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boxes and each branch wire leading from the cat-out must
be protected by a safety fuse,

neerting Wires. After tho building is electrically con-
duited and before inu-rlinﬁ.m wires, powdered soap-stone
must be blown into the tubes,

Inspection.  The Counduit System, when completed,
must 1n every way pass the inspection of the Philadelphia
Board of Fire Underwritors, or, if &0 requested, the samo
to be inspected and passed by the Conduit Co., or both,

SWINBURNE'S “HEDGEHOG" TRANSFORMER.
BY NIKOLA TESLA.

Soue time ago Mr. Swinburne advanced certain views
on transformers which have elicited some comment. In
Tur KErzornicar Excrvirs of Sept. 10, there are brought
out further arguments on behalf of his open cirouit, or, as
he calls it, ““hedgehog™ transformer, claiming for this
type a higher average efficiency than is attainable with the

osed cirenit forms. In regord to this, I say with Gocthe,
“Dio Botschalt hor’ich wohl, allein mir fehlt der Glaube—
I hear the message, but I lack belief.”

Many of Mr. Swinburne's arguments are in_my opinion
erroncous, Ho says : “In calculating the efficiencies of
transformers, tho loss in the iron has generally been Joft
completely out of account, and the loss in copper alone
considered ; hence, the efficiencies of 97 and 08 per cent.
claimed for closed iron circuit forms.,” This is a statement
little complimentary to those who have made such esti-
mates, and perhaps Mr. Swinbarne would be very much
embarassed to cite names on bebalfl of his argument, He
aysumes the loss in the iron in the closed circuit forms to
bo 10 per cent. of the full Joad, and farther “ that in most
stations the ave use of Jamps is less than two hours a
day, includiog sll lamps installed,” and arrives at some
interesting figures in regard to efficiency. Mr. Swinburne
seems not toﬁn aware of the improvements made in the
iron. Tho loss with the best quality of iron will, I belieye,
not reach 8 per cent, of the full load by an intelligent use
of the transformer, and there is no doubt that further
improvements will be made in that dicection,

As regards the sccond part of his assumption, I think
that it is exaggerated, It must be remembered that in most
oentral stations or large plants due care is taken that the
load is favorably distributed and in many cases the wiring
is such that entire circuits may be sbut off at certain hours
50 that there is during these hours no loss whatever in the
transformers,

In his “hedgebog” form of transformer Mr. Swin-
burve reduces the iron considerably and comes to the
conclusion that oven in small transformers the iron loss
is nnder one per oent. of the full load, while in the
closed cirenit forms, it is, according to him, 10 per cent, It
would strengthen this argument if the iron would be
dispenscd with sltogether,  Mr. Swinburne doesnot appre-
ciate fully thoe disadvantages which the open circuit form,
operated at the waual period, entails. In order that the loss
in the iron should be reduced to one-tenth, it is necessary
to reduce the weight of the iron core to one-tenth and sub-
ject every unit hngth of the same to the same magneto.
motive force. If a higher magneto.motive force is used the
loss in the core wil?—witbin certain  limits, at least—
be proportionate to the syuare of the wmagnclo-motive
foroe. The remark of Mr, Swinburne, ““If the iron
circuit is opened, the sides of the embracing core can be
removed, so the loss by bysleresis is divided by u'..re«," iy

therefore not true; the loss will be divided by 5 - i where

‘
F, > F. If the iron of the open circnit fonn ix mnade up
jin a closed ring the advantage will be at once apparent,
for, since the maguetic resistance will bo much reduced,
the magneto-motive foree required will be eorrespondingly
sualler,  TUis prolable that, say, four Swisbarpe truns-
formers may be joined in such @ way as o form @ elosed
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magnetio cireuit. In this case the amount of iron and cop-
per would remain the same, but an advantage will be
gained as the total magnotic resistance will be diminished.
T'he four transformers will now demand less excitation and
since—under otherwise equal conditions—the gain depends
on the square of the existing current, it is by no means
insignificant. From the above comparison it is evident
that the core of such open circnit transformer should be
very ghort, by far shorter than it appears from the cut in
Tue Ervorzioan ExGINEER.

Mr. Swinburno is in error as to the motives which have
caused the tendency to shorten the magnetic cireuit in closed
circait transformers. It was prinois:lly on account of
practical considerations and not to reduce the magnetic re-
sistance, which has little to do with efficiency. If a ringbe
made of, say, 10 centimetres mean length and 10 square
centimetres cross.section, and if it be wound a¥ cver with
the primary and secondary wires, it will be found that it
will give the best resalt with a certain number of alterna-
tions. If, now, a ring is made of the rame quality of iron
but having, say, 20 centimotres mean length and 10 square
centimetres section it will give again the best result with
the same number of alternations, and the efficiency will be
tbe same as before, provided that the ring is wound all over
with the primary and sccondary wires. Tho space inside
of the ring will, in the socond case, be increased in propor-
tion to the square of the diameter, and there will be no diffi-
culty in wining on it sll the wire required. So the length
may be indefinitely increased and a transformer of an
capacity made, as long as the ring is completely cove
by the primary and secondary wires.

If the wires be wound side by side the ring of swaller
dinmeter will give a better result, and the same will bo
the caso if a certain fraction of the ring is not coverod by
the wires. It then becomes important to shorten the mag-
netic circuit. Bat, since in practice it is necessary Lo
enclose the transformer in a casting, if suck a ring be made,
it would have to be protected with s layer of laminated
iron, which would increase the cost and losa. It may be
inclosed in jars of some insulating material, as Mr. Swin-
burne does, but this is less practicable, X

Owing to this, the constractors of the most practieal
forms, such, for instance, as the Westinghouss transformer,
to which the Swinburne reasoning applies, have been
prompted 1o enclose the wires as much as possible with the
laminated iron, and then it became important to shorten
the magunetic circuit, because in this form oaly a part of
the magnetic circuit is surrounded by the wires, a3 well as
for other practical considerations.

In practice it is desirable to get along with the least
length of copper conductor on account of cheapuess and
regulation.  Mr. Swinburne statos that in his transformer
the lows in iron is under onc per cent, of the fall load ; all
the balance of loss must, therefore, be in the copper. But
since, according to bim, the wires are of larger mtion._hu
transformer can handly boan improvement in that direction.
The gun-metal casting s also objectionable. There is no
doabt some loss gomng on in the same, and besides it

increascs the resistance of the wires by a factor v -‘:;.

wheru 8 is tho total cross.scction of the core and S, the
section of the iron wires, There is one important point
which seems to bave escaped Mr. Swinburne’s attention.
Whether the open circnit transformer is an improvement, or
not, will depend principally on the period. The oxperience
of wost cleetrical engincers has resulted in the adoption of
the closed circuit transformer. I believe that I was the
tist to advocate an open circuit form, but to improve
its efficicncy I had to use a much higher period ; at usual
periads the closed circuit form is preferable.

Mr. Swinburne makes some other obscure statemonts
upon which T need not dwell, as they have no bearing on
the main question,



