnetizing current must
be low.

The method of control by varying the primary
electromotive force is dependent upon the fact that the
motor has a low magnetic leakage. By using certain
proportions and arrangements of the windings on the
primary and secondary, the magnetizing current may
be made comparatively low. Thus both conditions
for good power factor are obtained.

With the method of control by varying the
secondary resistance, good power factors may be
obtained. But the form of secondary winding required
when variable resistances are used, tends to reduce
both the power factor and the maximum torque.

An elaborate series of tests was made, to determine
the best type of winding for the secondary of a poly-
phase motor. First, two circuits were arranged to
give secondary phases ninety degrees apart. The
starting, running and maximum-load conditions were
determined. Then a three-phase secondary winding
was used. This gave a higher pulling-out torque and
better power factor than the two-phase. Four phases
were tried, and were better than three; and six were
better than four. Then twelve phases were tried,
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with 2 gain in maximum torque over six. but not
much gain in efficiency. The power factor was some-
what improved. Then the winding was completely
short-circuited on iself. all coils being comnected to a
common ring. This gave a further increase in maxi-
mum torque and power factor over the preceding
arrangement. but there was veryv little gain in efficiency.
The same primarv was u<ed in all these testss  Each
time the number of secondarv circuits was increased.
the power factor was somewhat improved. This was
due to the fact that the secuondarv currents were able
to so distribute themselves that the local electromotive
forces in the coils, due to leakage. were diminished ;
or. the magnetic leakage mav be considered to have
been diminished. This would necessanly give higher
pulling-out torques and higher power factors.

Very complete tests were also made to determine
the best form of primarv winding. and a certain
methcd of distribution of the coils was found to
diminish the primary magnetic leakage verv consider-
ably.  This somewhat increased the maximum torque
and the power factor.  Utilizing the arrangements of
the primary and the secondary windings just descnibed.
and otherwise proportioning for small magnetic leak-
age, a motor may he obtained that has a compara-
tivelv low total induction. and vet has a magnetic
leakage of but a few per cent. The low induction
allows a small magnetizing current and comparatively
low iron losses. The low leakage gives a high pulling-
out torque, and thus allows good speed regulation,
and also good starting conditions, by varving the
applied electromotive force.
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THE TYPE C POLYPHASE MOTOR

Motors that are adapted for operation under the
conditions of variable applied electromotive forces,
with constant secondary resistance, must have the
special forms of speed-torque curves shown in Figures
12 to 15, and they may therefore be considered as
forming a distinct type. This has received the name
Zype C. This type of motor is always characterized
by low magnetic leakage and consequent high pulling-
out torque. The secondary has no adjustable resist-
ance, and all regulation is obtained by varying the
adjustable electromotive force. The secondary is made
the rotating part, on account of the tvpe of winding
used, which consists of copper bars placed in tunnels
or slots in the core, and bolted to two end rings.
There are no bands, and the question of insulation is
of very little importance, for the maximum secondary
electromotive force does not exceed three volts in a
soo-horse-power motor, and is less with smaller sizes.
This type of motor possesses several distinct advan-
tages over other forms of polyphase motors. The
method of control, by varying the electromotive forces
applied to the motor, leads to two very important
advantages, one of which is mechanical and the other
electrical. With this method of control there are no
regulating appliances on the motor, and, in conse-
quence, it may be of the simplest possible form. The
electrical advantage is that the motor may be started
and controlled from a distance. Thus it may be placed
entirely out of reach of the operator. On traveling
cranes, for example, this is of especial advantage, for
in this case the primary wires only need be run from
the operator's cage to the motor. If there are several
motors on the crane, there may be one wire common



329

to all the motors, and but two additional wires per
motor are required. Thus, for three motors, a mini-
mum of seven trolley wires may be used.

If the variable electromotive forces are obtained
from transformers, the switches for operating several
motors may be wired to one set of transformers, and
the motors may be started and regulated independ-
ently. For traveling cranes, one set of transformers
is used for the hoisting, bridge and traveling motors,
and this set may supply currents at different electro-
motive forces to all the motors at the same time. A
further advantage possessed by this motor lies in the
high pulling-out torque. If a heavy overload, or a
load having great incrtia, is suddenly thrown on a
motor that has a speed-torque curve like @ in Figure
6, the point of maximum torque may be passed for
an instant, and the motor will be stopped unless the
load is quickly removed. A Type C motor in this
case would have its speed pulled down for a moment.
but this reduction in speed gives an increased torque,
thus enabling the motor to carry the overload.

If the electromotive force of the system is sud-
denly lowered, the pulling-out torque of the motors is
lowered very matcrially. A reduction of twenty per
cent in the clectromotive force will lower the pulling-
out torque to about two-thirds of its former value.
This may be sufficient to stop the motor, even with
a temporary drop in the electromotive force, such as
would be caused by a momentary short circuit on
the lines. But a motor that has a pulling-out point
several times as large as its normal running torque, is
verv rarely in danger of being shut down from this
cause. This type of motor has a starting torque from
two to four times as large as the full-load running
torque, and it is able to start any kind of load. But
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in practice the starting torque is adjusted to the load
to be started, by applying a suitable electromotive
force, as will be explained below.

A last, but not least, advantage of the Type C is
its adaptability for large-size motors. The larger the
motor of this type, the lower in proportion can be
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its magnetic leakage and its magnetizing current. In
consequence, the power factors are very high. The
efficiencies are also very good over a wide range of
load. The curves for a seventy-five-horse-power, six-
pole, 3,000-alternation motor are given; also the
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(3). Motors in tandem, or series-parallel.

(4). Secondary run as single-phase.

(5). Varying the resistance of the secondary.

(6). Varying the electromotive force of the
primary, with constant secondary resistance.

Some of these methods are efficient, while some
are very inefficient if the speed is to be varied over a
wide range.

The first method, varying the number of poles, is
efficient to a certain extent, but is limited in the
number of combinations of poles obtainable. But if
combined with some of the other methods, it may be
made fairly effective over a wide range. It consists
in varying the arrangement of the primary coils in
such a way that the number of resulting poles is
varied. This may be accomplished by having two or
more separate windings on the primary; or one
winding may be used, it being rearranged for different
speed. With this method of varying the speed, the
secondary of the ‘cage” type is the only practical
one. With a “grouped” or ‘“polar” winding on the
secondary, this would need rearranging for the different
speeds, just as in the case of the primary. But the
cage winding, being short-circuited on itself at all
points, is adapted to any number of poles. In general,
this method of regulation will allow of only two speeds
without great complications, and the ratio of the two
speeds is preferably two to one, although three to
one may be obtained. The simplest arrangement of
winding consists of two separate primary windings;
one for one number of poles, and the second for the
other. In combination with a variable primary electro-
motive force, the speed-torque curves being of such
shape that this method may be used, the variable-pole
method of regulation may be madée fairly efficient over
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a wide range of speed. But the two windings con-
siderably increase the size of the motor, while the
onc-winding arrangements are rather complicated.
Consequently, we may consider that this method of
speed variation will be used only in special cases.
The second method, variable alternations, is theoretic-
ally the ideal method; but it is practically limited
to a few special applications, for we have as yet no
commercial alternation transformer.

In a few cases, where but one motor is operated,
the generator speed may be varied. If the generator
is driven by a water-wheel, its speed may be varied
over a wide range. and the motor speed will also
vary. If the generator field be held at practically
constant strength, then the motor speed may be
varied from zero to a maximum at a constant torque
with a practically constant current. This is a con-
venient method of opcrating a motor at a distance
from the generator. The speed of the motor may
be completely controlled by an attendant at the
generating station.

Figure 16 shows the speed-torque and other curves
of this motor when operated at 7,200, 3,600, 1,800
and 720 alternations per minute, or at one hundred,
fifty, twenty-five and ten per cent of the normal alter-
nations. The speed-torque curves are a, 4, ¢ and 4,
corresponding to the above alternations. The current
curves are .-/, B, C and 0. This figure shows that
for the rated torque 7, the current is practically con-
stant for all speeds, but the electromotive force varies
with the alternations. Consequently, the apparent
power supplied, represented by the product of the
current by electromotive force, varies with the speed
of the motor, and is practically proportionate to the
power developed.
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The third method is to run motors in tandem
parallel. In this arrangement, the secondary of one
motor is wound with a grouped or polar winding to
give approximately the same electromotive force and
number of phases as the primary. This secondary is
connected to the primary of a second motor. The
secondary of the second motor may be closed on
itself, with or without a resistance, or may be con-
nected to the primary of a third motor, etc. The
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arrangement with two motors is shown in Figure 17.
At start, motor Number 1 receives the full number
of alternations on its primary, and its secondary deliv-
ers the same number to the primary of motor Num-
ber 2. Both motors will start. As motor Number 1
speeds up, its secondary alternations fall. At about
one-half speed, its secondary alternations are about one-
half its primary, and motor Number 2 receives one-
half the alternations of motor Number 1; it also



335

tends to run at half speed. Therefore, if both motors
are coupled to the same load, this half speed is a
pusition where the two motors tend to operate
together. By connecting both primaries across the
line, both motors will be run at full speed. Thus,
with two motors, two working speeds may be obtained.
This method always required at least two motors. Its
application is limited to a few special cases.

The fourth method—the secondary run with a single
circuit closed—will give a half speed, and with two or
more circuits closed, will give full speed. But the
power factor at the half speed is very low, and the
efficiency is not nearly so good as when run at full
speed. This may have a few special applications.
Figure 18 shows this arrangement.

The fifth method of regulation is by resistance in
the secondary. This has been considered before when
the speed-torque characteristics were shown. This will
not give constant speed except with constant load, as
the speed-torque curve with a relatively large resist-
ance is a falling curve. At heavy torques, the motor
will run at very low speeds, while with light loads it
will run at almost full speeds. The speed regulation
will be similar to that of a direct-current shunt motor,
with a resistance in circuit with the armature. To
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hold constant speed with variable load, this resistance
requires continual adjustment.

The sixth method—that in which the primary elec-
tromotive force is varied while the secondary resist-
ance is held constant—gives the same results as the
fifth method, as the speed-torque curves are similar.
To hold a constant low speed, the electromotive force
must be varied continually if the load is changing.
Like the fifth method, this is not efficient at low
speeds, as the reduction in speed is obtained by means
of a corresponding loss of energy in the secondary
circuits.
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For crane work, hoisting, etc., where it is neces-
sary to run at reduced speed for but a portion of the
time, either of the methods five or six is satisfactory,
but method five requires the use of a variable second-
ary resistance, and there must be a set of secondary
leads carried out to a.rheostat if the speed changes
are to be gradual. This introduces complication, espe-
cially on a crane where several motors are to be con-
trolled. In this case, there must be trolley wires for
both the primary and the secondary circuits of each
motor. But by method .six the control is effected in
the primary circuit, and only primary trolley wires are
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needed, and these may be controlled from one pair of
transformers, as explained before.  The sixth method
is therefore the simplest and most practical one to use
for hoisting, etc., and will be found to present many
advantages for all classes of work, whether speed reg-
ulation is important or not.

METHODS OF VARYING PRIMARY ELECTROMOTIVE FORCE
FOR TYPE ¢ MOTORS

There are several methods of varving the electro-
motive force applied for starting and varying the
speed on the Type C motors. These may be classi-
fied under three headings:

(1). Varying the clectromotive force from the
generator.

(2). Varving the electromotive force by trans
formers.

(3)- Varving the motor connections.

VARIABLE ELECTROMOTIVE FORCE FROM THE GENERATOR

This may be obtained in several ways. The gen-
crator may be run at low speed, with the field
charged. This gives lower electromotive force and
lower alternations at the same time.  This is adapted
only to places where all the motors are to be started
at once.

The generator may be run at normal speed and
its field charge lowered. This gives the normal
alternations with lower eclectromotive force. This is
practicable only where all the motors are to be started
at once.

A third method is to so arrange the generator
windings that two or more clectromotive forces for

23
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each phase may be obtained. A lower electromotive
force may be used at start, and a higher for running.

The different arrangements of the generator wind-
ings for this purpose are as follows:

If the armature has but one winding closed on
itself, like a direct-current machine, two or three
phases may be taken off. For two phases four leads
are used. Tigure 19 illustrates this. Between 1-3
and 2-4 is the maximum electromotive force, and
between 1-2, 2-3, 3—4 and 4-1 there is 0.7 the elec-
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tromotive force of 1-3.  1-2 is at quarter phase to
4-1 and 2-3, and 3-4 1s at quarter phase to 2-3 and
4='. Therefore, across any two adjacent side circuits,
we have quarter-phase circuits of 0.7 the electromotive
force of the main circuit. A motor may be started
on anv adjacent side circuit and then switched to the
main circuit. This method is well-adapted for local
plants, where the gencrator clectromotive force is 200
or joo volts. If there are many motors to be started,
and the starts are numerous, it is advisable to wire
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the starting switches so that the various motors are
started on different side circuits.

If the generator winding is of the *open coil”
type, a similar arrangement may be obtained for two
phases. The two windings may be connected to the

FiG. 20.
middle point, thus giving side circuits of 0.7 electro-
motive force. This is shown in Figure 20.

Three-phase connections do not allow any very
convenient combinations with the generator winding.
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A fourth wire may be run which will give about
0.58 clectromotive force for starting.

VARIABLE ELECTROMOTIVE FORCE FROM TRANSFORMERS

This method, varying the electromotive force by
means of transformers, admits of many different com-
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binations. Several of the simpler forms will be
given :

(1). The transformers may be so connected that
two or more electromotive forces may be obtained.

For two-phase, the secondaries may be connected
together at the centre, as shown in Figure 21. This
gives two main circuits, and four side circuits of
lower electromotive force. If an extra wire be carried
out from the point 5, then 1-5, 2-5 will form a two-
phase combination for o.5 voltage, while 1-2, 2-3
form a two-phase combination for o.7 voltage, and
1-3 and 2-4 give full voltage.

Another method is to connect the secondaries at

3

one side of the center, as shown in Figure 22. Then
3-5 and 4-5 give one electromotive force; 1--5 and
2—5 give a higher electromotive force, and 1-3 and
2—4 give full electromotive force.

These combinations are useful in certain cases, but
are not as general in their application as the follow-
ing method :

(2).  Auto-transformers with loops brought out for
lower electromotive forces.

In this method, no special combinations of the
lines, lowering transformers or generators are made,
but, in connection with each motor, a small pair of
auto or one-coil transformers is used for starting. If
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speed regulation is also desired, as for cranes, the
auto-transformers are made larger. From these auto-
transformers several loops or connections are brought
out. These are connected to contact plates on dials
for controllers, such as are required for regulating the
speed. This is shown in Figure 23. But for starting
purposes only, when but one loop from each trans-
former is used, a pair of switches are used in connec-
tion with the transformers. With the switches open,
the motor is disconnected. Throwing one direction
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starts the motor and brings it up to almost full speed.
The switches are then thrown over to full electromo-
tive force.

Two small transformers in a case with one four-
jaw, throw-over switch, form what is called an * auto-
starter.” This is readily arranged for either two or
three-phase circuits and motors. This makes the most
Hexible arrangement for starting, as the motor may be
put at any location, and the auto-starter may be put
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in the most convenient position. It also loads all the
line wires equally at start, and each motor and starter
really form a unit separate from all the others. One
pair of transformers may be connected to several sets
of switches, and thus be used for starting several
motors. Where Jmotors are close to reducing trans-
formers, the secondaries of the transformers may have
loops brought out, to which one or more switches are
connected. The primaries of the transformers mav
have loops ccnnected to proper switches, and the num-

Fia, 24.

ber of primary turns in the circuit may be varied
instead of the secondary. This is applicable when the
transformers supply only one motor, or when several
motors are started at the same time. A regulator
with secondary movable with respect to the primary
may be used. Regulators of this type vary the elec-
tromotive forces without any ‘“make” or “break”
devices, and consequently have no sparking tendency.
But they are in general too complicated and costly to
be able to compete with the transformer with loops.
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VARYING THE MOTOR CONNECTIONS

This is not a method for changing the clectromotive
force applied; but with a given electromotive force
the number of turns in series are varied, and the
effect is the same as varying the applied clectromotive
force. This method is rather limited in its application
without undue complication. The simplest case for
the two-phase is a series-parallel combination of the
windings of each phase. This is equivalent to using
0.5 clectromotive force at start.  For three-phase,
series-parallel may be used, or the winding may be
thrown from the star svstem of connection at start to
the delta system for running. This is equivalent to
using about a6 clectromotive force for start. But, as
the star connection is preferred for the running con-
dition, this combination is not advisable.

CHOKE COILS OR RESISTANCE IN THE PPRIMARY

There is a fourth method of regulation which may
be mentioned, but which is not advisable in general
practice. This is the use of choke coils or of resist-
ance in the primary circuits of the motor, to reduce
the clectromotive force. These really give varving
clectromotive forces.  With choke coils, the power
factor at start is lowered, with correspondingly bad
cffect on the generator and system.  With ohmic
resistance  in the primary circuit, the reduction of
clectromotive force is accompanied by a consumption
of ecnergy in the primary circuit which 1 no way
represents torque.

Tue Presibext: Gentlemen, I am sure we are
all very much obliged to Mr. Lamme for the paper
that he has prepared and read this morning. [ am
very sorry that we shall not be able at this morning's
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session to give it the time that it deserves for dis-
cussion. [ also regret that, in view of the lateness
of the hour, I shall have to reserve the paper by
Licutenant Patten, on * Frequency Transformation,”
until the first order of business this afternoon. As
vou are all aware, we have not yet had an executive
session. A good many of our active members have
been asking to have an executive session this morn-
ing, as they are obliged to leave town. I am, there-
fore, going to adjourn the regular session of the con-
vention until half-past two this afternoon.

After the remaining papers are read we can have
a discussion on this paper and on others that have
not yet been taken up.

[ wish to convene an cxecutive session forthwith.

The convention adjourned to executive session.



SIXTH SESSION

The meeting was called to order at 2.30 p. m.
by President Nicholls, who announced the first order
of business to be a paper by Lieutenant F. Jarvis
Patten.

LievteNanT PatTEN: Mr. President and Gentle-
men: [ have made this paper less lengthy than I
should had I attempted a general discussion of the
subject. I found that would make the paper too
long for the time that would probably be afforded by
the business of your convention, so I restricted it to
a discussion of a new solution of this problem which
has but recently occurred to me, and 1 think this is
the first time it has ever been put in print.



FREQUENCY TRANSFORMATION

Transforming the frequency of alternating currents
.seems to be the only alteration of these exceedingly
mutable forms of electric energy that has not yet
become an industrial requirement; it is by no means
certain, however, that it will not become one at an
early day.

Three possible transformations of alternating cur-
rent are evident in the nature of things: they are:

That of voltage—from a higher to a lower electro-
motive force ;

That of phase—from a given number to a greater
or less number of independent currents, and

That of frequency—from- a given periodicity to a
higher or lower rate of alternation.

The first and most obvious of these was the »azson
d’'etre, and whole foundation, in fact, of alternating
current practice.

The second was but a tardy outgrowth of multi-
phase current working, and its efficacy and value were
neither seen nor understood by its earlier inventors,
no use being made of this order of transformation for
several years after its first reduction to practice, in
1892.

The third is now apparently going through the
same embryonic stage of tentative solution, while
clectrical engineers are still at a loss to sav to what
extent frequency transformation will be used when a
good solution of the problem is given. This, however,
was precisely the case with phase transformation four
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or five years ago, the importance of which is compara-
tively recent knowledge.

One thing, however, is certain ; at times, we should
like a comparatively high frequency for one use, and
another relatively low one for another use on the same
circuit; but at present we cannot have both from the
same generator, thus compelling a sort of compromise
in the selection of the frequency that a system of dis-
tribution shall be given, and this neccessarily to the
disadvantage of some part thereof.

For power distribution, we should prefer a com-
paratively low frequency for motors, rather below
sixth than above, but so low a rate is not the best
for lighting ; hence the compromise if both are to be
operated from the same circuit.

Probably the chief . reason why frequency trans-
formation has not been more seriously considered, is
because no really good or simple solution of the
problem has yet been presented; all thus far pub-
lished being burdened with a complexity of com-
mutating devices, rings and revolving brushes, that
render such systems altogether objectionable.

I think I was the first to show a system of fre-
quency transformation, in a paper before the \meri-
can Institute of Electrical Engineers, in 18g1. The
essential features of that system are shown in Figure
1. Brietly, a gramme armature has a primary wind-
ing, so connected to its commutator that it will turn
through a certain arc, say, one-sixth of a revolution
for each cycle of the alternating current; while a
secondary winding of the same ring has two diamet-
rically opposite points, connected each to a ring
collector.

The system by which the primary winding is con-
nected to its commutator makes such a motor self-
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starting with a single-phase supply, and a second com-
mutator, reversely connected to the first at alternate
segments, gives a direct current for the field exci-
tation. This apparatus will transform a smgle-phase
alternating current of a given frequency to either
single or multiphase alternating currents of one-sixth
the given frequency. I need hardly 'say, however,
that, simple as this may seem on paper, the two com-
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mutators render the device unacceptable to American
practice, and no machine with even a single com-
mutator or revolving brush can be regarded as a
solution of this apparently difficult probiem.

Since 1891, only five United States patents have
been issued for frequency transformers. It will serve
no purpose to refer to them here in detail. They all
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Both systems are self-evident in principle and oper-
ation. As concerns the first, it goes without saying
that, inasmuch as every direct current is built up of a
greater or less number of alternating currents in mul-
tiphase relation, so, by a process of analysis, it is a
simple matter to separate them into distinct circuits;
and then, by a process of synthesis, it is equally sim-
ple to recombine them as we like, to produce any
new combination desired in the way of phase or fre-
quency alteration. My earlier attempt, outlined in
Figure 1, was a little in- advance of this.

Fi:. 4.

Again, it is evident that if we have an alternating-
current motor of any description capable of giving
power, it can be made to drive a generator of any
sort of current or frequency desired; such makeshifts
are not transformers of frequency, as I understand the
term, and before going further it may be well to
define a frequency transformer, as I conceive it.

Such a device should be a self-contained apparatus,
in which all the parts are electrically or magnetically
interdependent, the function of which is to induce in
a secondary circuit an electromotive force of different
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periodicity from that of the primary or inducing circuit
and source of supply. Inasmuch as frequency is always
the result of a relative motion of one part of a gen-
crating apparatus with respect to another, thus setting
up a corresponding rate of change of induction, so it
may be presumed true that changing the frequency of
alternating currents imphes changing the relative motion
of inducing and induced parts with respect to cach
other, from which it .may be further inferred that a
moving part is indispensable.

In the apparatus 1 shall now describe, 1 obtain
this change in the rate of induction bv a novel form
of electromagnetic motor, which is an independent
part of the transformer system, and which, in conjunc-
tion with the currents of altered frequency, determines
the degree of transformation. A brief description of
this motor is necessary to a clear understanding of the
apparatus. It is shown in- vertical clevation in the
lower half of Figure 5, and in horizontal projection
in Figure 6. Its field consists of a toothed iron ring,
with a gramme winding, supplied with multiphase
currents through the leads L, L, setting up a rotat-
ing magnetic field in the ring. The armature is a
solid iron disc, D, Figures 5 and 6, about the same
thickness as the ring, but having a diameter consider-
ably less. It has a raised rib or flange. B, which fits
into and travels in a corresponding groove cut into
the faces of the inwardly projecting teeth of the ring,
Figure 10, or in a track set in the ring, Figure 6.
This disc armature is pivoted, as shown, eccentrically
to the field ring, with which it remains always in con-
tact at onc side of the inner periphery of the latter,
and is supported by a spindle, P,, which maintains
the disc in stable equilibrium in any position it may
assume within the ring.  When the ring is energized,
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the magnetism attracts the iron disc, and, while hold-
ing it in firm contact against the ring at the side, it
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causes it at the same time to roll around the inside
wall of the ring, following as it must the revolving
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Such is the apparatus in its entirety, and it may
be properly styled a motor transformer for voltage,
phase and frequency, as all three functions can be per-
formed as well simultaneously as one or two of them.

The essential peculiarity which adapts it to this
use is the following: As the armature disc D has a
smaller diameter than the ring inside which it rolls,

Fia.

so in rolling around the ring from a given starting
point to the same point again, the disc will have an
entirely independent rate of rotation about its own
axis, very different from that of the rotating magnetic
field in which it turns, and which will be a function of
the difference between the diameters of the disc and ring.
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Here, then, we have the essential requirement of a
frequency-changing apparatus, the operation of which
will be somewhat as follows:

Figure 8 being a diagram of circuits for reducing
frequency, biphase currents from the source of supply
are introduced to the upper or transformer ring wind-
ing, the leads being so connected as to set up a
clockwise-rotating magnetic field in this ring. Nat-
urally, the transformer armature would rotate in the
same direction (if its circuits were closed) synchro-
nously with the field, if free and uncoustrained. If,
however, the armature is not free, but is constrained
to revolve at a slower rate, then multiphase currents
(biphase in this instance) will be generated in its
coils, having a frequency deterinined by the number
of times the armature turns through the rotating
magnetic field while the latter is making one revolu-
tion in space.

Let such constrained motion be assumed, and
consequent generation in the armature coils of multi-
phase currents, and let these currents be taken from
the collecting rings and brushes thereon through leads
down to the lower ring winding or motor field, the
leads being so connected to this winding as to set up
a contra-clockwise-rotating field, or one opposite in
direction to that of the transformer field above. This
done, and the biphase currents from the source turned
on, the motor disc will commence rolling around its
ring in a contra-clockwise direction, but turning at
the same time about its own axis in a clockwise
direction, carrying the transformer armature with it in
the direction of its own revolving field, as it would turn
if free and unconstrained by the motor disc, but at a
rate of speed of rotation identical with that of the
disc about its own axis, which is much slower than
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the speed of rotation of the transformer field, the lat-
ter having a rate corresponding to the frequency of
the biphase currents supplied to it. We therefore
have in this transformer system a rotating magnetic
field of comparatively high speed in the primary ring
winding, and an inclosed secondary circuit revolving
within the latter at a comparatively low speed in the
same direction. Under these conditions the induced
secondary currents of the armature will have a fre-
quency due to the difference of these two rates of
rotation. One of them, that of the field, is given,
and the other is the axial rotation of the disc—neces-
sarily something less than that of its own motor field
(when its diameter is more than half the diameter of
the latter), and the latter being identical with the fre-
quency of the transformed or induced currents in the
armature coils. The disc acts as a sort of brake or
load on the armature, holding its speed down below
the synchronous rate, thus producing a slowly revolv-
ing motor field for the disc to roll in.

To increase frequency, a system of circuits like
that shown in Figure g will be found preferable. In
this case, the biphase currents from the source of
supply are introduced to both the transformer-field
and motor windings, and the connections are such
that the transformer armature and disc will turn in a
direction opposite to that of the field in which the
armature revolves. In this case, as a matter of course,
the induced secondary currents will have a frequency
due to the sum of the two motions instead of their
difference as before. The following is the general
analysis of the two cases:

First, to reduce frequency by the system indicated
in Figure 8.
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Let n=the frequency of the primary currents.

n=the revolutions per unit of time of the trans-

former field.

p=inside periphery of motor ring.

q=outside periphery of the motor disc.

From these it is required to determine

y=revolutions made by the transformer armature

in a unit of time.

y=rate or speed of rotation of the motor disc

about its own axis, and

x=frequency of the transformed currents.

x=rate of rotation of the motor field.

Evidently, if the frequency is reduced, y will be
less than n, and the transformer armature will turn
n—y times a second, which must therefore determine
X, the rate at which the motor field rotates. Hence
we have :

n—y=x . . . . . . . . . . (0

P=9 is the measure of the difference of the ring and

disc peripheries expressed in terms of the Ilatter,
and represents that fraction or part of a complete
revolution that the disc will make about its own axis
while rolling once around the ring, or in the time
that the motor field makes one revolution.

In the time, therefore, that the motor field makes

x revolutions, the disc will make x (R;&) revolutions

and this value must be equal to y, because the disc
and armature are rigidly connected.
Hence, by substitution in equation, we have :

n_x(Biﬂ)zx N € ))

from which, x =

'cl_g
~
(7]
.\/
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giving the frequency of the transformed currents in
terms of n, p and q, known.

Suppose x is given, and it is required to determine
the diameter that the disc should be given to obtain
this frequency with a given diameter of motor ring.
From equation (1) we obtain

p—q _n :
T_?—I B ) X
For example, in the former case let the primary
frequency be 200=n, ring diameter 24=p, and disk
diameter 8=q; then from (3) we have

X=- 27070’(8_66.6, or the transformed currents will

2
have a4frequency of 66.6, or one-third the frequency
of the primary currents.

In the latter case, given a primary frequency of
200=n, a secondary frequency of 66.6, to determine
what relative - diameters to give the ring and disk to

, P—q __200 ., _,
get this result, we have from (4) q =z g 1=

whence p=3q, or the disc, to effect this transfor-
mation, should be one-third of the diameter of the
ring.

To increase frequency, the system of circuits shown
in Figure g is preferable. Here, the primary currents
from the source of supply are taken to both field
windings, so that in this case the value y becomes

equal to n ( p;q_), and we have from (2), remem-

bering that the two rates of rotation must now be added,

n+n (%—):\ N )

is the transformed frequency, and is one due to the
sum of the two rates of rotation, field going one way
and armaturc the other.
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Thus, as before, let n=200, p=24, q=8,
24-8
then x=200+4200 ( 48 ):600,
or the frequency in this case will be three times the
primary rate.
Figure 10 shows a modified form of the disc
motor, designed to insure strong magnetic action.
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When the disc is nearly as large as its contain-
ing ring, one disc will answer the purpose; but when
it is less than half the diameter of the ring, two
diametrically opposite discs, joined by a yoke, should
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be used, thus making a perfectly closed magnetic
circuit. '

We evidently have here a comparatively simple
apparatus, from which almost any desired frequency
can be derived from a given frequency, while the sys-
tem is entirely free from revolving brushes or commu-
tators of any description, three collecting rings being,
in fact, all that is essential for ordinary transformations
of voltage, phase and frequency, of which the system
appears to be a general solution.

By having a variety of interchangeable motor discs
of different diameters, a great variety of transfor-
mations can be made with the same machine.

I am sure that the analysis given for the deter-
mination of the transformed values is incomplete,
inasmuch as it does not take into consideration the
interactions between the two motor systems, the true
analysis of which would doubtless prove a very
intricate problem ; the analysis given is based on the
assumption that the disc motor runs normally, as if
it were free and unloaded, and so drives the armature
above. This will doubtless seldom be the case, and
the speed of equilibrium- to which the apparatus will
finally settle down will be something in the nature of
a compromise between the exertions of the two
machines regarded as independent motor systems.

Tue PresiDENT: Gentlemen, Lieutenant Patten's
paper is before you for discussion. If there is to be
no discussion, 1 will express the thanks of the asso-
ciation to Lieutenant Patten for the paper that he has
just presented, and which will be printed in the min-
utes of the proceedings of this convention in due forin.

I now call upon Mr. Charles F. Scott, of Pitts-
burgh, Pennsylvania, to read his paper, entitled ‘ Rota-
ries for Transforming Alternating into Direct Current.”

Mr. Scott read his paper, as follows:



ROTARIES FOR TRANSFORMING ALTER-
NATING INTO DIRECT CURRENT

The characteristic of alternating current that gives
it a high commercial value, is the facility with which
it may be transformed from one pressure to another.
It may be economically transmitted at a high pressure
over distances for which the cost of conductors for
transmission at low voltages is prohibitive, and then
transformed to a low pressure at which it may be
utilized. The alternating current and the direct cur-
rent find a common field in low-voltage distribution
for lighting and power, and the direct current alone
is applicable to electrolytic work and storage batterics.
The direct-current system only is used for ordinary
street-railway work, and it possesses certain advantages
over the alternating current in central stations and
isolated plants.

An clectric system may combine both the advan-
tages of the alternating current for transmission and
the direct current for utilization, if there is a means
of transforming alternating into direct current.

METHODS OF TRANSFORMATION

The simplest arrangement of ordinary apparatus
for transforming from alternating to direct current is
found in an alternating-current motor driving a direct-
current dynamo. The two machines may be mechan-
ically connected by belt or otherwise. or the two
armatures may be mounted upon one shaft and the
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two fields placed upon the same bed plate. In such
an arrangement, the electrical energy of the alternat-
ing current is transformed into mechanical energy,
which is in turn transformed back into electrical
energy, appearing in the form of direct current. The
arrangement may be further simplified by using a
single field and a single armature with two windings
—one for receiving the alternating current and the
other for generating the direct current. A further
simplification is made by uniting the two windings
into a common winding suitably connected, both to.
collector rings for receiving the alternating current,
and also to a commutator for delivering the direct
current. This arrangement constitutes the ordinary
rotary transformer, rotary converter, or rotary, such as
has been finding a widening and important practical
application during the last few years.

An armature for a rotary may readily be made from
the armature of a direct-current machine by connect-
ing collector rings to certain commutator segments, or
to the points in the winding to which they are con-
‘nected. The part of the armature winding between
two collector rings 1s continuously changing position
with reference to the field poles, and is therefore gen-
erating a continuously changing electromotive force,
which appears as an alternating electromotive force.
Such a machine may be operated as a generator, being
driven by mechanical power, and delivéring either
direct current from the commutator or alternating
current from the collector rings; or as a motor, receiv-
ing either direct current or alternating current and
delivering mechanical power; or as a motor-generator
(or rotary), receiving direct current and delivering
alternating current, or receiving alternating and deliv-
ering direct current.
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The ordinary rotary is a combined alternating-
current motor and direct-current generator. It pos-
sesses certain characteristics of a motor, others of a
generator, and still others that result from the com-
bined action of the two. The characteristics of the
svnchronous motor will be considered in detail, then
those of the direct-current generator, and. finally,
those of their combination, or a rotary.

A SYNCHRONOUS MOTOR

If two similar alternating-current machines be
driven from the same counter-shaft at the same speed,
and have the same field charge, they may be con-
nected together in multiple in the same way that two
similar direct-current machines running at the same
speed and with equal field charges may be connected
in multiple. If the belt be thrown off one of the
machines, it will run as a motor, receiving its current
from the other machine.

A motor that receives current from a supply circuit
must conform to the characteristics of that circuit.
A direct-current shunt motor, for example, must run
under such conditions that the electromotive force of
its armature is equal to the electromotive force of
the supply circuit. This means that the speed, the
field current and the work done must be mutually
adjusted in such a wayv as to meet these conditions.
If the field current be reduced, the speed will
increase ; if the load be increased, the speed will, in
general, decrease. In like manner, a synchronous
alternating-current motor must adapt itself to the
conditions of the circuit, not only in electromotive
force, but also in speed. It must run at a definite
constant speed that is in a ratio to the speed of the
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generator determined by the relative number of field
poles in the two machines. A change in the field
charge of a synchronous motor cannot be compen-
sated for by a change in speed as is the case in a
direct-current motor.

EFFECT OF VARIATION IN FIELD STRENGTH

If the field current of the alternating-current
motor be reduced, there can be no increase in speed,
and there must necessarily be some other means for
making the electromotive force of the motor corre-
spond to that delivered by the generator. If the field
charge of the motor be decreased, say, twenty per
cent, it will be found that a very considerable current
flows between the generator and the motor, possibly
equal to the full-load current of the motor. This cur-
rent is evidently a so-called ‘“wattless” current, for,
although it is apparently delivering the energy required
by the motor at full load, it is actually delivering
only sufficient energy to run it without load. The
current flowing is, however, different from the current
that flows when the motor is loaded under normal
conditions, as the two .currents do not have the same
time relation to the electromotive force. In a loaded
motor under normal conditions, the maximum current
occurs at the time of maximum pressure, and zero cur-
rent at the time of zero pressure. The position of
the armature at the time of maximum current is
shown in Figure 1. The armature conductors that
are shown in black circles are those carrying current
in one direction, while those shown as open circles
are carrving current in the opposite direction. The
armature is in a two-pole field, and the direction of
the current in the field coils is represented in the
same way, by dark and light circles.
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rent is in a position to directly aid the current in
the field winding in its magnetizing effect, as is
indicated by the arrows. This is equivalent to
strengthening the field current. If the field cur-
rent of the motor be reduced twenty per cent
and the electromotive force of the circuit remain

Fic. 2.

the same, then there will be sufficient curient through
the armature to make up for the twenty per cent
reduction in the ampere turns in the field. In the
generator, however, the position of the armature coils,
when this current flows, is such that it acts against
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nected to the generator, will be about goo volts. The
current flowing through the two armatures will reduce
the magnetization of the generator by opposing the
ampere turns of the field, while in the motor the mag-
netization will be increased as the armature ampere
turns assist those of the field. If the field current of
the motor be increased so that its electromotive force
before connection to the generator is, say, 1,200 volts,
then a current will flow which demagnetizes the motor
and magnetizes the generator. If the two machines
be of equal size, so that a current produces about
equal effects in the two machines, then the resulting
pressure will be about 1,100 volts. It is, in fact, pos-
sible to run a motor without any field charge at all,
but with an armature current sufficiently large to pro-
duce all the magnetization required. On the other
hand, it is also possible to run a motor having a
charged field from a generator that has no field
charge.  The current in the armature magnetizes the
generator, while reducing the eclectromotive force of
the motor. In this case, the electromotive force at the
terminals is about half the electromotive force that there
would be if the generator had its normal field charge.

When a motor is running with load, the current
that delivers energy to it is in phase with the electro-
motive force, and produces only a slight effect upon
the magnetizations and electromotive forces of the
machines. When a motor is carrying load, the current
to it increases if the field charge be too high or too
low, as the electromotive force of the motor must be
made equal to that of the circuit by an additional
magnetizing current in the armature if the field
current is not properly adjusted. These conditions
are illustrated by the relative directions of the arrows
in the first three figures.
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In the illustration that has just been cited, it has
been assumed that there is' little or no resistance in
the circuit joining the generator and motor. If, how-
ever, there is a considerable resistance in the circuit
between the two machines. then the electromotive
forces on their terminals will, in general, not be the
same; that of the motor will usually be lower than
that of the generator, as it is in direct-current cir-
cuits. It is possible, however, if there be inductive
resistance in the circuit between the two machines,
and if the tield charge of the motor be increased, to
make the electromotive force at the motor terminals
equal to or greater than that at the generator. If the
field current of the motor be increased as it is loaded,
the electromotive force at the motor may be maintained
constant at all loads or may be increased as the motor
is loaded. On the other hand, if the field current of
the motor be too low, there may be a greatly increased
drop in generator and in transmission circuits. There
is alwavs a certain definite motor-field charge with
which the motor will carry its load with a mini-
mmum current.  Any variation in the field charge
increases the current required by the motor, and this
current, although it may be useful for regulating the
electromotive force, causes increased heating and losses
in the armature, and usually in the transmission circuits
also.

EFFECT OF VARIATION IN WAVE FORM
The electromotive force of a svnchronous motor
must be adapted to that of the circuit, not only in
its average intensity, but also in its wave form. Two
alternating-current machines may give equal electro-
motive forces of, say, 1,000 volts effective, although
onc has a maximum electromotive force of 1,410 volis
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and the other of only 1,290 volts. At some other
part of the wave, say, when the electromotive force
of the first machine is %oo volts, that of the second
machine may be greater, or 8oo volts. The result is
that at some instants the first machine would have an
clectromotive force over 100 volts higher than the
second machine, and at other times the second machine
would have an electromotive force higher than the
first. If two such machines be run in synchronism,
either both as generators, or one as a generator and
the other as a motor, the difference between their
electromotive forces at different times during each
alternation gives an electromotive force for sending a
current back and forth between the armatures. This
electromotive force is one of a higher frequency than
the normal frequency of the circuit— usually of three
or five times its frequency—and it evidently cannot
be avoided by changes in the field charges of the
machines. This high-frequency current causes extra
heating in armatures and transmission circuits, it reduces
output, it causes increased drop and it contributes to
‘“ pumping.”

The figures used in the foregoing example are
taken from the published curve of the Niagara
generators and the sinusoid. The result indicates what
may be expected if a machine whose electromotive
force wave is a sinusoid be connected with the
Niagara circuits. This is illustrated in Figure 4, which
shows the Niagara wave, the sinusoid and their
difference, or the electromotive force which would
'send an idle current through the circuits. This is
equal to about ten per cent of the normal electro-
motive force of the circuit.
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EFFECT OF VARIATION IN SPEED

It has been stated that the speeds of two machines
that are run in synchronism is definitely fixed by their
relative number of field poles. It is, however, not
onlv essential that the two armatures make the same
number of revolutions per minute, but that they be
at the same speed at all times. If a generator that is

»
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driven by an engine in which the speed varies in dif-
ferent parts of a revolution be connected in multiple
with a second machine which is provided with a very
heavy Hy-wheel, so that it runs at practically uniform
speed, then the phases of the two machines will at
times be coincident, and at other times onc machine
mav be in advance of or behind the other machine.
The effect that a given difference of speed makes
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upon the electric system depends largely upon the
number of poles of the alternators. The variation in
speed may be such that one armature is at times one
one-hundredth of a revolution in advance and sometimes
one one-hundredth of a revolution behind a second
armature. If the machines have one hundred poles,
then the electromotive force of the armature, which at
one instant agreed in phase with the other, will, at
the next instant, be of exactly the wrong phase, and
a heavy current will flow through the armatures. If,
however, the alternators be two-pole machines, then an
advance of only one one-hundredth of a revolution of
one armature ahead of the other will cause so trifling
a difference in electromotive forces as to produce little
or no appreciable effect.

A synchronous motor, especially if it is running at
light load, tends to run at a uniform speed, as the
revolving elements act as a fly-wheel. If the gener-
ator speed fluctuates, the electromotive force will some-
times be in advance and sometimes behind that of
the motor, and the difference between the two will
cause the current between the machines to fluctuate
in strength, having its minimum when the electromo-
tive forces of the two machines are directly opposite
in phase, and a maximum when there is the greatest
variation of this condition.

“PUMPING " OF MOTORS

A synchronous motor that is connected to a circuit
on which the conditions are fluctuating, tends to
“ pump,” that is, the armature runs sometimes a little
faster and sometimes a little slower than the gener-
ator, which usually causes a beating sound in the
motor. This ‘“pumping” or *“hunting” action usually
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results from some irregularity in the circuit by which
the motor is supplied.  This irregularity mav be
caused by varnation either in speed or in c¢lectromotive
force.

Variation in the speed of a generator tends to
cause a corresponding variation in the speed of
a svnchronous motor. The motor cannot assume
instantly the speed required by the new speed of the
generator. . When this increases, then the motor arma-
ture begins to increase in speed, but lags shightly.
At this time the motor receives an increased current,
because its armature is not in the normal position for
the new frequency and because additional current is
required for supplying the energy necessary for increas-
ing the speed. The additional current produces a
difference in the magnetization of the fheld, which
must again be altered when the generator speed
decreases below the average. The motor is therefore
undergoing a slight variation in speed which does not
exactly correspond to that of the generator, and it is
undergoing changes in its magnetic field strength
which cause it to receive from the circuit a tluctuat-
ing current, and this may in turn affect the electro-
motive force upon the circuit. The motor armature
at certain times receives more than its average amount
of energy from the circuit, and at other times mayv
even return energy to the circuit. The electromotive
force of the circuit is dependent, not upon the gener-
ator only, but upon the combined action of the gen-
crator and the motor, and the Huctuating current to
the motor may produce a tluctuation in the electro-
motive force of the circuit, A Huctuating electro-
motive force upon a circuit, such as would cause a
flickering or varying light in an incandescent lamp,
will cause a motor to take an additional current,
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cither lagging or leading, at each variation.  This, in
general, tends to cause the motor armature to take a
new position adapted to the electromotive force
received at each instant, and therefore causes a vary-
ing or ‘“pumping” action in the armature of the
motor. Pumping may therefore be caused by variable
speed in the generator or in other motors, or by
variable electromotive force produced by the irregular
action of the generator or of other motors.

TORQUE AT LOW SPEEDS

A synchronous motor possesses but little torque
at any speed except the synchronous speed. In gen-
eral, it cannot be started except by the use of some
auxiliary apparatus or at the expenditure of a heavy
current in proportion to the torque developed. It
must be connected to the circuit or * synchronized”
when it has attained exactly the proper speed, when
the electromotive force is equal to that of the circuit
and has the right phase relation. When it is slightly
below synchronism, its torque is greatly reduced. A
momentary overload upon the motor may cause it to
drop from synchronism. If the generator speed sud-
denly increase, as may be the case if a part of the
“load be thrown off a poorly regulated water-wheel,
then, also, a synchronous motor which may remain
upon the system must increase in speed almost
instantly, which may be beyond the limit of the
motor if it already be carrying normal load.

RESUME OF CHARACTERISTICS OF A SYNCHRONOUS
MOTOR.

Among the characteristics of a synchronous motor
that have a direct bearing upon its practical operation
are the following :

An ordinary synchronous machine has small start-
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ing torque, and requires ecither a heavy starting cur-
rent or is started by auxiliarv apparatus. A consider-
able amount of switchboard apparatus is required, and
care must be used in connecting the machine to the
circuit.

If there be a sudden increase in the generator
speed, a svnchronous motor mayv not be able to
increase its speed quickly enough to prevent dropping
from svnchronism. The generator speed must be
fairly uniform throughout each revolution, in order to
prevent fluctuation in current, and pumping of svn-
chronous motors. '

If the electromotive force of the circuit be moment-
arily lowered (e. g.. by connecting a motor to the cir-
cuit when it is not in phase, or by overloading a
motor and causing it to drop from svnchronism, thus
producing a heavy current), or if the electromotive
force be cut off the circuit momentarily (e.g., by
switching the circuit from one dyvnamo to another),
the svnchronous motor mayv lose synchronism, and
stop.

The field strength of the synchronous motor must
be adapted to produce an electromotive force fairly
approximating that of the circuit, or there may be an
excessive current either leading or lagging. .\ lagging
current produces a greatly increased drop in electro-
motive force in generator and transmission circuits. A\
leading current reduces drop in electromotive force, and
ncutralizes lagging current ; if a synchronous motor and
an induction motor be supplied by the same line, the
lcading current to one may neutralize the lagging
current to the other, so that the line carries only the
current necessary for  transmitting  energy  to  the
motors.

The synchronous motor must have a wave form
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A ROTARY

In the early part of this paper, a machine "was
mentioned in which there were two windings; one
for receiving alternating current for deriving energy
as a motor, and the other for delivering direct current
as a generator. If this armature has the same num-
ber of turns in the two windings, so that each
alternating-current wire has a corresponding direct-
current wire near it, we may examine the current
flowing in the two wires at different times during the
revolution of the armature, and then, by combining
these currents, determine the current that would flow
if the two windings were connected together, or if
the two currents were flowing in one winding. At a
given instant, a wire may be said to have two currents
flowing in it; one due to the alternating circuit, and
the other in connection with the direct-current circuit.
The resulting or actual current will be the sum or
difference of these two currents; the sum, if they
flow in the same direction, and the difference, if in
opposite directions. By determining the current that
will flow in the successive positions of the armature
during a revolution, we may compare the effect of
the resulting current with that of the direct current
alone, both in heating the armature conductors and in
the effect upon the commutation.

ALTERNATING CURRENT IN A ROTARY

An alternating current varies from zero to a max-
imum, having a particular value for each successive
position in a revolution of the armature. In an arma-
ture revolving in a two-pole field, the current strengths
for a number of positions of the armature are shown
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in the accompanying Figure 5. The strength of cur-
rent in the wires on the surface of the armature is
indicated by the thickness of the circles representing
the armature. The shaded portion indicates that the
current is flowing in one direction, and the light portion,
that the current is flowing in the opposite direction.
The terminals are represented by black dots within the
inner circle. The armature is assumed to be between
two field poles, one directly above and the other directly
below it; similar to those in Figure 1. The upper
circle in the figure represents the armature in the posi-
tion of zero electromotive force, and of zero current,
also, when the electromotive force and current are of
the same phase. The second circle shows the condi-
tion when the armature is moved through one-quarter
of a right angle, or twenty-two and one-half degrecs.
The electromotive force and current are now thirty-
cight per cent of the maximum that will be reached,
and they are in one direction in the shaded section of
the diagram, and in the opposite direction in the
other half. The next circle shows the forty-five-degree
position, in which the strength of the current is
seventy-one per cent, and the fourth circle shows the
condition when the next arc has been passed and the
value is ninety-two per cent of its maximum. The
fifth circle shows the ninetv-degree position, in which
electromotive force and current have reached the max-
imum values. This circle represents the same condi-
tion that is shown in Figure 1; the half of the arma-
ture nearest one pole s carrving current in one direction,
while that nearest the other pole is carrying curient in
the opposite direction. .\ vertical line passing through
the centre of the poles and the armature is seen to have
an equal quantity of positive and of negative armature
current on cach side. As the result, the armature
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currents do not have any effect in increasing or
diminishing the magnetization of the fields. The con-
ditions for the next quarter of a revolution are given
in the lower circles, and the conditions in subsequent
positions are simply a recurrence of the cycle that is
shown in the nine circles given.

In a two-phase machine, the two electromotive
forces are exactly similar, except that one occurs
ninety degrees, or a quarter of a revolution, later than
the other. The connections to the armature winding
are exactly similar, except that one is made at a point
ninety degrees from the other. The electromotive
force and current in the sccond circuit are therefore
identical with those that were in the first circuit a
quarter of a revolution before. Diagrams for the
second circuit are given in Figure 6. A comparison
of Figure 5 and Figure 6 shows that the current in
one is maximum when that in the other is zero,

If both cireuits be derived from the same winding,
then the two currents tend to How in the same wires,
and the actual current Howing is the resultant of the
two. [t will be the sum when the two currents are tlow-
ing in the same direction, and the difference when they
are lowing in opposite directions.  Combining Figures
5 and 6 in this way, Figure 7 is derived. The upper
circle is seen to correspond exactly to that in Figure
6, as there is no current in Figure 3 at this time.
The condition obtained " at cach quarter-revolution is
the same, and is shown by the first, fifth and ninth
circles.  The current in the intermediate positions is
seen to be different in different sections of the arma-
ture winding. In the fortv-ive-degree position, there
are two quarters of the armature that have no current.
It will be observed that the area in Figure 7 is con-
siderably less than the sum of the areas in the two
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figures representing the component currents. If the
current in the armature wires of Figure 5 and of
Figure 6 is represented by 1 in cach case, then
the current in the armature, when both circuits supply
their currents from one winding, as in Figure 7, will
not be equal to the sum of the two, or 2, but will
be equal to 1.4.

A vertical line drawn through the nine circles in
cach of the three figures shows an equal area of
shaded section and an equal area of light section on
each side, so that there is no resultant effect on the
magnetization of the fields.

DIRECT CURRENT IN A ROTARY

The current in the armature of a direct-current
machine, in which the brushes are set in the neutral
position, having no lead, is shown in Figure 8. It
will be noted that the current in all parts of the
armature is of the same strength, and that the current
occupies the same position with respect to the ficld
poles, regardless of the angular position of any par-
ticular armature conductor. An armature that carries
both the alfernating current and the direct current in
the same winding, will have a resultant current which
is the sum of the two in those conductors in which
the currents tend to flow in the same direction, and
is the difference where the. currents tend to flow
in opposite directions.  The successive circles in
Figure 7 (which represent the current in a two-
phase, alternating-current motor) and in Figure 8
(which represenr  the current in a direct-current
dynamo) are combined to give the corresponding
circles in Figure 9, which therefore represent the
actual current in the armature conductors of a rotary



385

transformer in successive positions. It will be observed
that in the first position there is no current in the
armature. In this position, one of the alternating-
current circuits is delivering no current, dnd the other
is delivering its maximum current. The latter circuit
is at this moment connected to those commutator
bars on which the direct-current brushes are making
contact, so that the current passes directly from the
alternating-current circuit to the direct-current circuit,
without traversing the armature winding. The same
condition prevails  when the armature has moved
through ninety degrees. and the commutator bars to
which the second circuit is connected have come
under the direct-current brushes and the current in
this alternating circuit has reached its  maximum
value. The continuous strength of the direct current
is just equal to the maximum value of the alternating
current. In intermediate positions of the armature,
the current varies through a considerable range, as is
indicated by the intcrmediate circles.  The figures
clearly indicate that the current in the armature con-
ductors is less when the machine is used as a rotary
transformer than it is when used as a direct-current
generator. The armature can deliver about sixty per
cent more direct current, with the same heating cffect,
as a rotary transformer than it can as a direct-current
generator. An inspection of the circles in the tigure
representing the rotary shows that the current in the
armature conductors that are directly in front of the
field poles—that is, on the upper and lower portions
of the circles—is very much less than it is in the
figure representing the direct-current generator. s a
consequence, the distortion of the field magnetism is
very much reduced, and the conditions for commuta-
tion are therefore greatly improved.
26
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The loss due to magnetic induction in the teeth of
an armature depends, other things being equal, upon
the maximum magnetization. In a machine in which
the field is very much distorted, being weak at one
side of the pole and strong at the other, the 1ron loss
is much increased over what it would be if there were
the same total magnetism from the field pole, but
evenly distributed across the pole face. The losses
arising from field distortion are very small in the rotary,
as there is so little distortion.

THE INDUCTION ROTARY

It has been stated that if the field current of a
synchronous machine be reduced, there will be an
increased armature current which can compensate for
the decreased field current and maintain a constant
magnetization. In a suitably-designed machine, the
field current may be reduced to zero, and the whole
magnetization derived from the armature current. The
current in this case, as has been shown in Figure 2,
has its maximum value in quadrature, or ninety degrees
from the maximum electromotive force. A single-
phase armature, in which the current is in phase with
the electromotive force, is represented in Figure ;3.
If the current lag ninety degrees, then the relation of
currents may be seen in Figure 10, in which the cur-
rent has its maximum value in a position ninety
degrees later than that at which the maximum value
occurs in Figure 5. It will readily be seen that in
Figure 10 the current represented by the shaded por-
tion of the diagram is almost entirely on one side of
the vertical line, so that the currents in the armature
are in proper position for magnetizing the field. The
current in the armature of a two-phase motor which
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is magnetized by the armature currents is shown in
Figure 11. It will be noted that the current is dis-
tributed in the same way as in Figure 7, which rep-
resents a two-phase motor 1 which the currents are
in phase with the electromotive forces, except that the
corresponding currents occur when the armature is
moved through ninety degrees. The position of the
current in the armature is such that the shaded portion
lies almost entirely on one side of the vertical line
passing through the centre of the shaft and the field
poles, and consequently is in the most favorable posi-
tion for magnetizing the fields. If such an induction
motor be provided with a commutator, direct current
may be delivered, and the action of the machine will
be exactly the same as if it were excited by current
in a field winding instead of current in the armature
winding. For simplicity. we may assume that there
are two windings on the armature—one for carrying
the magnetizing current, and the other for receiving
the alternating current which supplies direct current
from the commutator, as has been shown in the
former figures. When there is but one winding, then
there is a resultant current in the armature, which
may be found by combining the current that magnet-
izes the motor and that which contributes to (he
supply of direct current, adding the two when they are
Howing in the same direction, and taking their differ-
¢nce when they are flowing in opposite directions. The
magnetizing effect must be practically constant at all
times. The current in phase with the clectromotive
force, which, therefore, supplies energy, which is in turn
delivered to the direct-current circuit, varies with the
load. The resultant current therefore varies with the
load. It will be found that the alternating current to
the motor, as well as the currents in the armature wind-
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ings, is not equal to the arithmetical sum of the mag-
netizing current that can be measured at no load and
the current that is useful in supplying the direct-
current circuit. The resultant current is less than the
sum, and the difference becomes greater and greater
as the motor is loaded.

EFFECT OF CHANGE OF LEAD

An interesting and important variation is produced
when the angular position or lead of the direct-cur-
rent brushes is changed. Omitting for the present
the lagging or magnetizing current, and counsidering
only the current which is in phase with the electromo-
tive force, and supplies cnergy for the direct current.
the distribution of current with no lead is shown in
Figure 9, and with backward lead of twenty-two and
one-half degrees, is shown in Figure 12. The currents
in these ngures are similar, except in the arcs through
which the brushes have been moved from their
neutral position. In Figure g, it was noted that there
was no magnetizing cffect produced in the field by
the armature current. In Figure 12, it will be
observed that the currents in the sections through
which the brushes have been moved are so located as
to produce considerable magnetizing effect, as there is
a current in one direction on one side of the arma-
ture, and in the other direction on the other side of
the armature. When the brushes have this position,
the current in the armature resulting from the cur-
rents that are in phase with their electromotive forces,
and which supply the direct current, produces a mag-
netizing effect which will therefore reduce the amount
of magnetizing current necessary from other sources.
In an induction rotary in which the brushes are given
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a backward lead, this effect can be secured, thus requir-
ing a less amount of lagging current, or current that
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is nincty degrees behind its electromotive force, when
the machine is loaded. If we assume that tne mag-



39¢

netizing current in the armature is flowing in one
winding and the current for supplying the direct-cur-
rent circuits in ‘another winding, we shall find that the
current in the magnetizing winding decreases as the
machine is loaded. Moreover, this magnetizing cur-
rent can be varied by varying the lead of the direct-
current brushes. With the brushes at the no-load or
neutral position, the magnetizing current would be
found to be practically constant whatever the load.
As stated above, if the brushes are given a backward
lead, the magnetizing current will decrease, while, if
they are given a forward lead, it will increase.

This effect is useful in regulating the voltage of
the direct current delivered by the induction rotary.
At no load, the lagging or magnetizing current is, as
is well known, of a character to produce a consider-
able drop or lowering of voltage in the generator and
transmission apparatus, and in the rotary itself, espe-
cially if they have considerable self-induction. The
drop produced by a lagging current is considerably
greater than that produced by a non-lagging current
of the same strength. If, therefore, this lagging com-
ponent of the current to a rotary be diminished, the
drop in the alternating-current circuit will be cousid-
erably reduced. This is effected by giving a backward
lead to the brushes in the manner just explained. As
the rotary is loaded, the magnetizing current decreases,
which produces less drop and, therefore, a higher elec-
tromotive force on the direct-current circuit than there
would be if the brushes were kept in their neutral
position. The reduction in the magnetizing current
also decreases the total current to the rotary when it
is carrving load, and consequently incrcases the power
factor of the system.

The induction rotary possesses essentially the same
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characteristics as the rotary with excited field in the
increase of output that can be obtained from an
armature of given size over that which can be obtained
from a direct-current machine. The induction rotary
possesses great superiority over the rotary with excited
field in its facility for adapting itself to the conditions
of the circuit. A synchronous machine, as has been
pointed ous, must be adapted to the circuit that sup-
plies it, in wave form and in electromotive force. A
*machine with excited fields possesses its own definite
characteristics, its wave form being dependent on its
mechanical proportions, and its electromotive force
being dependent upon its exciting current, which is
under the adjustment of an operator. Such a machine
is an independent unit, impressing its own character-
istics of wave form and electromotive force upon the
system to which it is connected.

An induction machine has no characteristic wave
form or electromotive force. In these respects, it is
not active, but passive. It receives its magnetizing
current from the alternating circuit in the same way
that an ordinary transformer or converter does. The
current flows in just sufficient amount to suitably
magnetize the machine for producing an electromotive
force that in amount and wave form is exactly adapted
to the circuit to which it is connected. In these
regards, the induction rotary possesses the same marked
advantages over the rotary with excited fields that the
induction motor possesses over the synchronous motor
with excited field.

The induction rotary has sufficient starting torque
to be self-starting. The rotary with excited field is,
in general, capable of self-starting, but under conditions
that are not so favorable to the circuit as the induc-
tion rotary, as the latter requires much less starting
current.



392

When the conditions of speed or electromotive
force on a circuit are fluctuating, the induction rotary
is much less liable to be affected than the rotary with
excited field. The action of the induction rotary is,
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in a measure, pliable and elastic, which adapts it much
more readily to slight changes than its rigid and
exacting prototype. In fact, in a certain test, a rotary
transformer of the direct-current field type was so
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sensitive to variations in the circuit that it could not
be operated from a commercial circuit, but was able
to run with perfect steadiness as an inducton rotary
when its field circuit was open. The machine was
not properly proportioned for running continuously as
an induction rotary, as the exciting current was excess-
ive. This, however, could be modified by making
slight changes in the design of the machine, adapting
it for operation as an induction rotary.

I bhave seen two induction rotaries running in
multiple, which divided the load in any ratio that was
desired, depending on the relative lead of the brushes.
The switch of either machine could be opened,
throwing double load on the other machine; and this
load could, in turn, be thrown off instantly or thrown
on instantly without producing any noticeable sparking
at the brushes. The rotaries were tested at widely
different electromotive forces and on circuits having
different wave forms, and showed themselves perfectly
adapted for meeting a very wide range of conditions.
The induction rotary is best suited to circuits of a
low number of alternations, and, except in small sizes,
is not well adapted for 7,200 alternations or sixty-
cycle circuits.

REGULATION OF VOLTAGE

The electromotive force at the commutator of a
rotary is related to that of the alternating current at
the collector rings by a definite and practically con-
stant ratio. A commutator electromotive force of one
hundred volts requires an alternating electromotive force
of seventy to eighty volts, depending upon the wave
form. A variation of the direct-current voltage, there-
fore, requires a corresponding variation in the alter-
nating-current voltage supplied. This may be varied,
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either by changes in the generator or in the trans-
mission apparatus between generator and rotary; or
it may be made by changes in the rotary itself, either
increasing the field strength or otherwise.

(1). The voltage may be varied by varying the
electromotive force upon the generator, consequently
increasing the electromotive force throughout the
system. This is, in general, applicable only when a
generator supplies one rotary alone.

(2). The voltage may be varied by changes in
the ratio of the windings of transformers that are
placed between the generator and the rotary. This
regulation may be' done in one of several ways:

(a). Loops may be brought out from the trans-
former for supplying voltages differing by steps of,
say, ten per cent, and the rotary, before being started,
may be so connected that it receives one of these
voltages, there being no provision for changing the
voltage while the rotary is running.

(b). The lowering transformer which supplies cur-
rent to the rotary may be made with an adjustable
or moving secondary, by which the relation between
the primary and secondary coils is varied, effecting
gradual changes in the electromotive force delivered
to the rotary.

(c). The transformers may be provided with
many loops connected to a switching device or con-
troller, by which the electromotive force of each phase
can be raised or lowered by, say, one-per-cent steps.
In such a regulator, the circuits may be so arranged
that one circuit is switched at a time, the rotary being
operated as single-phase during the instant of switch-
ing over.

(3). An auxiliary machine may be placed on the
shaft of the rotary or be driven by a separate motor.
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This machine may be excited by the direct current
from the rotary. Such an auxiliary generator or
booster will have an electromotive force dependent
upon its field strength, and may therefore be used
for increasing the electromotive force as the load
increases. It may be wound for alternating current
and increase the electromotive force of the alternating
circuit before it reaches the rotary, or it may be
wound as a direct-current machine and add to the
electromotive force delivered by the commutator of
the rotary.

(4). The field strength of the rotary may be
increased as the load increases, by compounding it in
the same way that an ordinary direct-current machine
is compounded. A low field charge at light load will
cause a lagging current to flow, which will cause a
drop in electromotive force if there be self-induction
in the circuit. If the field current be increased, the
lagging current will become less, and the drop will
become less. A strong field will increase the electro-
motive force at the alternating-current end of the
rotary above that which the circuit would otherwise
deliver. This electromotive force may be kept the
same at full load as it is at no load, or may be
made to increase so that the alternating clectromotive
force at the rotary is greater at full load than au no
load. In this method of operating, the current to
the motor is usually a lagging or a leading current,
and involves a power factor less than unity.

(5)- In the induction rotary in which there is no
direct-current field charge, the brushes may be given a
backward lead, so that the direct current tlowing in
the armature replaces in magnetizing effect a portion
of the lagging alternating current that magnetizes the
machine at no load, and therefore reduces the amount
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of lagging current supplied to the machine. This
causes a less drop in generator and transmission cir-
cuits, so that there may be an increasing electromotive
force between no load and full load.

SUMMARY OF CHARACTERISTICS OF A ROTARY

A rotary acts both as an alternating-current motor
and as a direct-current generator, and has the follow-
ing characteristics :

(1). The machine is similar to an ordinary syn-
chronous motor in its dependence upon the wave form
and the electromotive force of the circuit to which it
is connected, and upon the speed of the generator.
A circuit that is variable in speed or in electromotive
force may produce an unstable condition in a rotary,
which tends to produce a mechanical oscillation or
“pumping ” action. This may be so slight as to cause
no practical inconvenience, or it may be sufficient to
cause periodic sparking of an injurious amount or a
fluctuation in the electromotive force delivered, or it
may be so great as to prevent the mechanical running
of the machine.

(2). Rotaries are of two types: the direct-current
field rotary and the induction rotary. The former
type requires a much more careful adaptation to the
circuit on which it is to be operated, and is much
more sensitive and liable to disturbance in its opera-
tion than the induction rotary, although its successful
operation in service proves that there is no question
as to its commercial success. The induction rotary is
a simpler and cheaper machine to construct and to
operate ; it possesses many advantages over the first
tvpe, and can, in general, meet all conditions more
successfully, except those requiring considerable com-
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pounding, especially with variable loads, and for opera-
tion of large sizes on high-alternation circuits.

(3). With the same output, the loss in the arma-
ture conductors of a rotary is less than it is in a
direct-current machine ; therefore, if the loss be kepr
the same, the output of a machine of given size can
be increased. In a three-phase rotary, the output can
be increased about thirty per cent, and in a two-phasc
rotary about sixty per cent, over the output as a
direct-current machine ; the loss being the same, and
the efficiency consequently increased.

(4). The current in the armature of a rotary is
distributed in such a way that there is little current
in the conductors in front of the pole faces, “thus
avoiding the distortion of the field magnetism that is
common in direct-current machines. This enables the
machine to commutate a larger current, and renders
it less sensitive to changes in lead of the brushes. It
also reduces the loss in the armature iron.

(5). The electromotive force delivered by a rotarv
may be varied over a wide range by adjusting the
electromotive force delivered to it, and it mayv be
varied to a slight extent through proper compounding
of the field or setting of the brushes.

(6). The clectromotive force for which a rotary
can be constructed depends upon its frequency; the
higher the frequency, the greater the number of poles
required for a given speed. On a j3000-alternation
circuit, a machine will run at 7350 revolutions if it has
four poles, while on a 7, 200-alternation circuit, there
must be ten poles for a speed of 720 revolutions.
The brushes on one machine rest on the commutator
at four points, dividing it into quadrants ; while on the
other machine they divide it into ten parts, so that
if the commutators be of the same diameter, the
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distance between brushes is much less in the high-
alternation machine. The number of commutator
bars, and, consequently, the electromotive force that
can be commutated, is also less. As the size of the
commutator is limited by the peripheral speed, it is
evident that the greater the number of poles, the less
is the electromotive force for which a machine can be
built. If the number of alternations remains the same,
it is not possible to increase the number of commu-
tator bars by changing the number of poles; for if
the number of poles be made half as great, then the
number of brush-holders is correspondingly reduced ;
but the diameter of the commutator must also be
reduced in the same proportion in order to maintain
the same peripheral speed. This makes the distance
between neutral points on the commutator the same
with the fewer poles that it was with the greater
number.

Mgr. Cray: Mr. President, [ move that the
thanks of this association be tendered to Mr. Scott
for his very able, interesting and instructive paper.

Mgr. Aver: [ second the motion.

Carried.

Tue Presipent: 1 declare the motion carried.
Mr. Scott, I have much pleasure in tendering to you
the thanks of the association for your paper.

Tur Presipent: The next item on the pro-
gramme is the deferred report of the Committee on
Standard Candle Power of Incandescent Lamps, Dr.
Louis Bell, Chairman.

Mgr. Aver: Mr. President, in the absence of
Dr. Bell, as chairman of the committee, I will read
the report.



REPORT OF COMMITTEE ON STANDARD
CANDLE POWER OF INCANDESCENT
LAMPS

The task that your committee undertook was to
draw up a suitable specitication for a standard incan-
descent lamp, and to devise a proper method for the
commercial application of this standard.

This problem divides itself into the three following
heads :

[. The determination of a standard of light and
the method of applying it under commercial con-
ditions.

II. The specification of a direct, simple and rapid
method by which the members of this association, and
other users of incandescent lamps, can apply such a
standard of light to the testing of commercial incan-
descent lamps.

IIl. The specification of a normal standard of
luminosity, to which commercial incandescent lamps
shall adhere.

The first task was the sclection of a primary
standard of light to serve as the basis of operations,
proper apparatus, and methods for its utilization for
the purpose in hand. There are in use as primary
standards of light a considerable variety of sources of
light, to wit: Two standard candles—English and
German ; three standard lamps burning definite sub-
stances under definite conditions—the Carcel lamp,
the Harcourt pentane lamp and the Hefner-Alteneck
amyl-acetate lamp; one standard @ gas light—the
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Methuen, and, finally, the Violle platinum standard—
one square centimeter of platinum at its point of
solidification. In addition, there are more or less
desirable forms of photometer.

Even assuming a standard light and method, the
comparison of an incandescent lamp with it may be
under all sorts of conditions and at all sorts of
angles. -

In this state of affairs, your committee requested
the co-operation of the American Institute of Elec-
trical Engineers, and, through the courtesy of the
Council, the problem was referred to the Committee
on Units and Standards. The following determina-
tions were presented by that body, in which your
committee, having discussed the matter in joint con-
ference, concurs:

A. The Hefner-Alteneck amyl-acetate lamp is
recommended as the primary standard, it being, on
the whole, the most reliable and uniform. It pos-
sesses the additional advantages of having been sub-
jected to most exhaustive tests, to determine its
behavior under different conditions, and of being
readily obtainable in standard form from an authori-
tative source.

B. The Lummer-Brodheim photometer screen is
recommended, as being well suited, from its great sen-
sitiveness, to exact and refined determinations.

C. [Itis recommended that, in testing incandescent
lamps by these means, the lamps be revolved on a
central axis at the rate of about two revolutions per
second. This process gives the mean luminosity in
the plane of revolution without a multiplicity of meas-
urements.

D. It is recommended that, in so far as the con-
ditions of commercial testing allow, the normal stand-
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ard incandescent lamp be rated in terms of its mean
spherical candle power.

It now became the task of your committee to put
these recommendations in such councrete form as would
most directly render them useful to the members of
this association and others interested in the evervday
work of testing lamps.

For easy and accurate photometric work it is
highly desirable that the lights compared should be of
nearly equal color and intensity. The Hefner-Alteneck
standard is of about one candle power, and has a
slight orange cast, so that, while giving very precise
results in careful hands, it is somewhat inconvenient
for rapid comparisons. Your committee therefore
recommend the use of the Hefner-Alteneck standard
to prepare secondarv standards for commercial use.
These standards should be incandescent lamps, of uni-
form shape, construction and character, standardized
with the greatest attainable exactness, and suitable for
direct comparison with commercial lamps. In testing
lamps by these secondary standards, the above-men-
tioned photometer screen being rather difficult of
manipulation for rapid work, we recommend a form.
of photometer designed specifically for use in connec-
tion with a standard method of measurement herein-
after described.

To avoid the complication incident to spinning
both the sccondary standard and the lamp being
tested, we advise placing on the socket of the secondary
standard a defining mark showing the direction in
which the directly-given light is exactly equal to the
mean determined by spinning. By placing this mark
toward the photometer screen and in the plane of the
photometer bar, onlv the lamp under test need be
spun. '

27
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It is obvious to your committee that the common
rating of incandescent lamps by their mean horizontal
candle power is objectionable, and should not be con-
tinued. In the first place, as incandescent lamps and
other lights are practically placed, one is invariably
below them, and hence, if their axes are vertical,
below the principal plane of illumination. If their
axes are tilted, we still get the full advantage of but
a portion of this principal plane. Secundly, it is,
unfortunately, only too easy to produce lamps in which
the maximum light is not only in the horizontal plane,
but which in all other directions give decidedly poor
illumination. Such lamps are practically of far less
than their rated candle power.

The ideal distribution of light would be a uniform
spherical one, except in so far as the socket might
prevent. In any ordinary position, such a lamp would
distribute at least half its light uniformly downward,
where it would be of most use. In practice, this
cannot be readily obtained, but it is easy to produce
a lamp that will give a fairly uniform distribution, at
least below the plane of the socket when the socket
is uppermost.

Rating lamps by mean spherical candle power will
strongly tend to produce lamps having such a distri-
bution. The measurement of mean spherical candle
power is, however, a very troublesome matter, and,
even under the most favorable circumstances, is a slow
process, not readily applied to commercial testing.

Your committee, therefore, cast about for a prac-
tical method of testing, such as would insure a good
and useful distribution of light and would be easy to
apply. In other words, how shall the light of a lamp
be measured so as to rate it as nearly as practicable
on its useful distribution of light?
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After looking into the distribution of light actually
given by commercial lamps, your committee believe
that the light given half way between the vertical and
horizontal planes forms the best simple criterion avail-
able. This can readily be measured by rotating the
lamp socket down, with its axis inclined forty-five
degrees toward the photometer screen and in the
plane of the photometer bar. This measurement gives
a fair mean between the horizontal and the vertical
illumination, and in most commercial lamps is a toler-
able approximation to the mean spherical candle
power. Furthermore, it insures a good downward
distribution of light, even in a lamp designed to meet
this particular method of mcasurement.

Your committee is fully aware that no simple
measurement can truly calculate the effective lumi-
nosity of all forms of lamp, but, recognizing that in
the rapid commercial testing of lamps a single simple
measurement is highly important, strongly recommends
this one as most nearly meeting the necessary con-
ditions.

By this process of simplification, we have reduced
the measurement to be made by the user of incan-
descent lamps to the comparison of two nearly equal
and similar lamps, of which only the lamp under test
has to be revolved.

Furthermore, in much commercial testing it is not
necessary accurately to determine the candle power of
the lamp under test. In most cases it is sufficient to
determine that it falls within certain definite limits
prescribed for the normal standard lamp. Hence, it
will generally not be necessary to make an exact set-
ting of the photometer screen, but merely to observe
the conditions existing when the screen is resting
against stops in two fixed positions, one correspond-
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ing to the minimum permissible candle power of the
lamp under test, the other to the maximum.

The actual process of testing would then be as
follows :

Having placed the standard lamp in its marked
position, and adjusted the voltage to its normal value,
the observer would then place the lamp to be tested
in its socket and spin it, having first pushed the
photometer screen against one stop. If the candle
power was all right on this test, he would pull the
screen against the other stop and look again. The
whole process need not take over fifteen to thirty
seconds, according to the skill of the operator, and
would show definitely whether or not the lamp fell
within the standard limits. Your committce will in
due season place in the hands of the secretary a full
specification for the making and use of a simple plho-
tometer, designed to be wused in the manner just
indicated. ‘

We now reach the third portion of our task, to
wit., the definition of a normal standard to which
commercial incandescent lamps should .conform. At
present, there is much confusion on this subject, and
we feel that it must be reduced to terms at least
simple and definite.

It seems to your committee inadvisable at present
to complicate the situation by introducing consider-
ations of efficiency, life, and variations of candle
power with life.  Efficiency—the candle power being
known—is settled at once by the application of a volt-
meter and ammeter, and the matter of life may
properly be left to the natural course of competition
for settlement. Variation of luminosity with time is
a matter of importance, and, after a general and uni-
form standard has been promulgated, may properly be
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considered. For the present, however, your committee
is of the opinion that attention should be confined to
the adoption of a standard specification for light
alone, and the production of suitable apparatus for
testing the fulfilment of this specification. To this
end, we believe it best to rate commercial incan-
descent lamps by the illumination obtained when the
lamp is spun with its tip inclined forty-five degrees
from the vertical, toward the line of observation, and
to specify the rating in candle power, this being the
most familiar measure of light, and definitely legalized
in some States. The ratio between the English
standard candle and the Hefoner-Alteneck lamp has
been accurately determined by several experimenters,
so that it is easy to pass from the latter to the
former, thus avoiding extreme unsteadiness when used
directly.

As a matter of manufacture it is very difficult to
produce a lamp of a given voltage for an exact speci-
fied candle power. FHence, certain limits must be set
rather than a certain definite candle power, and these
limits should be so drawn "as to meet the con-
ditions of manufacture and to insure a reasonably close
accordance with the rated intensity.  For an incan-
descent lamp rated at sixteen candle power (oblique
zonal, as above indicated), fifteen candle power for
the minimum and seventeen candle power for the
maximum afford limits fair to all partics concerned,
and these your committee recommends.

As to the method of procuring and distributing
the secondary standards to be used with the photometric
method  already outlined, the following is desirable :
Incandescent lamps of uniform shapes and in standard
sockets, with filaments uniform in shape and section,
in all respects unmarked, should be furnished by
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the lamp manufacturers to the standardizing committee.
These lamps should then be properly aged and
standardized at such voltage as may give precisely
sixteen candle power with the greatest possible pre-
cision, marked on the sockets with a reference line,
numbered, certified and dated. They should then be
turned over to the secretary for distribution at a price
covering the cost of standardization and handling.

Your comnmittee therefore recommends :

1. That® the standard sixteen-candle-power incan-
descent lamp shall be a lamp which, when measured
in rotation at about the rate of 180 revolutions per
minute, with its axis inclined forty-five degrees, as
herein specified, shall give not less than fourteen
and one-half and not more than seventeen and one-
half candle power, and that every ten lamps shall
average between fifteen and seventeen candle power.

2. That your committee shall be empowered to
make suitable provision, with the consent of the
executive committee, for the production of the
secondary standards, and to request the co-operation
of the American Institute of Electrical Engineers in
the formation of a non-partisan committee to super-
vise and certify said lamps.

3. That the secretary be directed to undertake,
under the direction of your committee, the procuring
of lamps for standardization, their distribution when
standardized, and the preparation and distribution of
the specifications of your committee for a standard form
of photometer and a standard method of employing it.

Respectfully submitted,

Locis BeLn, Chairman ;
Jas. I Aveg,
L. A. FERrGusoN,
Committee.
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DISCUSSION

MRr. Aver: I will state, in connection with this
report, that the theory is to have a form of incandes-
cent lamp specified that may be produced by the
different manufacturers, so made that it would be with-
out identification marks, and submitted and sent to
the secretary; these to be turned over in bulk to
some college testing laboratory, where the testing
process should be under the supervision of this non-
partisan committee of the association and of the Insti-
tute of Electrical Engineers. The Institute of Elec-
trical Engineers was loath to mix up with any com-
mercial transaction of this kind, but, seeing the
importance of securing some standard, and knowing
of the plan and suggestion that was offered whereby
they could co-operate, they have admitted their will-
ingness to take part in it in this manner. As to the
efficiency of the photometer—the arrangement of it—
it is proposed to make a specification of a photometer,
which would cost little, which would be handed over
to different manufacturers, and when made would be
submitted to this committee for its approval as to
being mechanically well made and suitable for the pur-
pose. This puts the central station man in a position
to have a photometer that can be easily operated by
any ordinarily intelligent station employ¢, easily deter-
mining the initial .candle power of the lamps com-
pared ; and if, later on, he cares to get life tests and
others, it makes it extremely simple to do so. Half
a dozen lamps of as many manufacturers, or any num-
ber of manufacturers, could be placed on the rack in
the station, subject to these working conditions, at
intervals of time after the first test, starting at the
same initial candle power within the limits mentioned,
and could be compared for life and quality as to the
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time limit. That is, you can get down ultimately to
putting the central station man in the position of
being able to know what the candle-power value of
his lamps is. (Applause.)

THE Presipent: Gentlemen, you have heard the
report of this committee. The report is now before
you for discussion. It is a very important one, and
should be considered and discussed very carefully, and
the association can then take whatever action it in its
wisdom deems best.

M&g. GarpeNER: | should like to ask if the report
has been printed.

MR. Aver: It will be a part of the proceedings.

Mg. GARDENER: | move that it be printed and
sent to the members of the association. I think it is
a very valuable report, and 1 should like to study it
more at leisure.

Mk. Srterson: I did not catch the idea whether
the base of the lamp, on forty-five degrees, was the
orifice or the dome.

Mr. Aver: The dome would be inclined toward
the screen, but the centre of the filament would be in
the vertical axis; that is, as shown by a plumb bob,
a line hanging down, getting the definite position of
the screen or its position for the standard of the
lamp—the position of the lamp. Nothing will be a
standard vertical except having a vertical line pass
through the socket. In this case it would pass
through the centre of the lamp, which would indicate
the average of the candle power of the lamp if there
were two standards actually being compared that were
both accurate. You would then get a perfect meas-
urement. It will lean toward it, but it won’t lean
over the line.  If it were placed over, we will say, a
sixteen-candle-power or a standard, it would not lean
over enough to run backward.
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MR. SteTtsonN: You want the line of sight to run
through the centre of the strongest illuminant quality
of the lamp?

Mr. Aver: Well, through the point where useful
illumination is developed, and where we want the
lamp at its best for commercial purposes. The theory
is, as evervone realizes, that a lamp gives its most
valuable results in its lower hemisphere; the lower
half of it is what we use for illumination. We do
not care much about the upper half, up near the
socket. Now, if the lamps in this test can be
improved in their illuminating qualities, they doubtless
will be, so that you will get a stronger and better
luminosity in the distribution of light in the usual and
natural positions in which lamps are used than you
can get with other methods of measurement.

Mk. SteTsoN: You recommend that the bar sup-
porting the lamp might have a motion that would
drop it into the strongest luminous position? Would
that be so? ‘

MR. Aver: Not to drop it. If reached, it would
be a fixed device, having a socket that would be
spun so that you would revolve it, but at an angle
of forty-five degrees. If measured horizontally, candle
power may give vou a very false value of a lamp. It
would show strongest in that position, while in this
position it would not be so strong, with the same
lamp, with vour arrangement of filaments so as to
get a fine strength of light in one single position,
particularly in the horizontal measurement, it would
not be nearly so effective as lamps that would not
measure as much in the horizontal plane.

Mk. Sterson: That will probably be shown in
the sketches and in the description of the photometer
contained in the report.
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Mr. Aver: Yes; that will be fully set forth,—
the detail working. It simplifies the method of find-
ing out what you have and what you use; and if
this report meets with your approval, I want some
member of the association to move that its recom-
mendations be adopted. The report calls for further
action on the part of this committee for carrying this
out. The report is worthless if it is simply accepted
and filed, because it means nothing so far as it has
gone. Here is a recommendation of the standard.
the thing that we were asked last year to do; and I
can assure you there has been a lot of work to it.
The deductions are all right. They are not oppressive
to the lamp manufacturers, but they are certain to
improve the standard quality of lamps, to enable the
station man to put out the poor lamps, and to
benefit, probably, the better class of manufacturers,
because it says, ‘“ We are trying to give you a better
profit;” and it is the consensus of opinion of the
representative manufacturers here that this is likely to
reach that result. ’

Mgk. Stersox: 1 should think you were pretty
liberal toward the lamp people in your arrangement
of fifteen and one-half to seventeen. I do not wish
to throw that out as a criticism, because you are very
much more thoroughly posted than I, but simply in
the way of discussion of the subject. I know that a
slight rise in the candle power of a lamp sends up
your area of useful work, your hour candle-power
capacity. You want to be careful not to.get it too
high, because you may have a lamp that will make
that area vet be a very short lamp.

Mg. InsurL: Do 1 understand that you want a
resolution adopting the recommendations of the com-
mittee? Don’t you want added to it a continuation
of the committee, or is this a standing committee ?
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Mg, Aver: I think it is considered a standing
committee until its duties have been completed. That
is customary in the association, like our committee
on rules for wiring, and all that sort of thing. Thev
are considered standing committees. I think, and are
not discharged unless the report completely covers the
work.

Mgk. INsvrL: 1 move a resolution that the report
of the committee be accepted, and that their recom-
mendations be adopted by the association, and, if
necessary, that the committec be continued.

Mg, WiLmerpiNGg: [ just want to ask for infor-
mation,—from my recollection, when this committee
was appointed it seems to e that there was a pro-
vision in the resolution that the Society of Electrical
Engineers should also be consulted.

Mrg. Aver: The report calls for that; that is part
of the whole scheme.

Mk, WiLmerpING: Do | understand that they
concur in the report?

Mgk. Aver: Well, not in our report, but they
make recommendations, upon which this report is
based, as to determining the standard.  They have
fixed it, and we have made the report in accordance
with their suggestion for a primary standard.

Mgk. Ruorenasmern: 1 understood that the object
of this resolution was to get at some standard light.
and that was to be about the extent of the present
provision; so that when a sixteen-candle-power lamp
was ordered from anv of the different manufacturers,
we should have a means of obtaining from the people
holding the standard, a standard from which we were
to reckon our light. 1 have not heard all of the
discussion, and 1 do not know whether the report
goes further in regard to the incandescent.
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THE PresipENT: Mr. Rhotehamel, I am sorry
you did not hear the discussion, but I must inform
you that there is a motion before the chair that the
report be received and adopted and the committce
continued, so that you will have to speak to the

resolution.
MR. SeeLy: Before that motion is put, I should

. like to ask who is paying the expenses of the com-
mittee ?

MRr. Aver: It is under the supervision of the
executive committee of the association. They levy
and coatrol it, as has been customary with all similar
work. I will state for Mr. Seely’s benefit that there
is no opportunity here for any expense that is material.

Tue PresipenNT: Does any other member wish
to speak to the resolution? You have heard the
resolution. Is it your pleasure that the motion be
declared carried? All in favor say aye. Contrary.

I declare the motion carried.

THe Presipext: Is there anv other business to
come before the regular convention before we adjourn
to meet in executive session ?

Mr. SeerLyv: I move that the secretary be
instructed to prepare a set of resolutions for the
retiring president, as is customary in our association.

Mk. WiLMERDING: [ second the motion.

(Mr. Ayer in the chair.)

The chairman put the question, and it was deter-
mined in the affirmative.

(President Nicholls in the chair.)

The Presipext: Is there any other business to
come before the regular convention ?

Mk. Insvrr: I am under the impression that the
record does not show a vote of thanks to Mr. White
for his paper vesterday. It may be that I was not
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paying particular attention when it passed, but that is
my impression.

THe PresipExT: | am under the impression, Mr.
Insull, that it was passed. At all events, I think the
point is well taken. If there was such an oversight,
I think it should be corrected, and that there should
be a vote of thanks inscribed on the minutes, to
appear in its regular order in the proceedings of this
convention.

Mk INstrr: I meant to raise the point yesterday
afternoon, but forgot it. 1 do not think the resolu-
tion was passed.

THe PresipeNT: Your wish is, sir, to have it
inscribed on the minutes in its regular order?

MR. Ixsvrr: Yes; I make a motion to that effect.

THe Presipenxt: | do not think we need take a
vote on it at all. It is simply a question of prece-
dence.

(The vote of thanks to Mr. White was passed at
the third session of the convention, having been
moved by Mr. Ferguson and seconded by Mr. Seely.)



COMMITTEE ON AMENDMENTS TO FREIGHT
CLASSIFICATION OF ELECTRICAL
APPARATUS AND GOODS

Mk. Aver: Mr. President, may I call attention
to the matter of freight classification? The freight
classification on electrical merchandise is out of all
reason ; that is to say, there is no discrimination.
You can ship a dynamo frame with no wire on it
just a simple piece of casting, and you have to pay
freight on it as electrical merchandise at double first-
class classification. Where plants were installed it was
very common for the manufacturer to sell the goods
installed. I still think we pay the freight; we are
the buyers; and we certainly are all interested—all
central station men are, and other purchasers, as well
as the manufacturers, in having equitable rates made—
in having electrical goods properly classified. Theyv
put all classes now under the highest class. I would
suggest the appointment of a committee to take this
matter up with the chairman of the Traffic Associ-
ation, with a view of revising the freight rates. It is
a pertinent thing, I think, for this association to do.

THe PresipENt: Would you appoint a special
committee, or leave it to the executive committee ?

Mr. Aver: A special committee, I think. The
executive committee wouldn’t attend to it, from my
past experience.

Tue PresibeNtT: 1 would suggest that Mr. Ayer
add this to his resolution: A4 special commattee, to be
appointed by the incoming president, as the work will
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be attended to during his regime ; if it is so under-
stood I will put the motion in that form.

Mgr. AAvER: | should be very glad to amend the
motion in that wav.

Mk, Seery: 1 second the motion.

Tur PresipENT: It is moved by Mr. Ayer, sec-
onded by Mr. Seely, that a special committee be
appointed by the incoming president to take up the
question of amendments to the freight classification
on clectrical apparatus and goods. s it vour pleasure
that the motion carry ?

Carried.

Tue Presipent: Before we adjourn definitely,
there is one matter that 1 want to bring before mem-
bers of the association. I want to refer to the great
loss that the association has met with during the past
vear in the death of our esteemed active members,
Mr. Harrison J. Smith, of New York, and Mr. J. M.
Orford, of Boston. Thev were always with us; they
were, | think, in attendance at cvery convention. We
knew them as friends; we admired them as business
men and as men foremost in their respective callings.
Although it is not necessary to adopt any formal reso-
lutions, I thought it not fitting that this meeting
should close without some reference by the chair to
the loss that the association has sustained.

If there is no other business, a-motion to adjourn
will be in order, and the active members will remain
for executive session,

On motion of Mr. Seely, duly seconded, the con-
vention then adjourned to executive session.



EXECUTIVE SESSION

THE PresiDENT: The first order of business is the
report of the secretary and treasurer. Mr. Seely, as
chairman of the finance committee, practically the
treasurer, made that report during the opening session.
Unless he has anything further to add, we ,will con-
sider that report as already received and adopted.

MR. SeerLy: I have no further report to make,
Mr. President.

Tue PRresiDENT: The next is the report of the
executive committee. It will not be necessary in this
case, I think, to make any report, because the interim
reports that you have received from time to time
have explained as fully as possible the work that has
been undertaken by the executive committee during
the past year.

The next order is the election of officers. I would
ask the nominating commiitee appointed this morning,
consisting of Mr. Huntley, Mr. Fairbanks and Mr.
Seely, if they are ready to make their report.

Mr. Hu~NTLEY: Mr. President, your committee
have met, and we beg to submit the following nomi-
nations :

FFor president, Samuel Insull.

First vice-president, A. M. Young.

Second vice-president, George R. Stetson.

For members of executive committee: W. Worth
Bean, St. Joseph, Michigan; W. McLea Walbank,
Montreal, Canada; I5. A. Gilbert, Boston, Massachu-
setts; E. H. Stevens, Elizabeth, New Jersey.
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MRr. HunTLEY : I move the adoption of the report
Mr. President.

MR. Aver: [ second the motion.

THE PRrESIDENT: You have heard the motion by
the chairman of the committee, seconded by Mr. Ayer,
for the adoption of the report of the committee on
nominations. Is it your pleasure that the nominations
be received and adopted and the gentlemen recom-
mended for election be hereby declared elected? All
in favor say aye; contrary, if any.

Carried.

THE PresipENT: 1 declare Mr. Samuel Insull
elected president; Mr. A. M. Young, first vice-
president; Mr. George R. Stetson, second vice-presi-
dent; Mr. W. Worth Bean, Mr. W. McLea
Walbank, Mr. F. A. Gilbert and Mr. E. H. Stevens,
as members of the executive committee; all elected
unanimously.

There is one point not referred to by the chairman
of the committee. Three of the members of the
executive committee are to hold office for the full
term ; one member is to be elected for the unexpired
term of Mr. Young, Mr. Young having been eclevated
to the position of first vice-president. Are the com-
mittee prepared to amend the report, or to state how
they intended the matter to be arranged? 1 presume
that the last onec mentioned is to fil Mr. Young’s
unexpired term.

Mr. HentLEvy: That matter was not considered ;
in fact, it was an oversight on the part of the com-
mittee, and inasmuch as at other times the secretary
has cast the ballot for those who were named for the
respective years, 1 would suggest the same course in
this instance.

MR Seery: It has been customary, Mr. President,

28
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that the last named should serve for the unexpired
term.

THE PreEsiDENT: That is the reason I suggested
this; I know that has been the rule. Was that your
intention as a member of the committee ?

MRr. SeeLy: That was my intention, Mr. Presi-
dent.

Tue PresipENT: Mr. Fairbanks, was that your
intention ? ) '

MR. FairBanks: Yes, sir.

THE PresipENT: Can we then consider that that
was the intention of the committee, and so declare?
Is it your pleasure that I so declare it? All in favor,
say aye; contrary, if any.

Carried.

Tue PresipENT: 1 declare Mr. Stevens a mem-
ber of the executive committee to serve for the
remainder of Mr. A, M. Young’s unexpired term.

THe PresiDENT: Mr. Insull, I have very much
pleasure, sir, in inviting you to a seat upon the plat-
form. I am sure the members would like to hear
from you.

Mr. InsurLr: Mr. President and gentlemen, 1
appreciate very highly the honor you have conferred
upon me in electing me to occupy the important
position of President of the National Electric Light
Association for the ensuing year. 1 appreciate it the
more because I am personally acquainted with so few .
of you. All I can sayis that I will do my very best
to serve the interests of the association, and I do not
think that those intervests can be better served than
by continuing the policy of the aut-going administra-
tion under the able presidency of Mr. Nicholls. I
must say that I feel some hesitation about taking up
the duties that will fall upon me in having to follow



419

a man who, from long acquaintance, I know has
great ability and is very aggressive in trying to
accomplish what he has set himself to do.

I do not think that you want a long speech from
me at this time, but I wish you to understand that
my appreciation is none the less because my remarks
are short.

THE PRresibeNt: Mr. Young, the chair would
like to introduce our first vice-president-elect in his
new capacity.

Mgr. Younc: Mr. President, gentlemen, 1 can
hardly find words to express the appreciation I feel
for the honor conferred upon me, and I shall endeavor
to aid our president in every way I can to increase
the benefits of this association to every member.

THe PresiDENT: Mr. Stetson, it is your turn.

MR. SteTsonN: Mr. President and gentlemen, in
passing the table to-day at which were seated the
committee chosen to nominate your officers, I was
called to onc side and the chairman informed me
that I had been placed in nomination for this position.
I told him it reminded me very much of the story
of the man in Colorado who was tried for murder,
and after the jury had been out for ten minutes, a
man stuck his head in at the window, and said they
didn't want to hurry the jury, but they would be
pleased to have the room to lay out the corpse in.
It seems to me that my election tc this position is
an honor that I had no right to expect. While I
am very much interested, and while I suppose there
is not a man in this country that more admires the
intellectually ability of the gentlemen that are repre-
sented in this cause, at the same time it seems to me
that this must be considered as an honor conferred
upon me such as I can expect in the natural course
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of things to receive but few more of, and I certainly
appreciate it very fully.

THe PresibENT: Gentlemen, is there any other
business to come before the meeting in executive
session ?

Before a motion to adjourn is made, in retiring
publicly from the position of president of the associ-
ation, I wish to extend my thanks to the officers of
the association for the way in which they have aided
me in my efforts during the past year. I also wish
to thank most sincerely and heartily the members that
have been present at the convention for their regular
attendance at the meetings, for the orderly way in
which the meetings have been conducted, and for the
hearty manner in which they have shown their appre-
ciation of whatever efforts I have been able to make
as your presiding officer. I also wish to thank the
gentlemen who, at the sacrifice of a great deal of time
(because I know what time it takes), have prepared
for us the several interesting papers that have been
submitted at this convention. In fact, they have been
so interesting that I regret that the convention is not
to remain at least one day longer in session, so that
each of the papers could receive the discussion that
it deserves and which would be edifying to everyone
present. In retiring from the position to which you
elected me, I wish to thank you all again very heartily.

A motion to adjourn will be in order.

On motion the convention then adjourned.
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an insatiable, twenty-four desire for more territory
and more trade.

A brief retrospect will not be out of place, if
followed by a study of the present situation. It is
as well not to go back further than 1886, for,
although arc lighting is a full decade older than that,
the industry ten years ago took its great leap forward.
A careful investigation shows that, in 1886, there
were about 410 central stations in this country. Of
these, only 300 furnish available statistics, and it would
appear that 226 of the companies were then only
doing a night arc lighting business. It is safe to
assume that all the companies which did not report
were in the same category as the 226; so that, out
of the 410 local companies, some 325 were doing
business only between dusk and daylight, and were
standing idle all the rest of the time. In other
words, taking the year through, they were idle nearly
two-thirds of the day, if the average running be taken
at 3,000 hours a year. '

To what degree have these conditions been improved
in the ten years? This is an extremely difficult ques-
tion to answer, but a few tentative figures may be
acceptable as a basis for study and discussion. At
the close of 1896 there were about 2,400 central sta-
tions in operation in this country, so that in ten years
the number had increased sixfold, a gain that is simply
stupendous. Of these 2,400, however, 975 had, from
the figures obtainable, no day circuits, and 220 others
had only arc apparatus, so that 1,195 local companies,
by their own admission, were limited to night work.
The case is not, however, so encouraging as might be
implied from these figures. Of the remaining 1,200
companies, only 327 report day circuits, and if it is safe
to assume that half of the goo companies and plants not
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for alarm, or intending to imply that a business is
necessarily on a bad basis because limited to a few
hours, it is not improper to inquire whether there is
no chance for improvement. It can not be said that
local lighting companies have become notorious, like
some gas companies, for paying large dividends; so
that a slight amelioration of financial condition niight
not be objected to. Even trolley roads, running every
hour of the day, find it difficult, sometimes, to make
ends meet, but they have the satisfaction of a con-
tinuous use of their plant and of knowing that they
get all the business that offers. If there is any
sufficient reason why a local lighting company should
operate its generating machinery fewer hours than a
trolley road, it has not made itself specially manifest,
except in one direction, which will be briefly referred
to in a later paragraph. I believe every gas company
is on a twenty-four-hour basis of supply.

' If the stationary motor work, whose claims I
ventured to urge on this association eleven years ago,
had been left to the local lighting companies, I fear it
would not have made much headway. The 327 and
other companies with day circuits do an enormous amount
of power work, but a careful analysis of somewhat
incomplete data would lead one to believe that the
isolated plants are the real backbone of the electric
power industry to-day. Why this should be so, it is
difficult to explain, except on the hypothesis that
station current, when obtainable, often costs too
much, and is generally not obtainable. It will, I trust,
be understood that this paper is not offered in any
wise as a criticism of central station management, but
simply a presentation of the puzzling facts that con-
front students of the situation. No one can know
the inwardness of the problem so well as the central
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station manager himself, and no one can be more deeply
interested than he in dealing with it wisely and well.

It might be said that, in a general survey, four
new factors have presented themselves in the last ten
years for the consideration and approval of the central
station manager. These are motors, alternating-
current supply, storage batteries and electric heating.
The alternating current is, for most stations, still
restricted to night-work, and will be, probably, until
more single-phase motors of successful character are
on the market. This form of current has given such
a tremendous stimulus to lighting that it deserves a
wider range of usefulness, so that, in time, alternating-
current stations may compete with direct-current
stations as earners of dividend. )

Allusion has already been made incidentally to
motor work. What is possible in this direction is
best judged from what the large stations do. Of
course, this is in some respects an erroneous guide,
but in the same manner as great men are exemplars
for those of less heroic bulk, so the large stations
indicate the actual possibilities, even for a lower plane
of execution. The following are figures of a large
western central station, showing the horse-power of
motors connected to the circuits, and the percentage
that the power consumption bears to the total output.
The data come down to March 31, 1897.

LOW TENSION.

Power connected April 24, 1897....... .. ..o it 5.396 horse-power.
Power per cent. of the total output........ . «es «.. 23.1 per cent.

) HIGH TENSION,
Five hundred-volt power connected April 23, 1897....1,§66 horse.-power.
Power per cent. of high-tension output .............. 21.4 per cent.
ALL SYSTEMS.

Power connected April 24, 1897 .....cciiviiiniiinaas 6,962 horse-power.
Power per cent. of the total switchboard output...... 23.8 per cent
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Another example is to be found nearer home, in
the work of the New York Edison company. The
motors to which that company supplied current. from
its distributing mains. represented, on January. 1,
1896, a total installation of 11,640 horse-power. On
January 1, 1897, the motors connected were the
equivalent . of 15,930 horse-power, an increase : of
motors - connected in. a single year of 4,290 horse-
power, or - thirty-six per cent. This does not include

an installation equivalent -to 1,142 horse-power. in
‘motors, to.which currént is supplied from. the New
- York -Edison stations ' during minimum . hours, or for
emergency .and break-down connections. - It will be
secn -that this brings the total horse-power in . motors
connected to the company’s mains up “to. 17,072
horse-power. The average size of these motors is
-from -three and one-half to four horse-power. Of the
total motors connected it is estimated that about
5,000 -horse-power, equivalent, is installed in con-
-nection with direct electric elevators and grip hoists.

In order that the idea should. not go abroad that
the big companies are monopolizing the power busi-
ness, but that it is open to all, I would mention
that in Massachusetts, where there is only one large city,
no fewer than eight companies out of fifty-eight are sup-
plying power from their arc circuits; eighteen from
incandescent circuits, and twenty-nine from independent
power circuits; the total being about 14,000 horse-
power of motors on the circuits. The asking rate for
kilowatt hour averages about twenty cents, but runs
down as low as ten cents.

Turning next to storage batteries, it is not my
intention to agitate old discussions, but simply to give
a few figures, which would go to show that the bat-
teries may do more than perform the Alpine feat of
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taking care of the peak of the load. There are at
the present time in America—I blush to give the
figures—only fifteen central stations using batteries,
with a total capacity of 25,000 horse-power hours
output. Four other stations are being equipped. 1
hope devoutly that some future chronicler will be
able to report that 1,500 stations are equipped with
batteries, and that by their reservoir capacity they
have answered in the affirmative the question whether
their life was worth living. What batteries can do is
best exemplified by the Duane street station of the
New York Edison company, one of the biggest sta-
tions in the world, with an engine and generator
capacity of 20,000 horse-power. The load during
minimum hours, I am told by Mr. J. W. Lieb, Ir,
the general manager of the company, is such that
it can be supplied in that period from the storage
battery annex at the Bowling Green Building in
the southern tip of the tongue of Manhattan
Island; or from the storage battery plant at the
Twelfth street station, either alone or in conjunc-
tion with current supplied from the Twenty-sixth
street station over the feeder tie lines. The supply
of stored current from the batteries in the annex
stations during the minimum hours enables the big
Duane street station to be shut down every night
from 10.30 p. m. to 5 a. m.—nearly seven hours; and
on Sunday the operation of the gencrating machinery
at Duane street is limited to one watch. [ do not
hold a brief for storage batteries, but in view of
such facts it is hardly possible to do other than
press their claims on the attention of central station
managers.

A word in conclusion as to electric heating.
When 1 hazarded, eleven years ago, before this
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body the expression of an opinion that motors
ought to be pushed, it was regarded in many
quarters as premature and visionary. From a con-
servative standpoint, it was so undoubtedly; but
in everything success is not to be gauged by the
point you are at. The real test is the way you are
going; and if the tendency is right, all else that is
‘desirable comes in due time. Now, in central station
work, we can and must recognize but one tendency
as the underlying and ultimate; namely, to increase
the demand for current, and whatever does that is to
be welcomed. To-day, electric heating, using that
term in its generic sense to cover a variety of uses
and purposes, stands. just where electric power did
ten years ago. It is a parvenu, hardly admitted or
recognized in good electrical society, but a ‘pushing
young particle” that there is no snubbing or sub-
duing. Much more recently than ten years ago, I
was involved in a hot daily newspaper controversy in
New York, with the object of proving that electric
power had the ghost of a show; and now the advo-
cates of electric heating are similarly put on their
mettlee. The main argument they have to contend
against is an elaborate formulation of caloric theories
and laws, all going to demonstrate the terrific loss
and cost of heat units when delivered electrically to
the man who wants them.

It is said that, with current sold on the basis of
twenty cents a kilowatt hour, no business can be done
in heating, and that, even if the price be cut in two,
the inducement to possible customers is not great. If
this were true, the matter of price of current might
forbid the operation of a single fan motor from cen-
tral stations. Making a rough calculation of one cent
per hour for the ordinary fan motor, that is ten
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cents a day for ten hours steady running, or, say,
$3 per month or $36 a year. Allowing twelve
such motors to the horse-power, the local companies
are selling current to thousands of willing cus-
tomers in the summer time at the rate of $430 a
vear per horse-power, for a working day of only ten
hours. Other quotations can be made showing the
high price got readily for current in small quantities
from purchasers who are perfectly satished with the
bargain, and find it pays them also very handsomely
in some element of comfort, pleasure, convenience or
even economy..

A test taken three years ago, for twelve weeks, of
current consumed in cooking a dinner of several dishes
daily for a large number of persons, showed that for
ninety-seven persons the current fell as low as 307
watt hours per person. This would make 29,779 watt
hours, or, in round figures, thirty kilowatt hours. At
ten cents per kilowatt hour, that means an expense
of $3 per day, or, say, $9o0 per month. It will, of
course, be objected that, in a great many isolated
plants, the current made on the spot does not cost
to exceed five cents per kilowatt hour, which would,
in the building where the test was made, have
brought the sum down to $45. I have tried to
get some basis of comparison between this and an
equal amount of work on a gas-stove or range, for
an cqual number of persons, but it is not easy to
obtain. In one family I know, which consists of six
persons, they have been cooking by gas for some five
years. It costs, with gas at $1.25 per 1,000 cubic
feet, on an average, $5 to $6 per month, or from
sixteen to twenty cents per day, or about three and
one-half cents per head per day, if all are at homc
to every one ‘of the three daily meals, which is far
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from being the case. If the same expense averaged
for the ninety-seven persons for three meals daily,
the outlay for gas in cooking would be between $g0
and $100 per month, or about as much, if my
figures are approximately right, as electricity would
‘ cost, if the current were supplied at five cents per
kilowatt hour. This is certainly a very encouraging
showing for electricity, but we must not forget that
central stations do not exhibit much anxiety to sell
their. current at five cents per kilowatt hour, or even
per horse-power hour, and this is one reason why
isolated plants have multiplied so tremendously in
our, cities. I might add, as one point of interest,
that, when the family I mention began to cook
with gas, it bought a gasrange for $25 and paid
$2 or $3 more to get it set. The range has worn
out, and the family is now hiring a good one from
the local gas company for $3 a year.

- From these crude remarks of mine, it will be
seen how sadly tentative and experimental the art of
electric cooking is for most of us; but is it not the
duty of the local lighting companies to go into this
matter and see how far they can foster the new art,
by introducing the apparatus and furnishing current
for it cheaply? Even if the price falls short of $430
per horse-power per year, for ten hours a day only,
they should not feel discouraged.

I have spoken of cooking, but this is but one of
many fields of usefulness for electric current heating
supply. Our esteemed ex-president, Mr. J. I. Ayer,
who has placed at my disposal much interesting data
that I can not produce here, for lack of time, gives me
also a variety of information as to work that has
lately fallen within his sphere of practical attention
as representative of a large electric heating company.
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Their work includes a wide extent of shoemaking
machinery, heated silk-finishing rolls, leather-working
machinery, 387 curling-iron sets in the dressing rooms
of the combined Waldorf and Astoria hotels, in
New York city, seventy-two sets in the Parker
House, Boston, and apparatus in the Plankinton and
Pfister hotels, Milwaukee, as well as on the Ameri-
can line steamers across the Atlantic. It would not
be fair to omit the 14,000 car heaters installed, of
one make alone, in the past year and a half. A
blank-book manufacturer has had in use since 1894
from thirty-five to forty electric glue pots, and Duryea
& Co., the starch-makers, are also users of elec-
tric heat apparatus. In Knabe & Co.'s piano
factory, at Baltimore, twenty electric heaters have
recently been placed; and there is a long list of
clothing houses throughout the country that use
clectric irons. The same is truec of vulcanizers for
bicycle tire agencies and factories, while irons in
large numbers have been supplied to State asylums
in Indiana, Michigan, Wisconsin, Illinois, New York,
Massachusetts, Maine and Maryland. It is simply
impossible that all this apparatus should have been
put in, unless it was economically or practically worth
whilc; and this being so, is not the electric heat
field one in which the local companies can now
begin to work with advantage? Surely, here lies
opportunity of the largest kind, to help the intro-
duction of apparatus that must serve as a large
customer for current at all seasons of thc vear.

The subjects 1 have brought up are perhaps
inexhaustible, but, in spite of the labor and tax on
scant leisure involved in collating some of this data,
I shall be repaid if in the smallest degree a stimulus

is given to central station work and prosperity.
29
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I feel sure that whatever remarks I have made will
be accepted in the spirit that prompts them—one of
heartiest good wishes for the welfare of the typical
comprehensive industry of the age—that of the electric
central station.



PRESIDENT'S INTERIM REPORT

Dear SirR: When elected president of your
association, I fully realized that much useful work
might be accomplished during the interval between
conventions, and have earnestly endeavored since our
last annual meeting to initiate and, with the assistance
of our secretary, to conclude certain matters which I
am hopeful will be approved of by our members, and
upon which I now have the honor to report as
follows :

RELATIONS BETWEEN MANUFACTURING AND CENTRAL
STATION COMPANIES

At our last convention the Committee on Relations
between Manufacturing and Central Station Companies
was discharged, and the executive committee author-
ized to take such action as might, from time to time,
be found necessary, in an endeavor to protect its
active members from having their investments in
central station companies destroyed, or seriously
impaired, as a result of ruinous competition, directed
or fostered by the manufacturing companies. At an
early period of my administration, such a case arose,
in a western town, as justified prompt and energetic
action on the part of your association. After consul-
tation with the members of the executive committee,
I placed the views of our association, as to this
particular case, and as to unwise and unwarranted
competition in general, before the executive officers
of the following manufacturing companies :

Ball Electric Light Company,



436

Brush Electric Company,

Fort Wayne Electric Corporation,

General Electric Company,

Royal Electric Company,

Siemens & Halske Electric Company,

Stanley Electric Manufacturing Company,

Western Electric Company,

Westinghouse Electric and Manufacturing Company.

The details of our negotiations, by correspondence
and in some cases by personal interview, are too
voluminous to here set forth, but it is with much
satisfaction that I am able to report that each of these
companies, with the exception of the Ball Electric
Light Company, has given favorable consideration to
the representations made on behalf of your association,
and I have received, in writing, such satisfactory
assurances, regarding not only the particular case in
question, but also as to their future general policy,
that I am hopeful of good results. Should, however,
any active member have reasonable cause for com-
plaint, he should forward full corroborative details to
our secretary, and the association will take prompt
and energetic measures, if the circumstances warrant
such action.

MUNICIPAL LIGHTING STATISTICS

Being aware that no recent and reliable statistics
of the cost of arc lighting in the cities and towns
were available for use by members of the association,
I some time since instituted correspondence with the
municipal authorities of each city and town in the
United States, with the object of securing from official
sources and by official authority reliable information
from each place as to (1) the number of arc lamps, (2)
their candle power, (3) the hours of burning, (4) the
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cost per lamp per night. Accompanying this report
you will receive, in pamphlet form, a preliminary
bulletin, containing such information from over four
hundred cities and towns, which list covers a very
large majority of the principal installations. A supple-
mentary list, containing similar information in regard
to places now omitted, is in process of compilation,
and will be issued to members at an early date. It
frequently happens that when a contract is to be
renewed, local papers publish very misleading figures
concerning prices paid for arc lights in other munici-
palities, and as these statistics are of the months of
June and July, 1896, they are reliable and up to date.

LAWS AFFECTING ELECTRICAL COMPANIES

We have been in correspondence with the secre-
taries of state for each of the states in the Union,
with a view to making arrangements to have regularly
forwarded to the association copies of all bills intro-
duced in any state that may deal with the rights of
electrical companies. 1 am much pleased to be able
to report that a large majority of the states have
acceded to our request, and several have already for-
warded copies of all bills passed during the past session
of their legislatures, while others have promised to for-
ward any that may be introduced during future ses-
sions. These will all be filed in the secretary’s office
for the sole use and advantage of the members of the
association.

REVISION OF CONSTITUTION

As the only printed copies of the Constitution and
By-Laws of the association did not contain recent
additions and amendments, revised copies have been
published, and may be obtained from the secretary.
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REPORT OF PROCEEDINGS OF NINETEENTH CONVENTION

The report of the recent convention held in this
city is now in the printer's hands, and will be deliv-
ered to members not later than September 1st, next.
There has been some unavoidable delay, caused by
speakers at the convention failing to revise the steno-
graphic copy of their remarks, but, so far as my
memory serves, it will be issued much in advance of
previous reports.

IMPROVED OFFICE FACILITIES

The office of the association being too small to be
of service to our members visiting New York, the
chairman of the finance committee made arrangements
to rent the adjoining office, with the special object of
providing a room for the use of our out-of-town mem-
bers. The office is centrally located in the downtown
business district. Members can use this room for
meetings, appointments, etc., and their letters and tele-
grams can be addressed here. As the records of the
association are increasing in number, two new book-
cases have been provided, and already contain many
books of reference.

In conclusion, I wish to bear testimony to the
zeal of our secretary, without whose enthusiastic
co-operation it would have been impossible to have
accomplished so much in so short a time. I also have
to request that members will aid me, by suggesting
any action that may promote the welfare and add to
the usefulness of the association.

Yours faithfully,
FrEpERIC NicHOLLS,
President.
NEew York, August 1, 1896.



PRESIDENT'S INTERIM REPORT, NO. 2

DEear Sir: 1 have to advise you that, since issu-
ing my first Interim Report in August last, the
officers and executive committee of the association
have been actively engaged in endeavoring to pro-
mote the interests of the association and its mem-
bers. There have been many services performed for
individual members, which, being more or less of a
private nature, are not set forth herein, this report
dealing more directly with the public policy of the
association and such other matters as may be of
value to the electric lighting interests in general.

INCREASED MEMBERSHIP

I am pleased to report that a number of new
members have been added to the roll of the associ-
ation within the past few weeks, and that the pros-
pects are that, before our next convention, we shall
have a larger active membership than at any time
previous; and our secretary, who has just returned
from a visit to a number of central stations, reports
that an active interest is being taken in the work of
the association.

MUNICIPAL LIGHTING STATISTICS
In August last we issued to members, for confi-
dential use, a preliminary report of the cost of arc
lighting in the cities and towns of the United States,
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and promised a supplementary report at an early date.
This supplementary report has been incorporated with
the preliminary one, and the bulletin containing these
statistics has been compiled with an end to handy

reference, and is most complete. A copy is herewith
inclosed.

REPORT OF COMMITTEE ON DATA

The most important standing committee of the
association has been the Committee on Data, and it
has been a matter of regret that the self-sacrificing
efforts of its able chairman, Mr. H. M. Swetland,
have not heretofore met with the support to which
they were entitled. The information for the guidance
of the committee was sought to be obtained in the
past by correspondence and the filling out of blank
forms, but always with discouraging results.

This year, with the approval of the executive
committee, a different course has been adopted. Mr.
Swetland and myself have had several conferences
regarding the matter and scope of the report for our
next convention, and a practical engineer of high
standing has been retained to personally visit a number
of central stations in the East and West, and gather
from first hands the information we have decided
upon as being necessary. I have this week carefully
reviewed such portions of the report as have been
completed, and can promise our members that it will,
in my opinion, when completed, be the mosi valuable
publication yet issued by the association. It will be
printed in book form, and will, I hope, be ready for
distribution on or about March 1st, next, so that
members may have ample time to prepare for its dis-
cussion at the convention.



441

CONSOLIDATION OF LIGHTING AND RAILWAY
INTERESTS

While admitting that there is plenty of room for
widely divergent views as to the benefit, or otherwise,
to those interested in a consolidation of the National
Electric Light Association and the American Street
Railway Association, I considered that the present
was an opportune time for the discussion of the sub-
ject, and wrote Mr. H. M. Littell, president of the
latter association, suggesting a conference. A letter,
of which the following is a copy, has been received
from the secretary :

OFFICE OF

THE AMERICAN STREET RAILWAY ASSO-
CIATION,

2020 STATE STREET,

“CHIcAGo, September 21st, 18g6.

“ FrReperic NicHoLLs, Esq.,
*“ President National Electric Light Association,
“ Toronto, Ontario.

“Dear Sir: The following is an extract from the
minutes of a special meeting of the executive com-
mittee of the American Street Railway Association,
held in New York City, September gth and 10th, 1896 :

*‘A letter from Mr. Frederic Nicholls, of Toronto,
Ont., President of the National Electric Light Asso-
ciation, relating to the matter of the consolidation of
the two associations, was read, and the secretary was
instructed to notify Mr. Nicholls that the executive
committee would be willing to have Mr. Nicholls
appoint three representatives of the National Electric
Light Association, engaged exclusively in the lighting
business, to confer with threc representatives of the
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American Street Railway Association, engaged exclu-
sively in the street railway business, and that those
gentlemen consider the subject fully.’

“Yours truly,

(Signed) “T. C. PENNINGTON,
“ Secretary and Treasurer.”

I have appointed the following active members of
our association: Mr. W, S, Barstow, Brooklyn, New
York: Mr. Henry Clay, Philadelphia, Pennsylvania;
Mr. Chas. E. Scott, Bristol, Pennsylvania, to confer
with the gentlemen to be appointed by the American
Street Railway Association.

LEGAL OPINION REGARDING THE RIGHTS OF LIGHTING
COMPANIES TO USE OF STREETS FOR
OVERHEAD WIRES

The following request for information was recently
published in a New York electrical journal:

“We are having trouble with house movers cutting
our wires, claiming that they have a right to the high-
way. Our attorney here does not find any law bear-
ing directly on this trouble, and we wish to make
them stop bothering us if the law is with us. Please
cite us to where we will find cases of this kind decided,
and any other information relating to same will be
thankfullv received.

“Yours respectfully,

“ McPHERSON WATER AND ELEcTRIC COMPANY,
“J. E. WricHT, Manager.
** McPHERrsoN, Kansas, September 15th, 1896.”

The correspondent was referred by the editor to
the secretary of the National Electric Light Associa-
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tion as being the most likely source from which to
procure the information desired. Although this is one
of those questions usually considered private, and the
information sent direct to the inquiring member, I
have thought that an opinion on the rights of central
station companies to the use of the streets for the
purpose of stringing wires would be of interest to our
members generally, and therefore submit herewith an
opinion from Mr. Eugene H. Lewis, of the legal firm
of Messrs. Eaton and Lewis, of this city':

OPINION

S. B EATON. LAW OFFICES OF ) EUGENE H. LEWIS.
EATON & LEWIS,
44 Broap STrReetr (EpisoN BuiLping),

“New York, October 2d, 18g6.
“ FRepeEric NicHoLrs, Esq., '
“Toronto, Canada.

“Dear Sir: You have requested my opinion as
to the rights of owners of electric-light wires strung
along the streets of a city as related to the rights of
the owners of buildings to move them along the high-
way and to cut all wires interfering with their progress.

“It is difficult to give a satisfactory answer to a
question of this character that would be applicable to
both cases, as different states have different rules of
public policy, and in different states the statutes,
municipal charters and grants differ so widely as to
render each case independent of others and determin-
able only upon the facts specially pertaining to it.

“My opinion in general is that the moving of a
building along a highway is not one of the rights
enjoyable by the general public in a public highway
for the purpose of travel, and that if a person moves
a building along or across a highway, he must do it
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with due regard to the rights of property enjoyed by
those who are then using the highway for puposes of
transmitting electricity for power or illumination.
You will hardly expect me to give my reasons in
detail for this view, and I will not do more within
the limits of this letter than to refer you to a few
cases which have come under my observation bearing
upon this subject.

“New York & New Jersey Telephone Company vs.
Dexheimer.

(14, N. J. Law Journal, 295.)

“In that case telephone wires were stretched across
the highway in pursuance of the act under which the
company was incorporated and with the consent of
the municipal authorities. There was-a proviso in the
charter that the wires should be-so located as to in
no way interfere with the safety or convenience of
persons traveling on or over the roads or highways.
There was a statute declaring that the use of a public
street ‘in any of the incorporated cities .or towns of
this State, shall be subject to such regulations and
restrictions as may be imposed by the corporate
authorities of said cittes or ‘towns.’ The city of
Orange had adopted an ordinance declaring that ‘all
telegraphic and telephone wires shall be placed so as
to hang not less than twenty feet above the street
crossing.” The defendant had a special license to
move a house along a street, and in moving it he cut
all the overhanging wires, and in an action by the
telephone company it was insisted on the part of the
plaintiff that thirty of these wires were more than
twenty feet above the street. Judge ‘Depue, of
the New Jersey Supreme Court, charged the jury that
the use of a public highway in moving a building was
not within the right enjoyable by the public in a public
highway for the purpose of travel, and that the
defendant’s act was not justified on the ground that
he was obstructed in the use of the highway for public
travel. He held, however, that since the defendant
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“In your own city of Toronto, there arose the
case of Zoronto Street Railway vs. Dollery (112,
Ont. App., 679), in which it was held that a person
cannot lawfully blockade the tracks of a railway
company by moving a building.

. *It is true that as far back as 1852, in the case of
Telegraph Company vs. Wil (11, American Law
Journal, 374), it was held that legislative authority
and municipal license to set up a telegraph line in
the street, were no defense in an action for injury
to a house being moved along the street and caught
by the wires. But that case does not seem to have
been well considered, nor has it been generally fol-
lowed by the courts, and it is ‘expressly disapproved
by Scott & Jarnagin in their works on telegraphs,
section §3. -

“I have not had time since receiving your request
to search the decisions of the past three years relat-
ing to this subject, but, in my opinion, the foregoing
cases in New Jersey and Indiana are much more
likely to be followed than the case last referred to.

“I hope that the views expressed in these few
lines will avail you for your purpose.

“Yours truly,
(Signed) “Eucene H. Lewis.”

STANDARDIZATION OF INCANDESCENT LAMP SOCKET
AND BASE

The question of a standard incandescent lamp
socket and lamp base has frequently been discussed
in an informal way.  at meetings of the association,
but no effort made to bring together those most
directly interested.

Believing that much might be accomplished by
holding a meeting under neutral auspices, I wrote to
the manufacturers of sockets and lamps, inquiring if
they would be willing to attend a meeting to discuss



447

ways and means of endeavoring to solve this difficult
problem, if such were called by the association. The
replies received were unanimous in their expressed
desire to be present at a meeting to be called by the
association for such a purpose, and I therefore, on
the 24th ultimo, issued the following notice of
meeting :

“NEew YORK, September 24th.

“ Dear Sir: | beg to advise you that a meeting
of manufacturers and central station men, to discuss
the possibility of standardizing the incandescent lamp
base and socket, has been called for Friday, October
oth, commencing at 10.30 a. m. The meeting will
be held in the rooms of the American Institute of
Electrical Engineers, which are situated on the tenth
floor of the Havemeyer Building, 26 Cortlandt street,
corner Church, this city.

“1 may say that every manufacturer previously
advised of the intention to hold a meeting has notified
us of their desire to be represented.

“ FReDERIC NICHOLLS,
* President.”

“ NEw York, October sth, 1896.

“While I am doubtful of any direct result towards
the desired end from this first meeting, I am hopeful
that we can enter the thin end of the wedge at least,
and by sustained and persistent effort accomplish
what we have in view.

“In conclusion, I have to request . that members
will promptly communicate with our secretary on any
subject that properly pertains to the business of the
association, and regarding which they may desire
information or action.

“ Yours faithfully,
“ FREDERIC NICHOLLS,
* President.”



PRESIDENT’S INT.ERIM REPORT NO. 3

DEeaRr Sir: At the close of my last interim report
I referred to a meeting of lamp and socket manufac-
turers that I had called, to be held under the auspices
of this association, to discuss the question of standard-
izing the incandescent lamp socket and lamp base, and
stated :

“While I am doubtful of any direct result towards
the desired end from this first meeting, I am hopeful
that we can enter the thin end of the wedge, at least,
and by sustained and persistent effort accomplish what
we have in view.”

I now have to advise you that a most successful
and well-attended meeting was held, accounts of which
appeared in the electrical journals at the time, and
that at the present good progress is being made,
although some unexpected difficulties have arisen to
delay a definite settlement. Late in December the
National Board of Fire Underwriters, at a meeting
held in New York City, amended the rule relating to
sockets to read as follows:

“No portion of a lamp socket or lamp base
exposed to contact with outside objects, must be
allowed to come into electrical contact with either of
the conductors.”

This amendment to the rules of the Fire Under-
writers makes it necessary that any standard adopted
should fulfill these requirements, and I prepose calling
another meeting at an early date, at which the com-
mittee appointed at the last meeting will report prog-
ress. .
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REPORT OF COMMITTEE ON DATA

The report of this committee has been completed,
and, after having reviewed same, I have no hesitation in
saying that it will commend itself to the members of
the association as being the most satisfactory report
yet issued by this committee. It is now in the
printer's hands, and will be ready for distribution some
time prior to our next convention, so that members
may come prepared to discuss the subject matter of
the report, and suggest such other features as may
appear to them advisable to have incorporated in
future reports of this committee.

REPORT OF THE COMMITTEE ON INCANDESCENT LAMP
STANDARDS

Dr. Louis Bell, chairman of this committee, writes
me as follows: Answering yours of January 6th, I
am happy to report that your committee has made
substantial progress. The matter was taken up with
the Units and Standards Committee of the American
Institute of Electrical Engineers, as originally planned,
and, after much consideration, a final joint meeting
was held in New York on December 16th last. At the
next meeting of the American Institute of Electrical
Engineers’ Council, this committee on units and
standards will lay down its report conjointly with your
committee and we can then proceed to the practical
part of the programme. The fundamental question
taken up by the National Electric Light Association
and the American Institute of Electrical Engineers’
committees was the establishment of a standard method
and apparatus for the measurement of candle power.
This has been satisfactorily settled, and it now remains
to arrange for the production of secondary standards

30
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(7. e., standard incandescent lamps to be used for pur-
poses of comparison), and to draw up specifications for
a uniform rating of lamps and its ready verification.
It is the opinion of your committee that this reduction
to practice of the scientific questions involved would
be best accomplished by a conference of your com-
mittee with official representatives of the Institute and
the lamp manufacturers, so that the final conclusions
would carry the joint agreement and assent of these
organizations, and an informal conference will soon
be held.

PLANS FOR ESTABLISHING A LAMP-TESTING BUREAU

Most of our members are aware that your associ-
ation has been endeavoring to promote the standard-
ization of sockets and lamp bases, and the letter of
Dr. Louis Bell. published above, shows that your
committee has given prompt attention to the impor-
tant question of standardizing the candle power of
incandescent lamps, and, in this connection, I append
hereto a plan for the establishment of a lamp-testing
bureau, which has been forwarded to me by a mem-
ber of our association. I shall be glad if every mem-
ber will carefully consider these suggestions, and write
me as promptly as possible in regard thereto, setting
forth his opinion of the merits and demerits of the
plan, which follows:

Plans for establishing a lamp-testing bureau, and sug-
' gestions as to plans which, if agreed upon by
lamp manufacturers and central stations, would
make the burean of great value both to the man-
ufacturer and consumer.

The proposed bureau to be in charge of an expert
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employed by the National Electric Light Association,
and methods of testing to be approved by a majority
of experts of lamp manufacturers, who agree to abide
by decisions of the bureau as to quality of product
and fulfillment of guarantees.

Any lamp company, whose lamps are being tested
" at the bureau, will be allowed at any time to investi-
gate the methods used and the accuracy of standards,
but to have no access to records of the bureau,
except as regards tests which have been, or are being,
made on their own product.

The expense of maintaining the testing bureau will
be met by the income of the bureau, as hereinafter
provided, by certain definite charges for tests made,
and could also probably be partially met by subscrip-
tion or definite dues from central stations or other
consumers, who would signify their intention of avail-
ing themselves during any year of the services of the
bureau.

Lamp companies would be at liberty to guarantee
their product at as high a standard of quality as they
see fit, and the province of the bureau would be to
determine whether such guarantees have or have not
been fulfilled. Tests will be made by the bureau on
guaranteed lamps furnished by any manufacturer, on
application by the customer, the following conditions
having been complied with:

1. Before test is made, the customer ordering the
test should deposit with the bureau a sum equal to
the estimated cost of such test at the following rates:

Initial tests or readings of lamps will be made
at .... cents per lamp. Tests will be made to
determine the value of a lamp burned at its marked
voltage at .... cents per thousand watt hours.
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Conditions under which tests will be made are as
follows :

1. Not less than twenty lamps will be tested to
determine the value of any given lot of lamps.

2. Where the value of any lot of lamps is to be
determined, not less than two per cent of the entire
number whose value is to be determined are to be
furnished the bureau for test in their individual
unbroken packages (this would only necessitate the
placing of a seal or label on the wrapper of each
lamp in such a manner that it must be broken to
unwrap the lamp) within thirty days after their receipt
by the customer.

NoTte—Where the number of lamps used in a
year by the customer is comparatively small, so that
a number of shipments from the manufacturer would
be required in order that two per cent of the entire
number should equal twenty lamps, two per cent of
each shipment may be sent to the bureau within
thirty days after each shipment, and the test not
made or ordered by the customer until twenty lamps
have been received by the bureau, provided that such
test is ordered within one year from the receipt of
the samples from the first shipment.

3. Where tests are requested to determine the
value of the lamp by burning it at its marked voltage,
an initial test will first be made on lamps furnished,
which, as above provided, must represent not less than
two per cent of the lamps, the value of which is to
be determined. One-half of these, which most nearly
represent the average result obtained on the initial
test, will be burned at their marked voltage until their
value is determined, in accordance with the guarantee.
Should any lamp be accidentally broken during the
test, its place shall be taken by a reserve lamp, which,
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on initial test, most nearly represents the broken one.
The average result obtained from the test of these
samples determines the value of the lamps represented
by the samples.

4. The results obtained by tests made by the
bureau should, by agreement on the part of lamp
manufacturers and of customers who avail themselves
of the services of the bureau, be final, claims being
settled in accordance with its findings, upon a definite
basis agreed upon between manufacturer and customer.

In order that the proposed bureau shall be of
value enough to entitle it to the support of lamp
companies and their customers, a definite basis of value
for a lamp should be determined by agreement between
manufacturers and their customers who are to support
the bureau. Though lamp companies should be at
liberty to guarantee their product at as high a stand-
ard of quality as they see fit, the general lines on
which such quality is to be determined should be
agreed upon by all concerned. The'following basis is,
herefore, suggested :

1. The effective life of a lamp is to be considered
as ending when the lamp reaches some certain percent-
age of its initial candle-power reading, the value of
a lamp being determined by the candle hours given
by burning the lamp at its marked voltage and taking
readings of candle power at intervals of one hundred
hours, until the candle power falls to .... per cent of
its initial-rated candle power at the marked voltage;
or should the lamp tested burn out before reaching
.... per cent of its initial candie power, it is credited
with its actual performance.

Initial readings should be the secondary, and of
small value compared to the actual performance of
the lamp in service, though manufacturers should guar-
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antee their lamp for an individual variation in candle
power of not to exceed .... per cent, and an average
variation of not to exceed .... per cent. Economy
or watts should allow for an average variation of not
to exceed .... per cent.

2. The guarantee to the customer should provide
that, where the customer requests a test made by the
bureau, the cost of the test is to be paid, and certain
penalties observed, as follows:

If an initial test only is requested, where one
or more lamps are found outside the guaranteed initial
range as to candle power, the customer is entitled to
a .... per-cent reduction in price of lamps represented
by the samples furnished the bureau. If average
economy is found outside the guaranteed range, the
customer is entitled to a .... per-cent reduction. The
cost of the above initial test is to be paid by the cus-
tomer if the lamps are found inside the guarantee,
and by the manufacturer if found outside.

Where tests are requested to determine the area,
or candle hours, an initial test will first be made on
lamps furnished, which, as hereinbefore provided, must
represent not less than two per cent of the lamps, the
value of which is to be determined. One-half of those
that most nearly represent the average result on
initial test will be burned at their marked voltage, and
the candle hours determined.

The average results obtained from the test of these
samples determine the value of the lamps represented
by the samples. Should the average candle hours, or
area, fall below the guarantee not more than .... per
cent, the manufacturer shall only pay the cost of the
test. Should the candle hours, or area, fall more than
.... per cent and less than .... per cent below the
guarantee, the customer is entitled to a .... percent
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reduction in price of lamps represented by the lamps
tested, and the manufacturer to pay the cost of the
test. Should the average candle hours or area fall
below the guarantee by more than .... per cent, and
less than .... per cent, the customer is entitled to a
.... percent reduction in price of lamps, and the
manufacturer to pay the cost of the test.

The above percentage of reduction, or penalty,
to be continued in proportion until the customer
obtains the lamps (no charge), the manufacturer pay-
ing the cost of the test.

Should the average candle hours, or area, be at or
above the guarantee, the customer shall pay the cost
of the test.

As provided, where tests are requested by the
customer, check should be sent to the bureau before
the test is made, covering the estimated cost of the
test.

Although not an important point, I believe it
would greatly stimulate advance in quality of lamps,
to the benefit of both consumer and reputable manu-
facturers, if every six months the average results of
all tests made on the product of different manu-
facturers were published in the electrical journals,
such results to separate various economies, and placing
in different classes lamps of voltages from forty-five
to sixty volts, and lamps froin 100 to 125 volts; also
separate results on any test which might be made on
lamps from 200 to 250 volts.

PAPERS TO BE READ AT THE CONVENTION

I am happy to submit the following list of papers
to be read at the convention, and the names of the
authors are a guarantee that the papers to be read
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will be of a high order of merit. Some of the manu-
script is already in the hands of the secretary, and,
depending upon the assurance of the authors that their
manuscript will be forwarded at an early date, it is
expected that printed copies of each of the papers
will be furnished members a reasonable time before
the date of the convention.

Bean, W. Worth, St. Joseph and Bentoq Harbor
Railway and Light Company. “ Municipal Lighting.”

Cahoon, J. B., Elmira Illuminating Company.
‘“ Standardizing Prices for Incandescent Light and
Power.”

Edgar, C. L., Boston Edison Illuminating Com-
pany. ‘““Correct Method for Charging for Product.”

Jewell, W. S., Toledo Traction Compgny. ‘ Cost
of Delivery of Current from Station to Customer.”

Martin, T. C., Editor Electrical Engineer. * The
Daylight Work of Central Stations.”

Stillwell, L. B., Cataract Construction Company.
‘“Electrical Development at Niagara.”

Thomson, Prof. Elihu, Lynn, Mass. ‘ Recent
Progress in Arc Lighting.”

White, J. G., White-Crosby Company. ‘ The
Niagara Power Transmission Line.”

Chas. A. Carus-Wilson, Professor, Professor of
Electrical Engineering at McGill University, Montreal ;
member Institute Electrical Engineers, New York
and London. “The Induction Factor, a New Basis
of Dynamo Calculation and Classification.”

"Wright, Arthur, President Municipal Electrical
Association, England. “The Profitable Extension of

Central Stations.”
Yours faithfully,

Freperic NicROLLS,

President.
New York, March s5th, 1897.












A T . .
elescopic Boiler

Just imagine one which could be
drawn out at will to any desired size.
Now suppose you run it “closed up,”
and find that at a certain capacity the
boiler absorbs the applied heat as
completely as is practicable. Then
suddenly you stretch the boiler out,

increasing its area of heating surface,

say 25%. Where would you figure any

increase in capacity would come from?

It takes M to make steam, doesn’t _

it—or is it “ heating surface " ? '

The logical end of certain belated

“heating surface” philosophy is rank

absurdity—the getting of blood from
a stone.

HEINE SAFETY BoILER Co.,

ST. LOUIS, MO.
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Glenwood Works Yonkers, New York
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VER HALF MILLION
HORSE-POWER IN
USE. ... ...

“BEconomy in use of Fuel”
“Increase in Boiler Capacity”
“Prevention of Smoke”’

The
Hawley
Down-
Draft

Furnaces

XCELLENT results when burning cheap grades of
slack coal. Our guarantees are higher than those
made by any other company, and every furnace

sold has exceeded the guarantee.

Particularly advantageous to Electric Plants, on ac-
count of ability to comply with demands for steam.

Applicable to all kinds of steam boilers.

Used in many Government buildings and adopted

by the United States Government.

Our Catalogue, containing cuts showing furnaces
attached to various styles of boilers, with valuable
collection of Data for the Engineer, Tables of American
Coals, etc., etc., mailed free upon application.

Give us a trial on one boiler and you will adopt

them for your eatire plant.

MONADNOCK BUILDING

HAWLEY DOWN-DRAFT
FURNACE COMPANY

CHICAGO, U. S. A.

NEwW YORK: 39 CORTLANDT STRLET.
BOSTON: TRLMON~NT BUILDING,
CINCINNATI: 328 WEST PrARL STACET.
PliTeBURGH: TRADESMEN'S BUILDING.
8T. Louis: ALLEN BUILDING.

BALTIMORE: MANUFACTUACRS' Reconrp BLba.

Panis: Fovins FUMIVORES Dk Mawlky,
1 Auc Rossin.
TOKYO, JAPAN: 13 YARIYACHO, RY L}
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e NATIONAL CONDUIT
a0 CABLE COMPANY

Original Manufacturers and Patentees
of Paper-Insulated Cables and Cement-
Lined Pipes for all Classes of Electric
Service, Electric Railway, Light and
Power, Telephone and Telegraph . .

AT LEAST THREE-QUARTERS

of the underground cables ordered in the United
States during 1896 and 1897 are paper insulated.
Our strongest indorsement is found in the fact
that our competitors are endeavoring to put
cheap imitations on the market . . . . BEWARE
OF INFRINGERS . . . If you want the best,
or to learn what isthe best, communicate with us

MAIN OFFICE

Times Building, New York

BRANCHES
CHICAGO, Rookery PHILADELPHIA, Betz Bldg. BOSTON, Ames Bidg.
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