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Society with information as to rates, localities, and engineering works of interest.
Please address snch credentials and all correspondence on, this subject to the
Committee of Information and Courtesy, American Society of Civil Engineers,
127, East Twenty-third Street, New York City.—Yours truly,
(Signed)
F. COLLINGWOOD,
Secretary.

The CHAIRMAN : It is gratifying to know that this Committee
of Information has been appointed by the American Society of
Engineers, and that any member of this Institution going to
Chicago can, with proper credentials from our Secretary, obtain
information on landing in New York as to the best method of
proceeding. Those of you who are going to Chicago had better
apply to our Secretary if you wish to avail yourselves of the
kind services of this committee. I would also ask you to
authorise me to instruct the Secretary to write a letter of thanks
to the American Society of Civil Engineers for their kind and
courteous invitation.
This was agreed to by acclamation.
The CHAIRMAN: We will now resume the discussion on Mr.
SDell's paper, and a?, in accordance with a desire expressed by
our President, Mr. Sparks has been good enough to have two
of Messrs. Brown, Boveri, & Co.'s motors brought here, I will first
call upon him to explain them.
Mr. sparks.
Mr. SPARKS : In accordance with the President's request, I
have obtained permission from Messrs. Brown, Boveri, & Co., of
Baden, to bring before you to-night two motors designed by Mr.
C. E. L. Brown. They are of 1 B.H.P. each, the larger being of
the synchronous and the smaller of the non-synchronous type,
and both are single-phase motors. The synchronous motor,
though comparatively well known, is not described in the paper.
It has no great torque on starting, and therefore requires to start
up on a loose pulley. As a matter of fact, the rotating field
magnets have to be placed in such a position that each brush
makes contact with one segment of the field-magnet collector:
then the motor will start on a loose pulley; otherwise, if the field
* magnets are short-circuited, each brush is touching on two
segments of the collector, and you would have to move the pulley
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by pulling on the belt until the brushes touched on two Mr. sparks,
independent segments. Of course, unless the motor is put in the
right position, it is a trouble to start it. As a matter of fact, it is
extremely easily handled, and every one, I believe, who has tried
to start it has been able to do so without the slightest difficulty.
The field magnets consist of four poles, each of which has a coil
wound on i t ; the coils are connected two in parallel, and are
supplied with current through a commutator.
The standing armature has four coils, connected in series,
wound through perforations in the cylindrical iron stampings
which surround the field magnets. The working electro-motive
force is 92 at a periodicity of 40 C\J; I do not know of any
installations working at such a low periodicity in this country.
For starting the motor, the armature and field magnet are placed
in parallel across a choking coil, a fixed resistance being in series
with the field. When the current is switched on, the motor goes
away fairly rapidly until it reaches a certain definite speed. Then
part of the choking coil is cut out, the speed increases, and so on
until the motor attains upwards of 90 per cent, of its synchronous
speed. It then begins a sort of beat, which is easily heard,
although it is not necessary to take notice of it so long as
one knows that the motor is beginning to run at a fair speed.
You then cut out the choking coil altogether, and at the
same time connect the field magnets in parallel with a few turns
of one of the armature coils. Directly you cut out the resistance
in series with the field magnets, with the motor running at 90 per
cent, of its synchronous speed, it, as it were, gallops up and
gets into synchronism in a very remarkable manner. It is like
someone going up a ladder, and suddenly you shout and make him
run up very quickly just at the end. That is the only way I can
describe it.
As soon as synchronism is attained you can transfer the
belt from the loose to the tight pulley, and the motor can
then have load thrown on it suddenly—not only its normal load,
but you can put on say three times its rated load without dragging it out of synchronism; and as the commutator has a very
wide neutral point you never require to shift the brushes.

322

Mr. sparks.

DISCUSSION.

[April 27tb,

This type of motor is largely used on the Continent, and I
believe has given great satisfaction, although it is unknown here
in England. It runs very quietly, being easily balanced, and having
ring oiling arrangements, requires practically no attention. The
one shown is designed for a periodicity of 40 (\J ,runs at a speed
of 1,200 revolutions, and we have used it for several weeks to
drive part of our factory at Charterhouse Square. Similar motors
are in use abroad up to a size of 10 H.P.
The second motor is one which I think will greatly interest
the Society. It is of the non-synchronous type, and is built for
40 f\J and 120 volts. Its armature consists of sheet-iron
stampings, with a number of holes drilled round the periphery,
through which are threaded a number of insulated copper rods.
These are all connected together by a ring on either side, so that
we really have a series of short-circuited coils. There are no
brushes or collectors of any kind. The field-magnet winding is
similar to the armature winding of the synchronous motor; but
there arft two sets of windings, each of four coils, one set of coils
being always in use, the second only when starting the motor.
The two series of coils are so placed that one series exactly overlaps the other—that is, the winding of a coil of one series comes
in the centre of the coil of the other series. The E.M.F. required
by the motor shown is 120 volts, and a normal output 1 B.H.P.
at a speed of about 1,200 revolutions per minute. In order to
start it the current is switched straight on to the two sets of field
coils connected in parallel, but in series with one set of coils is
placed a condenser of extremely simple construction. It consists
of a number of iron stampings, separated by wooden blocks, the
intervening space being filled with a 10 per cent, solution of
caustic soda. The motor on starting has considerable torque
(corresponding to three times the torque at full load), and
immediately runs up to a speed of synchronism, although it is a
non-synchronous motor. As soon as a fair rate of speed is
attained the second set of coils, with the condenser, is cut
entirely out of circuit. When loaded to 1 B.H.P. it takes 11
amperes at 120 volts, or 1,320 apparent watts. When giving,
during short periods, 2 B.H.P., it takes 23 amperes at 120 volts, or
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2,760 watts, or gives a return in B.H.P. when thus overloaded of Mr. Spark8.
54 per cent, of the apparent watts put into it. When giving
1 B.H.P. the return is 56 per cent, of the apparent watts. Now
with a 10-H.P. motor of this type running at a speed of 800
revolutions per minute, weighing between 9 and 10 cwt., which
is daily working in a saw-mill and giving out over 15 B.H.P., the
commercial efficiency, or B.H.P., is between 88 and 90 per cent, of
the real watts supplied, the apparent watts being 12 per cent,
more; so that nearly 80 per cent, of the apparent watts appear on
the brake. When taking maximum power from the motor exhibited (1 H.P.) the percentage of drop in speed below that of the
synchronism is as a maximum 3*2 per cent., so that it is practically
a constant speed motor although non-synchronous.
The following is a comparison between the details of a
3-phase 1-H.P. motor of Herr Dobrowolski, as published by him
in the Elektrotechnische Zeitschrift, No. 13, March 31st, 1893,
and of a 1-H.P. single-phase non-synchronous motor with a
periodicity of 40 f\J, as tested by Messrs. Brown, Boveri, &
Co. at Baden, and designed by Mr. C. E. L. Brown; in fact, if it
is not the actual motor now before you, it is a fellow one to it:—
Nominal output ...
E.M.F
Current (no load)
(full load)
Apparent watts ...
Frequency
Speed (no load) ...
„ (full load)...
Percentage drop of
speed
Weight of motor,
complete
Temperature rise...

1 H.P.
...
(60x1-732)= 104 volts
(4-5 x 1*732)= 7-8 amperes
(.8x1-732)= 13-85 „
1,440
...
50
...
1,490
...
1,375
...
7-72 %

:

...

94 kilos. = 207 lbs.
40°-50° C. ..,

1 H.P.
120 volts
6 amperes
11
„
1,320
42
1,250
1,210
3-2 %
64kilos. = 1411bs.
25°-30° C.

Motors of this non-synchronous type are running, or will
shortly be running, in the following places:—Kagaz, Chur,
Baden, Lucerne, Furstenfeld, Bruck, Cologne, Dresden. Intra,
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Mr. Sparks. Rome, and Grenoble. I think we must all congratulate Mr.
Brown upon the very successful results that he has obtained.
The special advantages of this non-syrichronous motor are the
total absence of collector or commutator, the ring form of oiling,
the ease of mechanical construction up to large horse-powers,
the minimum of attention and repairs that such a motor necessitates, and the great torque obtained at starting. Of course many
others have worked in this field, but, as was pointed out by
Mr. C. E. L.- Brown in his letter to the Electrician last month,
although many have worked in a similar direction, none have
perfected or put into practical use similar motors.
Swinburne
^ r # ^' SWINBURNE : Like everyone else here, I am greatly
interested in the paper, and in the whole subject of motors.
Mr. Sparks has described a pair of motors at great length as
being, he thought, new in England. This has surprised me
exceedingly, because, curiously enough, the first motor he described
as made by Mr. Brown, with whom my firm was working. The
German, Swiss, and English patents for that motor, I may mention,
are all taken out by my firm in my name. I was rather astonished,
therefore, to find a motor of my own invention reflected back from
Switzerland without my name even being attached to it. I am
sure there is some slight slip on the part of Messrs. Brown & Boveri,
or Mr. Sparks. I would like to enter a little into the difficulties
that occur in that form of motor. The first difficulty in running
a commutated synchronising self-starting motor is due to the
sparking at the commutator. As early as 1888 I ran a motor of
that sort when I was with Messrs. Crompton. I think, probably,
that was the first small motor of the synchronising type ever run
in this country. It was not a machine one could put into
commercial use. It sparked a good deal at starting, and took a
large current when it was running. Since then we have been
working steadily at these motors ; we have made several kinds—
some that will start, some that will not start—but we have not
yet made a motor which I consider we should be justified in
putting into the market, though I do not think Mr. Brown's
motors are any better. The form of motor produced by Mr.
Brown will start, but you must remember that it is made for a
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low frequency. It will not work so well when you get high f
frequencies, and its idle current will be even greater, as the
difficulties which have troubled us and everybody else come in to
a greater degree as soon as you use high frequencies. I do not
think it is very much use working out a motor for a frequency of
40 for use in this country. You must start with 100, and if you
want to develop your motor largely you must make it so that it
will work on 133 for America. There is a very great difference
between 40 and 133, as anyone who has experimented much with
motors will know. The chief difficulty, as far as I know at present,
is not the difficulty of starting—although, of course, that is a serious
one—but the difficulty of getting motors to run without taking
a fairly large current at no load. These motors, as you see by
Mr. Sparks's table, take 7*8 amperes at no load, and 13*85 at full
load. It must be remembered that this current has to go through
a transformer, and also through the meter, and it would be a
difficult thing to place a motor that takes half its maximum
current at no. load. Such motors may do very well for Switzerland,
where there is water power and the installation is chiefly for
motors ; but I do not think, unless an alternating will run under
nearly the same conditions as a direct-current motor, it is much
use putting it on the market in this country. We can make
motors with large idle currents, but do not consider them a solution
of the problem. You can bring such motors forward and get
accounts of them in the papers, and make a fuss generally, but I
do not think they are a practical solution of the difficulty.
I should like to refer to the other motor mentioned by Mr.
Sparks. I think we ought to give credit to whom credit is due in.
the case of that motor. It was, I think, invented by Messrs.
Hutin & Le Blanc, in France. M. Le Blanc in particular has
been working at the subject for a long time. Messrs. Elihu
Thomson, Tesla, Granz, and others have been on the same track.
What M. Le Blanc did was practically to take a two-phase motor
and put a condenser into one circuit, so as to get a difference of a
quarter of a period, and he thus used a double-current motor
with a single-current supply. There will be some difficulty about
the condenser: it is troublesome; people do not want to have
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condensers in their houses if they can help it.
J

The condenser

A

also means high volts, unless you subdivide the field and put a
portion of the condenser, then a portion of field, and then more
condenser, and so on—a method, by the way, which I may also
claim that I was the first to indicate; still, I do not think it is
very practical. Then when all these difficulties have been surmounted you have on the active side of your motor the large
no-load current. To get over that you must put in another
condenser, or put up with the large current. I do not think,
therefore, we can yet consider that the alternating-motor problem
has been solved, and I do not think we ever will solve the
alternating-motor problem until we make a machine which takes
a reasonable idle current.
I would like to refer to the supposed advantages of the double
and triple current. I think there has been a great deal too much
said in favour of the multiple current. The engineer who runs
alternating stations asks the inventor for an alternating-current
motor. The inventor brings forward something which, he says is
an alternating-current motor, but it is at most a sort of play upon
words. It is not an alternating-current motor at all in the sense
of the engineer. He has a circuit with an alternating current,
and he wants a motor to run on that circuit, and not a motor for
two or three different circuits that he has not got; yet that is
practically what has been given us. If you are going to runspecial circuits, there is no reason why you should not, run directcurrent circuits. Of course I am quite aware that the double and
triple currents have some advantages over the single current in
the ease of starting small motors, and they have an advantage over
the direct current in ease of transmission from place to place at
high pressures. It seems to me there is a tendency to confuse
two things. If you are going to transmit large powers long
distances, you can do so quite as well with a single as with a
double current. The only advantage of the double current is in
starting small motors. You can therefore transmit power over
large distances perfectly well with the single current, but, if your
installation consists entirely of motors, which is very unlikely, it
might pay you to use these double- or triple-current motors. If
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the installation consists of lamps and so on, as usual, and if ^
motors are absolutely necessary too, which is also improbable, it
would probably be best to transmit the single alternating current
over a long distance and convert it into direct current at the end
and be done with it, not to run a complicated system in which
no one can measure the power or anything else, and which
there is great difficulty in balancing.
I would now come to a question half theory and half nomenclature, and that is, the question which is the armature and
which is the field magnet in this case. Ever since the question
came up I have been in a minority of one as to which is the field
magnet and which the armature. I do not know how orthodox
people explain the matter. I will suggest a puzzle for them to
solve. Take a pair of double-current machines, such as the Gramme
alternators used for Jablochkoff lamps. Excite the fields of both
by means of direct currents and run them in parallel. The
machines A and B are then dynamos with stationary armatures
and rotating internal field magnets. The stators are armatures,
and the rotors are field magnets. Remove the exciter from B
and short-circuit its rotor coils. Is the rotor of B now the
armature or the field ? It is still working as a dynamo, of course.
Now throw the belt off A so that it runs as a motor. We now
have a dynamo with no excitation on the rotor, and a separately
excited motor: which is the armature in each case ? Now put the
belt back on A and remove it from B. B is then an ordinary
double-current motor, and, presumably, the rotor is now the armature. To make these ordinary machines, of an old and well-known
type, fit the modern nomenclature, a sort of general post as to the
armatures and field magnets must take place when variations as to
the conditions of running are made. I would therefore propose
that there should be no departure from the ordinary practice of
electricians in the case of multiple currents, and that the part
which gives power with alternating currents to the mains in. a
generator, or takes it in a motor, should be called the armature,
and the other part the field magnets. In all dynamos the
armature has alternating currents, and generally the field has
approximately constant induction. This constancy of the inducVOL. XXII.
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Swinburne. ti°n shows that the rotors in the above-mentioned machines are
field magnets whether they are excited by armature reactions
alone or by direct currents. In non-synchronous motors there is
some slip, so that the field-magnet induction moves relatively to
the field iron, but that does not in the least affect the broad
distinction between the field magnets and armature of a machine.
In the paper there are references to armature reaction, but
generally the armature reaction is taken backwards. There is a
common mistake that is worth correcting. If you take a machine
in which what I call the field is notched, you get what is called a
synchronous motor. If there is any unevenness in the field, it
is said to be corrected by the induced alternating current, and one
speaker referred to the closed copper coils on the fields as being
like the secondary of a transformer. The alternating current
induced in the coil even when short-circuited is not an alternating current of the same frequency as the current in what I call
the armature. If it is a triple-current machine, the frequency of
the alternating current is six times that of the others, and if a
double machine, it is four times. That is rather an important
point. If, instead of using a notched field, we make it smooth, we
get a motor that slips. Then the same portion is still the field,
and two currents are induced in it. One current has very slow
frequency indeed; this is the current that opposes slip. It is
induced by the armature reaction. Suppose the machine has a
frequency of 50 and a slip of 6 per cent. The frequency of the
one component will come out at three periods a second, and the
frequency of the other will be 282. It is rather important to
keep these things in mind, for they are a little difficult to follow;
but if you want to understand them, I am sure it is necessary to
go into all these points and get as clear an idea of what is going
on, on the machines as possible.
Before sitting down, I would like to refer to another matter
in connection with this subject. Take the Gramme machine B,
already mentioned, running as a dynamo or motor with no separate
field excitation. The power, according to Dr. Hopkinson's
equations, is always E times, an expression involving various
quantities, E being the electro-motive force that the machine will
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This machine, which has no field excitation Mr.
Swinburne.

whatever, will give no electro-motive force on no load, so that,
according to Dr. Hopkinson's theory, neither the multiple- nor
the single-current motor without field excitation can work. I
therefore look upon the multiple-current machine as a standing
monument of the inaccuracy of the self-induction theory of
dynamos.
Mr. W. M. MORDEY : In his paper Mr. Snell makes some Mr. Mordey
remarks on the subject of single-phase synchronous alternatecurrent motors that are,I think, open to criticism. I and others have
advocated the use of alternate-current synchronous motors because
for large work they have some advantages; and I think that, whatever developments may take place in alternate-current power transmission, it will be found that for large powers synchronous motors
will have advantages. Mr. Snell objects to them for some curious
reasons. In one paragraph he says : " The torque on any motor
" must not exceed a certain value, or the machine will stop." That
objection, surely, is common to all motors. In the next paragraph
he says that " there may be a relatively large idle current which,
" though representing little energy at the motor, causes a serious
" loss in the supply mains and dynamo armature." As Mr. Snell
has been experimenting, it is to be regretted he has not given us
his results to show what that serious loss is. In a paper I read
here a few weeks ago I gave some figures showing that the
" power-factor," which is what we want to ascertain, is very nearly
as high with synchronous motors as with good closed-circuit
transformers. The idle current, therefore, is not necessarily serious.
That motors must be designed not only with reference to pressure,
but also with regard to frequency of current, is not a very serious
matter. Nor is the objection that synchronous motors have dead
points in each period.
The dead points are very little
ones! There are 200 of them in a second. I think the
fact that steam engines have dead points has not been found
in their case an insuperable objection, nor should it be in
the case of synchronous motors. I am very much interested
indeed in the motor that we have seen this evening, and in
the comparison that Mr. Sparks has been able to give us
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as to the performance of two motors, one a three-phase and the
other a single-phase. We have been told that we in England
have been very backward in adopting multiphase working..
Instead of blaming them for want of faith or enterprise, I wish to>
make a claim for the wisdom of those who have stood back and
have refrained from introducing multiphase systems. What wehave seen here to-night is the first step in the justification of that
attitude. I think, as a matter of fact, that English electrical
engineers have regarded multiphase working as merely a makeshift,
and they have simply sat still and waited for the development of
motors that would run on the ordinary lighting circuits. I agree
with Mr. Swinburne that until motors are produced that can be
run on the ordinary alternate-current mains—the same mains that
are used for lighting—motors will be very little used except in
special cases. I think that the difficulty with regard to periodicity
is only a temporary one. We have had two- or three-phase motors
as a makeshift. Now we are getting single-phase motors that will
run up to 40 or 50 periods, and in a little while we shall have
motors that will run up to 100 or 130 periods. We have had
two motors from the same manufacturer, the one a multiphase
and the other a single-phase, and in the comparative record given
the single-phase motor appears to be the better one. And is it
not a fact that for all ordinary work the most experienced people
on the Continent and in America—even those who have been its.
main advocates—are giving up, or are not extending the use of
multiphase working ? We know that in the case of Frankfort,
Von Miiller & Lindley, after fully examining all systems—not
only direct-current as against alternate-current, but the various
developments of each—recommended simple alternate currents,
even for power transmission. This from men having a wide
experience of multiphase methods is most significant. This demand
for motors on alternate-current mains is one that we are constantly
coming across; but we are not coming across it, I am afraid, because
of any real demand for motors; we are coming across it for what I
may call electioneering reasons. I am afraid the explanation is to be
found in the competition between the direct- and alternatecurrent methods—that commercial agent?,' in pushing their wares,

.1893.]

DISCUSSION.

331

•and attempting to introduce low-tension or direct-current work, in Mr. Mordey.
many cases make great use of an argument based on the supposition that motors cannot be used on alternate-current circuits;
-and then the people who are thinking of putting down installations come and say, " You cannot use motors on your circuits."
If they were to examine into the output of the direct-current
stations, they would not find that any appreciable proportion of the
•output was for motors, even where motors could be used most freely
and without any difficulty whatever; and whatever alternatecurrent motors we may have, I do not think that on ordinai'y
installations there, will be any great use for them until the public
has' been educated up to a higher standard. There is not at
present, I regret to say, any substantial demand for motors of
any sort.
Now I wish to say a few words about periodicity, which I
•consider the most important question calling for a decision at the
present time. I have tried to show that we in England have done
wisely in refraining from introducing one alien alternate-current
development, and I wish to urge that a similar reception be given
to another. Continental visitor. There is a disposition to go
•down to 4.0 or 50 periods per second, instead of the 80, 100,
or 130 that is being used generally for lighting transmission.
-One of the principal reasons why 40 periods is used so largely
-on the Continent may, I believe, .be traced to the difficulty of
designing machines of certain types to work at a greater rate.
The alternators that have most largely been made for 40 periods
have not, in my opinion, been so made for the purpose of using
motors, but simply because they are machines that present
•considerable electrical and structural difficulties if any attempt is
made to use them at or design them for high rates. That is one
reason why these low rates have been employed, and are now
.being advocated. In alternate-current distribution,>I think we all
know that the key to economy and to good commercial results is
to be found in the transformers. But to make a transformer
equally good and efficient at 40 or 50 periods as at 100 is very
•difficult. It becomes very costly. In fact, I doubt whether anything like so good a result can, by any expenditure, be got at
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Mr. Mordey. 40 periods as at 100. The transformers are either very costly, or
they are wasteful, or both. I have been told that it is a question
of design—that transformers can be, and should be, made specially
for the periodicity at which they have to work. No doubt that
is true to a certain extent, but I would point out that a transformer, whether made for 40 periods or not, will work betteron a 100-period than on a 40-period circuit. My own attempts todesign good transformers for 40 periods have not met with
success. But—what is more to the point—I have taken 40-period
transformers made by the most experienced makers, and have run.
them at 100 periods at their ordinary electro-motive force, and
found they were very much more efficient, very much cooler,'and
better altogether if worked at 100 than at their own makers' rate of
40 periods. Then I have taken 100-period transformers and
worked them on 40-period mains, and found they ran hot at
once, and would burn out if run continuously. That, I think,,
shows that there is no basis of truth in the argument that you
can design transformers equally well for any periodicity. And it
shows that there is no truth in the argum.ent that has been advanced
that transformers do not suffer by a reduction of periodicity
because of the smaller number of reversals allowing of higher
magnetisation. If you take any ordinary transformer and take
the magnetising current and power at different periodicities, you
will find the explanation. In this curve, which I have taken
from a 40-f\J transformer of one of the best-known Continental
makers, it is clearly shown. It speaks for itself. The loss at
40 (\J is very heavy, falling rapidly as the periodicity israised, and showing that there is not much advantage in going
beyond 100 / V , as, however much further you go on, you willhardly decrease the current. But from 40 to 80 or 100 you will
decrease it very much, and not only decrease the current, but
decrease the power also : the power-factor does not appear toalter appreciably as you go down in periodicity. This is a very
interesting subject, and I wish time allowed of its fuller
consideration.
In some cases the mistake has been made of using 40-fNJ plant,,
and it may be of interest if I give an example of one way of part ly
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avoiding the losses which was adopted in a case where my Mr. Mordey.
company were concerned with a central station so equipped, the
J4
13

n
to
9
8

7
n

l
\
\

\

S

1

I
JO

OO TO

0O

WO HO

t2O /3O 14O

transformers having been especially made for the same rate. The
loss during the time of small load was of course considerable.
But by the simple expedient of using during the day a 100-f\j
alternator large enough for the day load we were able greatly to
lessen the coal consumption, the 4O-C\J plant being put on only
for the heavy load. The difference in the power required can be
seen in this curve so far as the transformers were concerned, and
this does not represent the only saving.
We must not, of course, forget that other considerations than
transformer efficiency govern this question, the most important one
outside of the power-house being the surface effect in the conductors ; but, fortunately, that does not become of serious amount
until we exceed 100 f \ J . For the reason that most of our work is
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»jr. Monicy. lighting work, and that efficiency is of the utmost importance,
I want to ask those who are considering the subject to
suspend their judgment before going in for what I consider the
fatal mistake of low-period working. The argument that is being
used is that motors can more easily be used at low periods. Even
if this were true at the moment—and even this can scarcely be
said—we should remember that the motor difficulty is only
a temporary one. We have seen it at least half solved. If we
wait a little while we shall see it solved altogether. It is not
nearly so important as efficiency. The importance of the
question of efficiency is not properly realised. It is thought
that a few watts more or less do not matter very much
in a transformer; but if you reckon but the cost of magnetising transformers, and take the verj^ lowest estimate of tlie
power—take one penny per H.P.-hour—you will find that even at
this low rate a watt continually expended costs one shilling a year,
and there is probably no central station in this country that will
produce a watt continually for a shilling a year in that way. You
may take it that two or three shillings a year is thrown
away on every watt wasted, and if you work at 40 periods
you must throw away more money in this way or spend a
great deal more money on transformers to start with. There
is no sufficient evidence to justify us in supposing that alternatecurrent motors will be more efficient and better at low
periodicities. There is very little difference in principle
between an alternate-current transformer and a motor. One of
them transforms electrical energy into mechanical energy, and the
other transforms electrical energy into electrical energy. The processes are pretty much the same. If you take a direct-current
transformer, you can put electrical energy in at one end, and you
may either take power out electrically from a pair of terminals or put
a belt on and take the power off mechanically. The transformation
is either from electrical to electrical or from electrical to mechanical.
It is the same thing in first principles, and I think it will
be found that in motors, as in transformers, a fairly high
periodicity will not be attended by disadvantages. I am reminded
of a remark made by Mr. Brush a little while ago to an eminent
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member of this Institution who was explaining to him the Mr.
•advantages of using 20 or 25 periods per second for some scheme
. that he was considering. Mr. Brush said, " That is right; get
•" a little bit lower, and you will have a good honest direct
•" current." I think when you get down to 20, 30, or 40 periods a
second, you may in many cases just as well have a good honest
direct current, because alternate currents of low periodicity
have very little that can be said for them iu comparison
with the direct currents. Or, to put it in another way, the
distance at which it becomes economical to substitute alternate
current for direct current is greater with low than with fairly
high periodicity. As in the case of multiphase working for
general distribution, so with these low-period proposals: there is
at least a probability that those who have advocated them will
find, almost before they get them to work, that they are obsolete.
Mr. H. W. KOLLE : Allow me to supplement the remarks of Mr. Mr. Koiie.
Sparks by two observations which I think will give some pleasure
to the gentlemen who have been criticising him. Mr. Brown has
already working at Chur, in Switzerland, a 3-H.P. single-phase
self-starting non-synchronous motor running at 70 cycles; and
we have also at the Ferranti works at present a single-phase
self-starting synchronous motor which has been working on the
London Electric Company's circuit of 85 cycles. Of course one
great advantage in Brown's motors is the very small air gap;
this Mr. Sparks did not remark upon.
Professor AYRTON : The principle of the Brown synchronising Professor
motor described by Mr. Sparks this evening is older than I
think is generally imagined. As far as I am aware, Professor
Forbes was the first to publish the idea of constructing a motor
in which you commutated the current round the field, producing
sparking, of course, until the motor attained the synchronising
speed, after which the current round the field became a simple
pulsating direct current. That must have been about 1882 or
1883, for I remember about 1884 or 1885 showing such a motor
running at one of my lectures at the Central Institution a year
or two after Professor Forbes had given an account of the
principle at a meeting of the Koyal Society of Edinburgh.
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W i t h reference to t h e names " field " and *' a r m a t u r e , "

the

Ayrton.

suggestion that Mr. Swinburne has to-night put forth is exactly
the one Professor Perry and I made in our 1883 paper on motors,
so much abused by Mr. Swinburne. There we clearly stated
that our motor had a stationary armature and a rotating field
magnet, and we said that we defined the field to be that part of a
motor or dynamo which, whether rotating or not, had a steady
current flowing round it, and the armature as the part,
whether rotating or not, which had a varying current flowing
round it. When, however, you come to the Drehstrom motor,
the definition is not quite so simple, since in both the stationary
and the rotating portions the current alternates.
Mr. SWINBURNE : The induction remains constant in the field.
Professor AYRTON : The induction is varied in the armature.
Mr. SWINBURNE : Yes.

Professor AYRTON : The induction in both is varied. With the
Drehstrom motor there is always a certain amount of slip when
there is a load.
Mr. SWINBURNE : It varies 5 per cent.
Professor AYRTON : Then you have a varying current and induction in both parts ; therefore the only way to improve the definition
is to say that in a machine consisting of two parts with a varying
current round each we call the field the one in which it varies
less, and the armature the part in which it varies more. You
cannot use the old definition suggested in 1883 by Professor Perry
and myself that you should call the part, whether rotating or not,
round which the current does not vary at all, the field. In the
Drehstrom motor with a load there must be slip, therefore you
have a varying current and induction in both the stationary
and the rotating portions, although it varies much more rapidly
in one part than in the other; but you may call the part in which
the current varies most rapidly the armature, and the one in
which it varies less rapidly the field, and this I suggest as the
most logical definition.
As to the question of motors affecting the choice between
what Mr. Mordey has called the honest direct current and what
I suppose he would go on to call the dishonest alternating current,
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I certainly agree with him that in this country at the present Professor
time it ought not to affect the choice at all, because, as a matter
of fact, as he said—and it is important to grasp it fully—motors
are so little used, at any rate in residential towns, that it is of
little consequence indeed whether or not the alternate-current
motor is less or more efficient than the direct-current motor. In
advising a scattered residential town a little while ago to use the
alternating current, I told the authorities that the present
inferiority of the alternating-current motor was not worth while
considering, and if they had any difficulty about the matter, and
anybody wanted to use alternate-current motors and objected
to their inefficiency, it would pay the authorities to supply power
at 2d. or 3d. per unit, while they were charging other people 8d.
or lOd. per unit for electric power for lighting. The advantage
of employing transformers for the distribution of the electric
light current is so great in scattered towns that the small
disadvantage of inefficiency in the alternate-current motors is
not really worth considering.
Coming now to the paper itself, there is one suggestion that
I might make. Mr. Snell speaks of so many alternations per
second. I do not think that that is a particularly good expression. He means, I think, so many periods per second.
Of course, in one period there are two alternations. It is rather
liable to lead to confusion if you speak of alternations and you
mean periods; that is for every one thing you mean really two.
Mr. Kapp pointed out last time why the theoretical variation
in the magnetisation of the field, as we may call it, of a
Drehstrom motor is too great,—why theoretical considerations
make the variations greater than they really are. He pointed
out that one cause was the reaction of the armature. Of
course another cause is that these calculations apply merely to
the variation in the exciting current. For we know that when
iron is magnetised the induction does not vary nearly as much
as the magnetising current; therefore this calculation, which
makes 14 to 20 per cent, and so on variation in the excitation,
does not correspond with anything like the same amount of
variation in the magnetism, which is the important thing, of
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course. In speaking of the series or open-circuit winding,
Mr. Snell speaks of the potential difference of the terminals
of the coil lagging 30 degrees behind the potential difference
between the mains. That is a mistake. It should be the
potential difference between the terminals of a coil in this series
winding is 30 degrees in advance of the potential difference
between the mains. He goes on to say: " It was shown that with
" combined three-phase currents, even when neglecting the self" induction of the coils, there is a constant phase difference between
'• the current and the line pressure. This, although not in itself
" a direct loss, is the cause of great difficulty in measuring,
" regulating, and controlling the currents, and also reduces the
" output for a given weight of material." He seems to conclude
that because there is a phase difference between the current and
the line pressure, this reduces the output for a given weight of
material. The argument seems to me to be defective, and for
this reason—the difference of phase which he is speaking about
is not a difference of phase between a current in a wire and the
potential difference at the terminals of that wire, but a difference
of phase between the current in one wire and the potential
difference at the terminals of another wire; or, to put it
more simply, in this three-phase system, if you have no selfinduction, there is no difference of phase in any part of the
system between the current in a wire and the difference of
potentials which is producing the current in that wire; so that,
in fact, his reasoning on this point falls to the ground. But
beyond that, as a matter of fact, it is not true that the output
for a given weight of material is less with the three-phase system
than with the two-phase. As was pointed out some years ago
by Dobrowolski, with the three-phase system of transmission,
with three wires on your poles, each wire carrying a certain
maximum current, and the insulation being such as to allow a
certain maximum potential difference between the mains, you
increase the cost of putting up the wires by 50 per cent., but you
increase the output by 73 per cent, over two wires and a singlephase distribution of motive power. So that, in fact, so far from
increasing the cost,—so far from there being less output
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obtainable from a given weight of material with the three-wire Professor
&

°

system, there is actually a greater output.
Then the author says: " The average pressure acting in
" the closed coils will be given by the expression K C F a 10" 8 ,
" where K equals a constant, C the number of turns counted
" all round the periphery of armature." I do not understand whal> exactly he means by C, and I should like
further explanation. In the Drehstrom motors the wires on
the armature are short-circuited; they are therefore, in a
sense, in parallel, and I do not see how the average pressure
acting in a closed coil can depend on the number of turns of
wire counted all round the armature. The pressure in the coil
would be the same, as far as I understand it, however many wires
you had round the armature. It is not like an ordinary directcurrent motor or dynamo where the coils are in series. Here
they are all in parallel. A little lower down the author says :
" Now the torque will vary with the ampere-turns, the frequency
" of the current, and the number of lines of force in the armature ;
" or, the torque = —^—, where ia = the armature current, and
•*M

" K = a constant, and the other symbols have the same signification
" as above." I do not quite understand that again; I do not see
how the armature current and the frequency can both come in;
I do not see, in fact, how the torque can depend upon the
frequency as well as upon the armature current. Of course the
frequency—that is, the frequency due to slip—the difference in the
number of rotations per second of the rotating field and the
armature, determines the electro-motive force set up in the shortcircuited wires on the armature, and so determines the value of
the current in the armature Coils. When you have got the value
of the current in the armature coils, I do not see why in the
formula you want " a," which is denned above as " the number
" of alternations per second of the armature induced currents."
There is an interesting point on page 305, where Mr. Snell is
making experiments with the Gramme machine, used as a threephase dynamo. He says: " It will also be seen that the direct
" pressure is higher than that of the alternating in the proportion
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" of 158 to 94 on open circuit." What interests one, when one
studies these two numbers, is to see how nearly they would be
given by a sine law of variation of. electro-motive force with
position of the armature relatively to the field magnet.
I have therefore made the following calculation to determine
the root of the mean square of the electro-motive force, or the
K.M.S.E.M.F., as it may be shortly called, produced by the coils
in any segment of a Gramme armature on open circuit when the
field magnets are separately excited.
Let B B (Figs. 1, 2) be the line passing through the main
brushes of the machine, N, S,
the field magnets; and let a
segment of the armature contained between the planes
0 P, 0 Q, making an angle <j>
with one another, have its
ends connected with rings,
E, R, which are continuously
rubbed by fixed brushes.
Let n be the number of
windings per radian on the
armature, e the maximum
E.M.F. per convolution:
then, if the sine law be true,
the E.M.F. set up in any one
FIG.
1.
convolution in a plane making an angle 0 with the plane passing through the brushes will be
e sin 0;
therefore the E.M.F. in the segment contained between the
planes 0 P, 0 Q, will be

r(e

or,

+

^

n

-, „

/ n e sin 0 a 0,
Jo
n e \cos 6 — cos {6 + <£)} .

Consequently the mean square of the electro-motive, or the
M.S.E.M.F. as it may be called, will be
"2WQ
or,

I™80 ~

cos

(6

+

*) }' d 6 >
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Hence, when the segment of the armature is contained Professor
'

°

Ayrton.

between planes making angles respectively of —, -^, — , ir: the
, ^,
M.S.E.M.F. will have the values respectively,
3ri2e2
iJ e*
, 2n2e";
2~
~2~'
n nd therefore, if the external circuit be open, a hot-wire, or

IT

FIG.

2.

FIG.

3.

electrostatic, voltmeter attached to the brushes rubbed by the
rotating rings will measure
ne
~~, ne,
•jj- n e, or ^ / 2 % e,
according as these rings are connected with a rotating segment of
the armature contained between planes making an angle of
2 7T
o

2i

, or 7r with one another.

If, on the other hand, the voltmeter be attached to the main
brushes of the armature, it will measure a steady E.M.F. whose
value will be
n e sin 6 d 9,
or,
2 n e.
Consequently, the E.M.F. measured by the voltmeter attached
to the main brushes of the machine will bear to the E.M.F.
measured by the voltmeter attached to the rings the ratios,
0

S42

professor

DISCUSSION.

[April 27thr

according as the rings are attached to points on the armature at
T

,.

.

p 7T

7T 2 7T

an angular distance of -^, -~, - j ^ , or 7r.
o ^ o
27T

Now, in Mr. Snell's experiment, —~- was the angular distance
o

between the points on a segment of the armature attached to
adjacent rings; therefore, as the E.M.S. of the alternating E.M.F.
was 94 volts, the steady E.M.F. between the main brushes of
the machine would, on the assumption that the sine law were
true, equal 2 \J

/T

—^ x 94, or 154 volts. And as Mr. Snell

found practically the same value, 158 volts, it follows that when
the machine is running on open circuit the sine law of variation
of E.M.F. of a convolution with its position relatively to the line
B B passing through the main brushes, holds.
When, however, a current of 20 amperes was taken from each
of the three segments of the armature, the ratio, he found, was
increased. This is consistent with the experiments made some
time ago by students at the Central Institution on our Gramme
machine, which has points on its armature joined to six different
rings so that two alternating currents differing by 90° in phase,
or three alternating currents differing by 120° in phase, can be
obtained in addition to the ordinary direct current.
The experiments to which I refer consisted in comparing the
P.D. between the main brushes with the E.M.S. of the P.D.
between two rings attached to two points on the armature at the
ends of a diameter. (f> in this case was therefore ir, and consequently the ratio of the P.Ds., as already proved, should be
\ / 2 when the machine,was running on open circuit. This ratio was
found to hold approximately when experiments were made on open,
circuit with the engine driving the dynamo at four different
speeds. But when an alternating current was taken from the rings
the ratio increased as the current increased, this increase in the
ratio for a given current being the greater the larger the selfinduction placed on the external circuit. For example, when
there was considerable self-induction in the external circuit, the
ratio, which for open circuit was \/2, or 1*434, increased up

1893.]

DISCUSSION.

343

to 2*56 when the E.M.S. current was only 11 amperes. When, Professor
on the contrary, the external circuit contained capacity instead of
self-induction, the ratio of the P.D. at the main brushes to the
P.D. at the rings diminished instead of increasing as the current
was raised.
The explanation of these changes is not difficult to see. The
main brushes were always adjusted so that the P.D. between them
had its maximum value, which was also the maximum value of
the alternating P.D, set up at the ends of the segment of the
rotating armature, seeing that the rings attached to points at the
opposite ends of a diameter were used to produce the alternating
current in these special experiments.
But owing to the self-induction of the armature the alternating current will attain its maximum a little later than the
E.M.F. attains its maximum, so that, if C C (Fig. 3) represent
the two points of the armature attached to the rings, it will be
when the line C C is in some such position as that shown in
Fig. 3 that, the alternating current which is taken off from the
•two points G C by means of the rings will have its maximum
value.
The currents flowing round the armature produce magnetic
poles at the points C C which weaken the magnetic field, and the
more the line C C is shifted round in the- direction of rotation of
the armature before the alternating current attains its maximum
value, the greater will be the weakening of the field on the whole.
Consequently, the greater the self-induction on the circuit, the
greater will be the weakening of the field on the whole for a
given value of R.M.S. currentj and therefore the smaller will be
the E.M.S.P.D. The maximum P.D. will also be diminished somewhat as the current is increased, since the main brushes of the
dynamo have some positive lead, but the K.M.S.P.D. will be
diminished much more rapidly than the maximum P.D.; and
therefore the ratio of the P.D. at the main brushes to the P.D. at
the rings will increase both as the current increases andt"as the
self-indaction of the circuit increases.
If the external circuit, on the contrary, has capacity given to
it, the line C C will be twisted back against the direction of
VOL. xxn.
2o
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rotation, and so t h e average weakening of t h e field will b e
d i m i n i s h e d ; indeed, with t h e large capacity of 60 microfarads
used in these experiments a t t h e Central I n s t i t u t i o n , t h e capacity
more t h a n counterbalanced t h e self-induction of t h e a r m a t u r e , so
t h a t t h e line C C, instead of being in front of t h e line B B , was
actually behind.

U n d e r these circumstances increase of c u r r e n t

will s t r e n g t h e n t h e field, so t h a t t h e ratio of t h e P . D . at t h e m a i n
brushes to t h e P . D . a t t h e rings diminished as t h e

current

increased.
R e t u r n i n g now to Mr. SnelPs paper : If h e has an opportunity
of repeating his

experiments, it

would be most valuable if,

instead of merely measuring c u r r e n t and P.D., and calculating
t h e apparent

power, h e uses wattmeters, and ascertains

true power dealt with in t h e different tests.

the

F o r in a l t e r n a t i n g -

current problems, unless you can get t h e t r u e w a t t s — n o t merely
t h e apparent watts—you do not obtain nearly as m u c h inform a t i o n from t h e

experiment as would otherwise be available.

A t t h e same t i m e , t h e paper contains a n u m b e r of practical
results, and Mr. Snell has endeavoured to p u t t h e well-known
theoretical considerations about Drehstrom motors before you i n
a simple fashion.

I t h i n k , therefore, we have to t h a n k h i m for

his contribution.
Mr. sneii.

Mr. SKELL (in reply) : Mr. President,—The subject is bristling
with u n d e t e r m i n e d points of theory and practice, and I a m afraid
I cannot do justice in an immediate reply to t h e various speakers
who have done m e t h e honour to criticise t h e paper. B u t t h e r e
are one or two points t h a t I should like to refer to. Mr. Sparks
has p u t before t h e I n s t i t u t i o n t h i s evening a very interesting
motor, to which I referred in m y paper. I t h i n k , if Mr. Sparks
had read t h e amended proof, h e would have seen t h a t I had done
justice to t h e machine as i t stands. And I cannot agree with
him t h a t t h e ' c r e d i t of t h e invention is entirely due to Mr. C. E .
L. B r o w n ; for, after all, i t is, to m y t h i n k i n g , n o t h i n g • b u t a
development of Professor E l i h u Thompson's motor.
W i t h reference to Mr. Brown's single-phase non-synchronous
motor, t h a t undoubtedly has advanced t h e subject very materially,
but I still believe in t h e t r u t h of t h e concluding paragraph of m y
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paper: " This is perhaps the best type of single-phase motor up Mr. sneii.
** to date, but it is undoubtedly susceptible of considerable improve" ment, and the problem of alternate-current motors suitable for
" running on ordinary supply circuits cannot yet be said to be
" satisfactorily solved." I think the majority of speakers this
evening supported me on this point. We are all of us indebted
to Mr. C. E. L. Brown for his labours in connection with dynamo
construction, and one of his most important contributions is the
embedding of the winding in tunnels in the iron. This enables the
magnetic resistance of the gap to be reduced to small limits, and
consequently increases the weight output efficiency, assuming, of
course, sparking can be controlled. I referred to the importance
of the periodicity, but not with sufficient emphasis to please
Mr. Mordey. Yet I stated that the crux of the problem lay in the
frequency ; and undoubtedly until we can make a single-phase
motor which will work on a circuit of 100 cycles per second, we
have not commercially solved the problem. At the time when
I wrote the paper I was thinking about motors to be used in coal
pits, where the desideratum is not so much a motor which will
work at a high efficiency as one which will work without sparking.
The little motor shown on the table realises these fundamental
conditions. If the efficiency of that motor is only 60 per cent.,
it will do for a great many purposes in mining.
If a larger motor can be built with an efficiency of from 70 to
80 per cent., we may be said to have materially advanced the
question of the application of power to mining work. Lighting
in a coal pit is a secondary matter altogether, for the lighting is
subsidiary to the transmission of the power for driving machines.
With reference to the definition of the terms " field " and " arma*' ture:" In the paper, I copied Continental practice; that is, I
called the part of the machine which has currents induced in it the
" armature," and the " field " that which, having the Drehstroni
current supplied to it, gives rise to the magnetic field. That
being the case, I call the stationary part on Mr. Brown's motor the
"field magnets," and the part that revolves, the "armature,"
because it has currents induced in it. The converse is also easily
seen. We might have a stationary armature on the outside and
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Mr. Sneii. a revolving field in the centre. But, undoubtedly from purely
theoretical considerations, Mr. Swinburne's suggestions, as
amended by Professor Ayrton, are well worth considering, and
perhaps may obtain in the future ; but in the paper, and for the
present, as I have clearly given the definitions of my terms, I
think there is no need for confusion.
I am sorry that the
discussion has not elicited more practical data from America and
the Continent; for although it is the custom just now for English
engineers to regard multiphase working as a needless complication, yet, even if regarded as a necessary step to a simpler type of
motor, it is worthy of the best attention. The Frankfort-Lauffen
plant was, it is true, only a tour de force, but it did good service
in demonstrating certain points of theory and practice. We are
undoubtedly on the eve of further developments in the distribution of electric power.
sieirens

^ h e CHAIRMAN : I now move that the meeting accord it best
thanks to Mr. Snell for the very interesting papsr, which has
given rise to an equally interesting discussion. I cannot help
emphasising one point which has been brought out, viz., that the
English engineer should not be too much blamed for holding back
in this question of rotary currents. After all, we are practical
people, who apply science to everyday life. Our objects are not
merely scientific investigations, but we have to. consider the
eternal question of £ s. d. I may just mention a personal experience. Our firm in Berlin is very much interested in rotary
motors, and has worked a good deal in that direction.. In several
instances when we over here had to work out problems for transmitting power to a distance, we have given the exact data to our
Berlin house, and they have worked them out according to the
rotary system ; and up to the present time we have not had an
instance in which we could not carry out the problem just as well
by direct currents or by the ordinary alternating currents as they
could by rotary currents. This evening the probability has been
stated that the rotary-current motors are only an intermediate,
step, and that we may expect to have a thoroughly practical
alternating-current motor which can be used on t h e ' ordinary
distributing mains: then we shall be r.ble to distribute power
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by alternate currents in the same way as we do now by continuous -Mr.
currents. However this may turn out, I think the thanks of
the Institution are due to Mr. Snell for bringing the subject
forward.
The motion was unanimously carried.
The CHAIRMAN : I have to announce that the scrutineers
report the following candidates to have been duly elected:—
Associates:
Joseph Crritton.
M. A. Abrahamson.
Edward H. Tyler.
Greorge Bloomfield Grarvey.

Arthur Francis Berry.
Arthur Ernest Cullen.

Students:
John Stanley Plumtree. •
Frederick Simpkin.

The meeting then adjourned.

