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PA.CKARD 9'. LACING STUD CO.
ettreutt Court ot A.ppeals, First CIrcuit. October 18, 1895.)

No. 135.
L PATll:NT8-PBnu. FACIE VALIDITy-OPERATIVE MACHINE.

The tact that no machine has been constructed and put tnto practical
operation under a patent is not, of Itselt, sufficient to show that the pat·
ent Is Inoperative, or to overcome the prima facie presumption ot 118
validity trom the tact ot its Issuance. If the proofs do not overcome
this presumption, and the device Is ot such a character, or relates to such
special and peculiar sUbject-matters, that It does not come within the
range of common experience or judicial knowledge, the prima tacle
showing must stand.

a. SAME-SUFFICIENCY OF SPECIFICATIONS.
Where It is claimed that a patent, under which no machine has been

put into practical use, would be inoperative because ot a difficulty pointed
out, it is only necessary that the specification should be such that a
mechanic ot ordinary skUl in the art should be able, by the aid thereot,
to overcome such difficulty.

a. SAME-ANTICIPATION-UTILITY Oll' ANTICIPATING MACHINE.
Where a machine is relied on only as an anticipation ot the patent In

Issue, It Is not necessarily ot importance to InqUire whether the same pos-
sessed ut111ty or not, or was In all respects patentable.

" SAME-INVENTION-ANTICIPATION.
A patent for a combination Is not necessarily invalid tiy reason ot the
tact that all its elements could be brought together by selecting parts
trom various known machines ot the same character, though this may re-
quire a strict construction of Its claims.

fit SAME-MACHINE FOR SETTING AND FEEDING LACING HOOKS.
The Eppler patent, No. 255,076, for a machine for feeding and setting

lacing hooks, held void as to claims I, 6, and 7, and valid as to claim 3.
which Is also held Infringed by a machine made in accordance with the
Smith patent, No. 309,166. 67 Fed. 115, modified.

Appeal from the Circuit Court of the United States for the Dis-
Met of Massachusetts.
This was a bill in equity by the Lacing Stud Company against

Nathaniel R. Packard for alleged infringement of letters patent No.
255,076, issued March 14, 1882, to Andrew Eppler, Jr., for a machine
fOI' feeding and setting lacing hvoks. The machine used by respond-
ent was made according to letters patent No. 309,166, issued Decem-
ber 9, 1884, to Stephen N. Smith. The first, third, sixth, and seventh
claims of the Eppler patent were put in issue in the case, and the
circuit court held that each of these claims was valid, and was in-
fringed by respondent's machine. 67 Fed. 115. Respondent ap·
peals.
John L. S. Roberts, for appellant.
Frederick P. Fish and William K. Richardson, for appellee.
Before COLT and PUTNAM, Circuit Judges, and NELSON, Dis-

trict Judge.

PUTNAM, Circuit Judge. This Is a suit on a patent for improve-
ments in machines for feeding and setting lacing studs. The defend-
ant below (now appellant) claims that the patented machine of the
plaintiff below (now appellee) is inoperative; and, in turn, the plain.
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tiff below claims that the alleged anticipatory machine especially reo
lied on by the defendant was abandoned, as a failure, after a short
experimental use. Questions of this character are too often pressed
on the court without necessity, diverting its attention from more sub-
stantial issues. The rules touching them are well settled. They in
no way take on the extreme characteristics insisted on by each side
in the case at bar, and the circumstances must be very peculiar to
call for their application. The appellant attempts to emphasize his
position by urging that there is no evidence in the record that the ap-
pellee's machine was ever made, much less put into use. That it
was constructed and put into use is alleged in the bill, but this ie di-
rectly denied by the answer, and there are no proofs touching this is·
sue; so in regard to this the appellant is to be taken as correct.
But this, standing alone, falls far short of answering as an equivalent
for the appellant's general proposition. If a machine has not been
constructed and put into practical use, it may be difficult to deter-
mine whether it ever can be; but, notwithstanding this, the grant
of the patent makes a prima facie case in this particular, and the
court may not be able to find in the record proofs to overcome this
presumption. Whensueh is the fact, and when, also, the device is
of such a character, or relates to such special and peculiar subject-
matters, that it does not come within the range of common experience
or judicial knowledge, the prima facie showing must stand. The pat-
ent at bar, on the proofs submitted, falls within these conditions.
It is claimed that the machine it covers is liable to be clogged at one
point so as to become inoperative; but we are referred to no proofs
on this proposition, and are asked to determine it by inspection.
This we cannot do, to the extent of ascertaining for ourselves that
the appellee's device does not represent a completed and useful in-
vention. We are even further from an ability to determine that a
mechanic of ordinary skill in the art could not take the patented
machine in issue, and, with the aid of the specification, overcome the
minor difficulty to which the appellant refers. The law does not re-
quire more than this. Persons possessed of the most brilliant con-
ceptions are sometimes the poorest mechanics. Pickering v. Mc-
Cullough, 104 U. S. 310, 319; The Telephone Cases, 126 U. S. 1, 535,
536, 8 Sup. Ot. 778. Other authorities are sufficiently gathered in
Robinson on Patents, at sections 128 and 129, and in the notes there·
to. These remarks also apply generally to the Palmer machine. It
sometimes happens that a device is abandoned for reasons wholly
other than its own inherent qualities. As this machine is relied on
by the appellant only as anticipatory, it is not necessarily of impor·
tance to inquire whether it possessed utility, or was in all respects
patentable, and we agree with the circuit court that it cannot bA
classed with mere abandoned experiments.
'I.'he appellant further says that the patent in issue is what has-

been termed a "paper patent,"--of no use or benefit to the public, but
bought for the purpose of being laid away until such time as it could
be brought forth and used on some unlucky rival. We do not find
in the record the proofs to sustain this claim, and therefore we need
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not discuss it. The record does, however, show many machines for
placing various articles promiscuously in' reservoirs or hoppers, with
appropriate devices for selecting and feeding them automatically;
and that there have long been, such various devices is also a matter
Qf common knowledge. It is also probably true that by selecting
from the various known machines of that character, and indeed by
selecting· only from those devised with reference to lacing hooks, in-
eluding especially the Palmer machine, all the elements of the patent-
ed machine in suit could be brought together. This, however, on
well-settled rules, falls far short of demonstrating that appellee's de-
vice contains no patentable qualities, though it compels us to regard
them as of a limited and restricted character.
Therefore, in view of these anticipations and the state of the art,

we think the entire substance of the patent in controversy is in the
third claim. The learned judge who tried this cause.in the circuit
court has fully explained this claim; and, as we agree with his expo-
sitioD afit, nothing would be gained by enlarging upon it, except to
add that we think it represents only an improvement in one particu-
lar over. Palmer. For the reasons already given, especially in view
of the Palmer machine, we think the first claim is too broad. A ma-
chine eould be constructed embraeing all the elements it contains,
and yet be substantially the same as Palmer's. The groove is the
only new element in the sixth claim. It is now sought to be sup-
ported on the proposition that it extends through the entire circle,
and serves to steady the arms as they revolve. But neither the claim
nor the specification indicates any such purpose, and all their require-
ments can be met without the groove extending over more than the
lower part of the reservoir. Giving them a fair construction, their
substance is found in the Palmer deviee. We think the set screws,
which are the only element which is alleged to distinguish the sev-
enth claim, do not create' any patentable difference from the third
claim, and that, therefore, the seventh is ineffectual and void.
The defendant below appealed against the wholp decree. He suc-

ceeds in reversing it in some substantial parts, but not in the most
important particular. Neither party has wholly prevailed here.
Therefore we will follow Mason v. Graham,23 Wall. 261, 278, where
the circumstances, in that the case was in equity, and there was a.
substantial modification of the decree below, were more akin to the
case at bar than those in nailroad Co. v. Harmon, 147 U. S. 571, 590,
13 Sup. Ct. 557. The decree of the circuit court will be modIfied so
as to stand in favor of the plaintiff below on the third claim of the
patent in suit, and in favor of the defendant below on the first, sixth,
and seventh claims. The case is remanded to that court for further
proceedings accordingly, and neither party will recover costs in this
court.
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TBOMSON-HOUSTON ELECTRIC CO. v. WE8'l'EllN ELECTRIC UO. et al. l

(Circuit Court of Appeals, Seventh CirCUit. October 7, 1895.)

No. 232.

PATENTll-ANTICIPATION-DYNAMO-ELECTRICAL MACHINES,
The Thomson and Houston patent, No. 238,315, for improvement In

the regulation of currents developed by dynamo-electric machines, and
consisting of devices whereby the brushes on the commutator are auto-
matically shifted so as to control variations of the current resulting from
variations In the number of lamps depending thereon, Is void because
of anticipation by patent No. 223,659, to the same parties, for a device
for the automatic adjustment of the brushes to prevent sparking .and
other IrregUlarities.

Appeal from the Circuit Court of the United States for the North-
ern District of Illinois.
This suit was brought by the appellant, the Thomson-Houston Electri<!

Company, against the appellees, the Western Electric Company and Enos
M. Barton, for Infringement of letters patent No. 238,315, issued March 1,
1881, to Elihu Thomson and Edwin J. Houston, for a current regulator for
dynamo-electric machines. Proof was made of a number of patents both
in the prior and later art, but the controversy, as waged here and in the
circuit court (65 Fed. 615), turns mainly upon a comparison Qf the patent. in
suit with the earlier letters, No. 223,659,- granted January 20, 1880, to the
same patentees. For this reason, and because they disclose the prior art,
as it was known to Thomson and Houston at least, the specifications,
claims, and drawings of each of these patents Is given in full. 'I'hey are as
, follows:

No. 223,659.
"Be it known that we, Ellhu Thomson and Edwin J. Bouston, both of

the city and county of Philadelphia, Pennsylvania, have Invented a novel
method and device for the automatic adjusting of the collectors or brushes
applied to the commutators of dynamo-electric machines, whereby an auto-
matic adaptation to variations of circuit resistance is secured, and the burn-
ing and destructive effects of false adjustments obviated.
"It is a fact well known in the art that the greatest freedom from burn-

Ing and irregular action Is secured when the collecting brushes occupy a
certain position, dependent In any given case on the speed of motion, and
resistance interposed in the outside circuit. A variation of either the speed
or the resistance occasions a necessity for readjustment of the commutator
collecting strips. After .an adjustment has once been made no readjust-
ment would be reqUired, were it practicable to maintain a uniform speed of
rotation of the armature, and a constant resistance of the circuit. Attempts
have hitherto been made to adjust the commutator-collectors by causing a
centrifugal device to move forward said collecting brushes on an Increase
in the speed of rotation of the armature, and to retract or reverse saiO.
motion on a decrease in the speed of running. Such an arrangement fails
In its purpose when variations in the circuit resistance are occurring at the
same time. By combining the force of centrifugal action, dependent on
speed, with magnetic force, dependent on current variation, a more per-
fectly operating device Is secured. Fig. 1 shows one of the ways in which
eaid actions may be combined for securing the automatic adjustment of the
commutator collecting brushes. The commutator, K, is mounted on a rotat-
Ing shaft. C, C, are the collecting brushes, applied to said commutator.
A. spring, S, tends to move the collectors, C, C, In the opposite direction to
tl1at of the revolution of the commutator, K, as shown by the arrow. A.
dexlble cord, t, attached to the supports of the collecting brushes, 0, C,
passes around a pulley, P, supported by the lever, L. The supports of the
collectors, C, 0, are free to move around the commutator aXis. The lever,

,1 Rehearing pending.
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L, and pulley, P, are moved by an electro-magnet, M, whose coils are trav-
ersed by the current of the machine, or a shunted portion thereof, attract-
ing its armature, N, as shown. The other end of the cord, t, is attached
te a lever, L', the position of which is regulated by the centrifugal action
of the governor, G, in a well-known manner. The adjustments are such
that an increase in the current strength, or an increase in the speed of rota-
tion, or both together, act to cause the collectors, C, C, to move forward in
the direction of rotation, as shown by the arrow, and against the tension of
the spring, S, which spring serves to cause an opposite motion of the col-
lectors on a decrease in the current, or a decrease in the speed, or both;
but the proper adjustment of the range of motion to be imparted in each
case is an operation requiring great nicety, to obviate which we have devised
a method of operating by which the amount of motion to be imparted to tho
collectors is directly dependent upon the action of the collectors themselves
in receiving current from the commutator. We are thus enabled to dis-
pense with the centrifugal
"The principle of our present invention may be briefiy stated: We pro·

vide, in addition to the ordinary collecting brushes, small accessory brushes
(one or more), which serve to receive current from the commutator seg-
ments after they have passed out of contact with the main collecting
brushes. The current received by the accessory collectors passed through
the coils of an electro-magnet serves to throw in or out of action any suit-
able motor device attached to the collecting brushes for t1).eir adjustment.
After passing through said electro-magnet, the current from the accessory
collector joins that from the main collector. The device for moving the
commutator may be adapted to move by the current, or by the motive
power, or by suitable clockwork, or other mechanism adapted to be thrown
in or out of action by an electro-magnet, and constitutes, therefore, an unels-
sentlal feature of the invention. In the description which follows, we have
assumed that the motor device selected is to be operated by a shunted por-
tion of the current developed by the machine, and this we find, in practice,'
to be a most convenient disposition for the purpose. In Fig. 2, K, K,' K,"
represent the segments of a commutator arranged in a suitable manner,
and of which any number may be employed. C, C, are the main collect-
ors, as ordinarily used. In addition to these, we apply accessory collect-
ors, C2, C3 (one or more), which may be of much smaller width than the
main collectors, C, C, and which rest upon the segments, K, K', K", some-
what in advance of the main collectors C, C, as shown. The accessory col-
lector, C2, which in the figure serves to operate the adjusting device, is
electrically connected to the main collector corresponding thereto throug'Q
the coils of an electro-magnet, A, which, attracting its armature, B, can
establish electrical contact between the contact pieces, p, q, as shown.
A regulable spring, S, holds the. armature, B, away from the magnet, A,
when no current is passing. The collectors, C2, C3, are mounted upon a
swinging bar, R, sO as to rock concentrically with the shaft bearing the
commutator, K, K', K". A connecting rod, I, joins the rocking supports,
R, R, of the collectors, and the lever, L, is moved by the attraction of the
electro-magnet, H, upon its armature, N, against the regulable tension of
the spring, S'. A dashpot, D, serves to prevent too sudden and violent
change of position of the lever, L. The coils of the electro-magnet, M, are
placed in a shunt-circuit through the contact points, p, q, around a part of
the conducting wire of the machine-as, for example, the field-magnet coils-
the object being simply by the contact of the points, p and q, to divert a
sufficient portion of the current through the electro-magnet. M. for the move-
ment of the collecting brushes, C, C, as determined by said contacts. As
we have before stated, any motor device operated by the magnet, A, or its
armature, B, and serving to fulfill the purpose of the magnet, M, and lever,
L, may be used, as convenience determines.
"Our invention may be applied to any commutator composed of segments

or conducting strips arranged around an aXis, the principle of operation
remaining the same. When applied to the Paccinotti commutator, in its
various forms, we prefer to polarize the armature, B, or the electro-magnet,
A, or both, so that on the passage of a current through the magnet, A, in
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Drawings of No. 22:),659.
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one direction, it shall attract its armature, B, but when the current is in
the other direction said armature shall be released or repelled.
"'I'he method of operation is as follows, viz.: Assuming the segments, K

and K', to be in contact at'a certain part of the revolution with the brushes.
C2 and C, respectively, and that said segments are of unequal electrical
potential, and in .consequence the brushes, C2 and C, respectively, in con-
tact therewith. are also of unequal electrical potential, a current will flow
during said difference of potential through the electro-magnet coils, A, tenu-
ing to equalize the potentials of C2 and C. The armature, B, is therefore
attracted and the electrical contact made at p and q, thus causing current
to circulate through the coils of the electro-magnet, M, which, in turn, at-
tracts its armature, N, the lever, L, being moved thereby, and its motion
transmitted to the commutator collectors, C, C, 0 2 , C3, through the con-
necting rod, 1, and the rocking supports, R, H, thus effecting such an adjust-
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ment of said collectors as will equalize their potentials, at whIch moment
the current through the electro-magnet, A, ceases, the spring, S, breal,s
the contact at p, q, and the armature, N, in consequence, being released,
motion in the opposite direction is begun, to be immediately checked or
resumed in the former direction when a difference of potential of the
brushes, C2 and C, again manifests itself. The accessory collector, C3,
may be used, if desired, to assist C2, or it may be directly connected to the
main collector, C, or in certain cases completely dispensed with, as, with
a proper adjustment effected on one side of the aXis, the opposite collector
may be set in a position corresponding thereto. When the brushes, C2 and
C, are thus secured of an equal potential, the operation of the commutator
is characterized by the absence of burning or sparks, and other indices of
irregularity. Figs. 3 and 4 exemplify the application of the accessory col-
lector, C2, for the automatic adjustment of the main collector, C, and when
the coils of the armature are connected in a closed circuit, as in the Gramme.
::liemens, or other similar forms. The dotted lines in Figs. 3 and 4 are sup-
posed to pass through those segments on opposite sides of the commutator
possessing the maximum positive and negative potentials, or through those
,.;egments at which the two branches of the circuit through the armature
coils join. When, in this instance, the accessory collector, C2, is in con-
tact with the most positive segment, as shown in Fig. 3, the current circu-
lates through it, and through. the coils of the contact-making electro-mag-
net, A, to the main collector, C. In consequence of said current in the
magnet, A, contact is effected between points, as in Fig. 2 (p, q), followed
hy an adjustment of commutator collectors, C2, C, etc., in the direction as
shown by the arrow, X (Fig. 3),-that is, in the direction of revolution of
the commutator,-bringing in this manner the main collector, C, over the
dotted line, or segments of greatest positive potential. If, now, from any
cause. the collectors, C, C2, are too far forward for effective action, an oppo-
site movement of said collectors is necessary. This condition is shown in
Fig. 4, where the dotted line indicating the points at which the two branches
of the circuit through the armature coils join is on the other side of col-
lector, C, from that shown in Fig. 3. In this case the current through the
f'lectro-magnet, A, is in the opposite direction to that in Fig. 3, in conse-
quence of the accessory collector, C2, being in contact with a commutator
strip or segment less positive than C. The magnet, A, or its armature, B.
heing permanently polarized, as we have already stated, the current passing.
as in Fig. 4, producing the opposite effect from that in Fig. 3, a readjustment
I)f the commutator collectors, C2 and C, takes place, as shown by the ar-
row, Y, (Fig. 4) opposite to the direction of revolution of the commutator.
thus bringing the main collector, C, again over the segment through which
the dotted line passes, viz. the segment of highest positive polarity. The
closeness of these adjustments is regulated by the tension given to the
spring, S (Fig. 2), which serves to modify the action of the electro-magnet.
A, upon its armature in closing the contact, p, q. 'When the contact, p, q
Wig. 2), is open, the magnet, M, being inactive, the spring, S', moves the
collectors in one direction; and when said contact is closed the magnet, :M.
being active, moves said collectors in the opposite direction. During nor-
mal action, however, an intermittent contact at p, q, takes place, in conse·
quence of the constant tendency of the spring, S', to move the collectors.
'l'his results in an intermittent action of the magnet, M, just sufficient to
counteract said constant tendency of the spring, S', whe::.. a slight move--
ment of the collector has been caused by the spring. Ttus, a feeble vibra-
tory movement of the collectors is produced, moderated by the dashpot, D.
A condition of equilibrium between the force of the spring, S', and tl1e in-
termittent impulses of the magnet, M, is therefore assumed and maintained.
By means of the adjusting device thus described, the injurious effects of
closed circuits in armatures, the coils of which are connected in a con-
tinuous series, may be greatly lessened, and the construction simplified by
the employment of a smaller number of coils upon said armatures. l<'rolll
the foregoing description, it will be readily understood that the accessory
collector, C2, serves, as it were, the purpose of a feeler, the design of whicl!
is to test the electrical condition of the segments of the commutator at the
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moment of leaving the collectors, and to originate from said condition an
adjustment of said collectors in whatever direction is needed to secure effi-
cient action.
"We claim:" (1) "The hereinbefore described art of automaticallY adjust-

ing the collecting-brushes of a dynamo-electric machine, consisting in mak-
ing said adjustment directly dependent on the electrical condition of the
commutator segments on leaving said collecting-brushes." (2) "In combi-
nation with a commutator for dynamo-electric machines, an accessory col-
lecting brush (one or more), placed in advance' of the main collecting brUSh,
the current taken up by said accessory collector being utilized in the man-
ner substantially as shown, to determine the adjustment of the commuta-
tor collecting-brushes, and to hold said collectors in adjustment during
operation." (3) "The combination, with a dynamo-electric machine, of a
main collecting brush and an accessory collecting brush, connected to one
another through the coils of an electro-magnetic device, by the operation of
which an automatic adjustment of said collecting-brushes is effected." (4)
"In a dynamo-electric maChine, for the purpose of controlling the adjust·
ment of the commutator collecting brushes, an electro-magnetic device.
polarized or unpolarized, operating as a contact maker by means of the cur-
rent derived from an accessory collecting brUSh, substantially as described."
(5) "The combination in a dynamo-electric machine, with main and acces-
sory commutator collecting brushes, of an electro-magnetic device operated
by a current resulting from a difference of potential of said main and acces-
sory collecting brushes, which electro-magnetic device serves, in turn, to
operate a suitable motor for the automatic adjustment of said commutator
collecting brushes." (6) "As a motor for effecting the adjustment of the
commutator collecting brushes, an electro-magnet, M, traversed by the cur-
rent, or a portion of the current, of the machine, whose attraction upon its
armature, N, moves said commutator collecting brushes in one direction,
motion in the other direction being obtained by the action of a spring, sub-
stantially as described." (7) '''l'he combinatlOn, in a dynamo-electric ma-
chine, of a contact maker operated by the current resulting from a differ-
ence of potential of the main and accessory collecting brushes with an
electro-magnetic motor placed in a shunt or derived circuit around any poP-'
tion of the field-magnet coils; said shunt or derived circuit to be closed.or,
opened by said contact maker as may be required for the automatic
ment of the commutator collecting brushes." ,

No. 238,315.
"Be it known that we, Elihu Thomson and Edwin J. Houston, both of the

city and county of Philadelphia, Pennsylvania, have jointly invented certain
new and useful improvements in the regulation of electric cun'lmts devel-
oped by a dynamo-electric machine by a movement of its commutator-
brushes, of which the follOWing is such a description as will enable those
skilled in art to make and use the same:
"The object of our invention is to provide improved means for controlling

automatically the strength of an electric current flowing over a circuit com-
posed of a dynamo-electric machine and one or more electric lq.mps,· or
other appliances, through which the current passes, and to obtain said con-
trol without the introduction of resistances, as such, and without varyin!:,
the speed or field of the dynamo-electric machine, and at the same time, "if
desired, to utilize the reaction principle for the magnetization of said dy-
namo-electric machine, or, in other words, to cause the current generated to
pass through the field-magnet coils. We accomplish these results at the
same time that the power expended to drive the dynamo-electric machine
varies directly in accordance with the changed resistance of its circuit;
being less as the resistance is less, and greater as the resistance is greater.
Let us suppose, for the purpose of elUcidating the principles of our inven-
tion, a dynamo-electric machine running at a constant speed, and baving
in its circuit twelve lamps of the arc type; the current from the machine
passing successively through all the lamps, and through the field 'magnGts
of the machine. If the electrical resistance of the circuit remains uniform,
the current will remain uniform. Let, now, half of the lamps be removed
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from the circuit, by switching around them, in the ordinary manner. 'file
resistance of the circuit being thus rendered much less than before, the
current produced will be increased; increasing the intensity of the
light from the remaining six lamps, throwing a great strain upon the mo-
tive power, caused by the increased current, due to the circuit being of
small resistance, and giving rise to heating of the wire coils of the machine,
and other disadvantages. If all the lamps but one be cut out of the cir-
CUit, these disadvantageous effects are enormously intensified, from the
machine running on an almost short circuit. Yet, in practice, it is often
desirable to reduce the light-giving capacity of a machine so as to either
diminish the amount of light given out in each lamp, or to reduce the num·
bel' of lamps in the circuit. The latter result has heretofore been accom-
plished by the introduction into the circuit, in place of the unused lamps.
of equivalent resistances of iron Wire, or the like, or by modifying the speed
of the machine, or by changing the field-magnet circuit, or the current trav-
ersing it. The first method, or that of resistance SUbstitution, requires that
the same power be expended whether all or but few of the lights be used;
the second method is impracticable for continuous running; while the third
involves special construction of the machine, or the use of apparatus which
greatly complicates the working, 'and requires frequent adjustment of the
commutator to be made, to avoid short"circuiting. In the improved sys-
tem of operation provided by our present invention, we possess the ability
to cut out lamp after lamp from circuit, and yet maintain a uniform cur-
rent strength in the remaining lamps, and economy of motive power pro-
portional to the diminished resistance, while the normal light-giVing power
of each lamp not'cut out is maintained, and an absence of heating, or neces-
sity for any other adjustments than those at the commutator of the ma-
chine, obviated. These adjustments are preferably made automatic, for we
find that with the commutator used by us, as herein specified, a propel'
adjustment of the commutator being effected when a certain resistance is
itn circuit, a similar adjustment will, when the resistance is changed, give
the same current. In our system we have employed a dynamo-electric ma-
chine in which the commutator is constructed of three insulated segments
of a ring connected to three armature coils. The collecting .brushes appliei'1
to said commutator are supported so as to be movable around the commu-
tator 'without changing the relative positions of the two collectors. This
movement of the collecting brushes is well known in the art.
"Fig. 1 shows a commutator consisting of three insulated segments, R',

K", K"', and supposedly attached to the armature coils in accordance with
our former inventions. Bearing upon the commutator segments, and par-
allel and opposite to each other, are two strips of metal, C, C', for con-
ducting off the current from the segments, and called 'commutator collect-
ing brushes.' The slot between or separating two segments, K', K", is
made at an oblique angle, as shown. When the two ends of a slot are
angularly displaced with respect to each other, twenty to thirty degrees
circumferentiallyaround the commutator, a single pair of collecting-brushes
i8 used, the planes of which are tangent tq the circumference of the com-
mutator at opposite points, and parallel to each other, as before stated.
These collecting brushes are supported on a bar, B, B (Fig. 1), moving con-
centrically with the center Of the commutator, and enabling the collectors,
C, C', to be placed in different positions relatively to the commutator seg-
ments, while still remaining in the same positions relatively to each other.
The ends of the bar, B, B, describe the arcs shown in the dotted lines. The
.supposed direction of revolution of the commutator is shown by the arrow.
The collectors, C, C', are mounted so as to be insulated from each other,
and the current discharged into said collectors from the armature coils and
segments, K'; K", and K"', attached to them, passes from said collectors
to the coils of field magnets of the machine (indicated by M, M), and thence
also into the circuit of the lamps, six of which are indicated as 1, 2, 3, 4, 5,
and 6. At each lamp is placed a switch, S, by which any of them may be
shunted round,. or cut out of, the circuit. When the six lamps are being
used, the collectors, C, C', are adjusted to the proper position, as to absence
of spark, and other irregularities, and to carry off the current of the nor·
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mal working strength. Supposing, now, that three of the switches 00
closed, so as to remove half the number of lamps, a movement of the com-
mutator collectors, C, C', forward in the direction of revolution of the com-
mutator restores the current to its former working strength; and, even
though all the lamps but one be switched from the circuit, we find that a
similar movement may be given to the collectors, and that they may be set
in such position as to discharge into the circuit a current of only the nor-
mal working strength. Any number of lamps in circuit may thus be put
out of use, and a position of the commutator collectors found which will
restore the normal current strength.
"We are aware that in the operation of commutators of the Paccinotti

type, such as the Gramme, Siemens, and the like, where the coils on the
armature are numerous, and connected in closed circuit, end to end, a
movement forward or backward of the commutator collecting brushes
around said commutator from the position of maximum effect, or the posi-
tion when the commutator segments that are simultaneously in contact
with a collecting brush are of equal potential, results in decreased current;
but the variation of the current so obtained is attended with damaging
short-circuiting of the coils of the armature,-a fact well known in the
operation of such commutators when the position of equal potential men-
tioned is not maintained. In our system, short-circuiting of the armature
coils is prevented. When the amount of separation of the carbon elec-
trodes or length of arc of the lamps used in our system varies with the cur-
rent strength, increasing or decreasing therewith, we are enabled, simply
by changing the position of the commutator collecting-brushes, to vary the
amount of current passing through the lamps, and hence their light-giving
power. In practice, therefore, by a single movement of the commutator
collectors, C, C', we are enabled to turn up or down the lights in the circuit.
A motion in the direction of revolution, or in the direction of the arrow
(Fig. 1), diminishes the current-producing power of the machine, while mo-
tion in the opposite direction increases it. These results are accomplished
with a consumption of power depending on the electro-motive force of the
current produced, and without short-circuiting any of the armature coils.
We are not aware that these results, unattended by injurious effects, such as
waste of power and short-circuiting, have ever before been realized.
"The principle upon which our system is founded is substantially as fol-

lows: During revolution the commutator segments have positions one
hundred and eighty degrees from each other, of maximum positive and
maximum negative polarity, respectively. When the collectors, C, C', are
set for the normal current, with the total number of lamps in circuit, the
segments, K', K", K''', will break contact with the collectors, C, C', shortiy
after passing their positions of maximum electro-motive force. On remov-
ing some of the lamps from the circuit, the current is increased, but may
be restored to its normal strength by placing the commutator collectors,
C, C', in such position that segments are in contact with them when the
electro-motive force is below its maximum, this being accomplished by mov-
ing the collectors forward in the direction of revolution. The ability to so
vary the electro-motive force by a simple motion forward of the commu-
tator collectors in an armature colI system with three branches results
from the fact that, for the major part of the revolution, but two armatul'e
coils and their corresponding segments, as K' and K", are in connection
with said brushes; the electro-motive force of the current produced in the
armature being, when both armature coils-as those attached to K' and K",
respectively-are acting in the same direction to produce current, the sum
of their electro-motive forces, and when they are acting oppositely to each
other, as when the commutator brushes are placed far forward in the direc-
tion of revolution, the difference of their electro-motive forces. In this
latter case the segment, as K', may leave the collecting brush,C, even after
the armature coil to one terminal of which said segment is. attached has
passed beyond the neutral point; the current in said coil being prevented
from reversing at the neutral point by the superior electro-motive force of
the other armature coil; with which, for the time, it is conjointly acting,
as that armature coil one terminal of which is attached to K". The mo-



THOMSON-HOUSTON ELECTRIC 00. V. WESTERN ELEOTRIO 00. 77

ments whlm all three segments and their corresponding armature coils are
simultaneously in direct contact with the collecting brushes correspond to
the times when either of the collecting brushes, C, C', is over a slot between
any two segments. At this moment a transfer of the current takes place
from the coil and segment, leaving the commutator brush to the succeed-
ing coil and segment coming into contact therewith, which transfer is re-
peated at every slot in the commutator. This transfer occupies an appreci-
able time, and the current produced is due to the resultant action between
the coils in their maximum position operating in conjunction with coils that
have either passed, or have not attained, that position, when in circuit with
the collectors, C, C'.
"We have hereinbefore described our method of regulating the strength

of the current traversing the circuit by a movement of the commutator col-
lecting brushes, so that whatever be the number of lamps in the circuit, up
to the maximum, the normal current strength may be obtained; but as,
in practice, the lamps are generally at a distance from the dynamo-electric
machine furnishing the current, and as the switching out of circuit of one
or more of the lamps would necessitate an adjustment of the commuta-
tor-brushes, as before described, we prefer to effect said adjustment auto··
matically, and without the introduction of resistance coils, and maintain,
notwithstanding changes in the number of lamps used upon the circuit, a
practically uniform current strength without requiring the attendance of
the operator. We find in practice, moreover, that we obtain with thts auto-
matic regulation of the current strength an independence of speed varia-
tions in the machine, it being only necessary to so adjust the speed of
running that when the speed is at its lowest the machine shall yet be sum-
dent in power to maintain the number of lights placed in its circuit. We
are therefore able to operate successfully under conditions of motive-power
variations that have hitherto been recognized as fatal to steadiness of light
·obtained.
"In United States patent No. 223,659 (January 20, 1880) before referred to,

we have described a means of automatically adjusting the commutator col-
lectors of dynamo-electric machines, which method Is adaptable to the pres-
·ent case of current regulation. When a single pair of commutator col-
lectors, C, C', are employed with an inclined or angularly slotted commu-
tator, as hereinbefore mentioned, the current of the machine is caused to
traverse an electro-magnet, the variations in the power of which current
and magnet either directly or indirectly serve to effect the adjustment of
the commutator collectors, with or without centrifugal regulation, in a simi-
lar way to that shown and described in patent No. 223,659, before referred
to. The regulation of the current strength is readily obtained by causing
the main current of the machine, or a shunted portion thereof, to traverse
an electro-magnetic controlling device, operating to throw into or out of
action an electro-magnet or equivalent motor device, which, in turn, im-
parts motion to the commutator collecting brushes. As in our former in-
vention, already referred to, th. motor device used may be adapted to move
by the current, or by the motive power, or by suitable clockwork, or other
mechanism adapted to be thrown in or out of action by an electro-magnet,
and constitutes, as before, a minor feature of our present system. Our
present method of therefore, so far as it relates to automatic
regulation, is based upon the same principles of operation as our previous
invention; and it consists in an improved construction and mode of use of
the apparatus employed in patent No. 223,659.
"In Fig. 2 the direct current of the machine is conveyed through the coils

of the electro-magnet, D, placed in the circuit of the machine at any con·
venient point. Its armature, E, is suitably supported so as to be movable
to and from the electro-magnet, as by the lever, F, and held away from the
magnet by an adjustable spring, Z. Two contact pieces, p, q, are pro-
vided, adapted to be closed or opened by movements of the lever, F, due
to variations in the power of the electro-magnet, D, following changes in
the current. . ',l'he contact pieces, p, q, serve as a shunt of small resistance
-or short circuit around an· electro-magnetic coil, G, provided with a mova-
ble core, fl, suitably supported in the axis of the coli. The core, H, Is
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hung upon a lever, L, connected by a rod, R, with the swinging bar, B, B,
of the commutator collecting brushes; a dashpot, J, being provided to pre-
vent too SUdden and violent motions of the lever. Variations in the mag-
netic pull of the coil, G, upon its iron core, H, opposed by the action of
spring, S, or equivalent counterbalance weight, imparts motions to said
core, which motions are, in turn, imparted by the rod, R, to the supports
of the commutator collecting brushes, C, C', thus varying their position with
respect to the segments of the commutator.
"The mode of operation is substantially as follows: The cutting out of

"ne or more lamps from the circuit of the machine, or an increase in the'
speed of rotation of the latter, causes a corresponding increase in the cur-
rent traversing the circuit of which the coils of the electro-magnet, D, form
a part, and a necessity for readjustment of the commutator brushes to
prevent a continued increased current and sparks at the commutator. The
increased attraction upon the armature, E, opposed by the spring, Z, opens
the contacts, p, q,diverting the current of the machine through the coil,
G, which, in attracting its core, H, readjusts the collecting brushes, C, C',
thus bringing the current strength again to the normal, at which moment
the armature E, is released by the magnet, D, and the contacts, p, q, are·
again closed, and are ready to allow the same aCition to be repeated on a
further increase of current strength. On the decrease in the current strength,
due to any cause, the armature,E, not being attracted sufficiently to open
the contacts, p, q, the current is diverted through them from the coil, G,
which, falUng to attract its core, H, a counteracting spring" S, moves the
commutator-collectors, C, C', so as to increase the current, or raise it to the
normal. A dashpot, J, with 011 or glycerine, prevents violent motions of the
lever, L; and during normal action a sufficient number of makes and breaks
at the contacts, p, q, occur to maintain the current at its proper strengtli,
find the collectors, C, C', in their proper position to maintain that strength,
and avoid injurious burning. An automatic readjustment of position is thus
made to follow every removal of a lamp from, or introduction into, the
dreuit.
"li'ig. 3 is a plan .of the pa1'lts shown in Fig. 2, the parts visible in said plan

designated by similar letters to those in Fig. 2, as described.
"In Fig. 2 the various parts are shown as occupying positions separate

ilrom one another; but in practice we sometimes combine the motor coil, G,
lAnd core, H, with the rod, R, dashpot, J, and spring, S, into a single, com-
pact device. This combined device forms the subject of a separate applica-
tion for letters patent.
"The magnet, D, and armature, E (Fig. 2), instead of acting to open and

close contacts. p, q, may serve to throw in and out of action a mechanical
motor device by movements imparted to a friction clutch, or Its equivalent.
In this case the power which moves the commutator collectors or brushes is
obtained either directly from the rotary motion of the machine, or by clock-
work, or other suitable mechanism, thrown in or out of action by vari!litions
In the strength of the current traversing maguet, D. As a type of this
modified use of the controlling electro-magnet, D, we refer to Fig. 5. The
eoils of the electro-magnet, D, are, as before, placed in any convenient part
of the circuit of the machine. The armature, E. is mounted upon a lever, 1<"
suitably supported, and free to move. The lever, F. bears a roller. R'.
against which hangs the rod, R, a,ttached to the swinging support, B, B. of
the commutators. Held by a spring, Z, away from the magnet, D, the arma-
ture, E, is free to respond to variations of its attraction. The rod, R, is suit-
ably guided and at,tached to· B, B, by a double point or link. A wheel or
roller, W, rotated in the direction of the arrow by any suitable means, is
'Placed at a small interval from the rod, R, as shown. so that the rod. R, is
<tlmost a tangent the,·eto. A band of rubber preferably surrounds !the edgJe
>!If the wheel, W. The remaining parts, S, B, B, and C, C', are as i.n Fig.
2, and ilerve the same functions. ,
"The operation is essentially as follows: On an abnormal increase of the

r.urrent '1trength, the magnet. D, attracts its armature, E, and so moves the
lever. P, as to throw the rod. R. against the peviphery of therotatlng wheel,
W. The friction of the wheel, W, upon the rod, R, so produced, results in a
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movement of the rod, R, and the parts to which it is attached, against the
elastic force of the spring, S, resulting in a readjustment of the collectors,
C, C', as hereinbefore described. A corresponding decrease of the current
strength, and release of the armature, E, the rod, R, being thown out of
frictional contaot with the Wheel, W, by the spring, Z, is followed by a read-
justment in the contrary direction by the action of the spring, S. In prac-
tice, a position of equilibrium is soon attained between the counteracting in-
fluences, such as to maintain the cUlTent at a practically normal
strengrt:b. t
"We claim: (1) In a current regulator for a dynamo-electric machine, the

combination of a device responding to changes in toe malll or generate,i
current, a shifting commutator for said machine, and mechanism controlled
by said responsive device to shift the commutator to those positions where
the cUlTent taken up by said commutator shall be constant. (2) In a current
regulator for a dynamo-electric machine, an electro-magnetic device acted
upon by variations in the main or genera,ted current, an adjustable or shift-
ing commutator for the machine, and mechanism controlled by said electro-
magnetic device to adjust the commutator to those positions where the main
or generated current taken up by said commutator shall be constant."
The following summary statement of the prior art is taken from the testi-

mony of Mr. Charles E; Scribner, an expert of conceded intellIgence and
skill, who was examined In behalf of the appellees: "To recapitulate, there
are two ways by which current re!,'1llation may be obtained: (1) By varying
the circuit resistance, which plan has been empioyed since 1878, both manu-
ally and automatically; such employment, however, not having been so
extensive of late years as that of the other method, which is the more
economical. This is best shown in Siemen's patent, No. 229,922, of July 13,
1880. (2) By varying the electro-motive force, which method has had a very
extended use since 1878, manually, and since 1879, automatically. There are
three ways in which the electro-motive force of a dynamo may be thus reg[!-
lated: (a) Varying the speed of rotation of the armature of the dynamo. (b)
Varying the strength of the field of magnetism. (c) By varying the length
.(}f the armature wire which is prQducing the electro-motive force, which is al-
ways accomplished by shi:£ting the brushes. The method of automatlcally
regulating by automatically .controlling the speed of the armature is shown
in patent 205,305, of June 25, 1878, to Sawyer and Man; also, in English pat·
ent No. 4,705, of November 19, 1878, to Frederick .John Cheesbrough; and in
various publications. The method of automa.tically regulating the current
by varying the strength of the field magmetism is shown til patent
of February 17, 1880, to Charles F. Brush,and in other publications. The
method of regulating the current by varying the length' of the armature wire
which is producing the electro-motive force is shown, as employed manually,
:In patents 211,311, of January 14, 1879, and 233,823, of October 26, 1880, both
to Edward Weston; and, as employed automatically, in patent 223,659, of
.January 20, 1880, to Thomson and Houston, and patent 228,543, of June' 8,
1880, to Hiram S. Maxim; and in other publications. In each instance of au-
tomatic regula.tion of the electro-motive force, and thereby the current, a re-
1!ponslve device connected with the main current of the dynamo has been
employed; such device controlling the supply of current to maintain It con-
stant upon any variation of the current taking place, from any cause. Of
the three methods of regulating the electro-motive force, and thereby the

of a dynamo machine, the most efficient, in the economy of power, is
the method of regulating by varying) the strength of the field magnets by
cutting Into and out of circuit It polltion of the field-magnet coils, as shown In
the patent to Brush, No. 224,511 (February 17, 1880)."
A general knowledge of erectric dynamos, and of their modes of operation,

:Is assumed. They have been elaborately explained, both by the experts and
by counsel, with all the clearness possible, probably, for subjects so abstruse;
but it Is not deemed necessary, and, within reasonable limits, it would be
impracticable, to follow, step by step, the excursions which have been made
into the tangled fields, from which the judge below was constrained to confess
that he came back more bewildered than enlightened. The essence and
the intricacy ot the case are to be found,and are sufficiently illustrated, in
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the .following questions by Mr. Taylor, and answers from the cros!il-examina-
tion of Mr. Scribner, whom counsei have called the "architect of the defend-
ants' case," and whose in most pal'lticulars, is conceded:
.' "C. Q. 31. If I understand )Tour theory of the operation of the apparatus of
Fig. 2 of patent 223,659, whena,pplied to a series dynamo running at constant
speed under varying load, it is substantially Ithis: (1) A change in the exter-
nal resistance causes a change in the. main current of the machine. (2) The
change th'!1B produced in the current of the machine causes a change in
the relative potential of the adjacent commutator segunents '!lnder the bmsh-
es. (3) This change in the relative potential of the adjacent segments causes
a change in the C'!lrrent flowing in the accessory circ'!lit and thro'!lgh the mag-
net. A. (4) By the changes of cmrent th'!ls prod'!lced in magnet, A, its con-
tact points, p, q, are opened or closed, as the case may be, and the moto)'
mechanism thus set in operation to move the bmshes backward or forward.
as the case may reqUire, to bring them to that position on the commutator
where there will be the least difference of potential between the adjacent
segments under the brushes. Is that substantially correct? A. My theory of
the mode of operation of this apparlLtus, constructed in accordance with the
patent, and operated upon such a dynamo, I have arrived at by a study both
of the patent, and of the apparatus in operation. Magnet, A, in operation,
fs lLt all times in a position of some difference of potential between adjacent
segments. This difference of potential is varied by variations of the currellt
strength. It is increased upon an increase of the current strength, and de-
creased upon a decrease of the current strength. The change pf main cur-
rent, pointed out in paragraph numbered 1 In your question, causes a changte
in the difference of potential, as pointed out in yOUT second paragraph, and
this change causes a change in the current flowing in the magnet, A, as stated
in the third paragraph; and the effect of this Is tu move the brushes bac);
ward and forward, as may be required, to bring them to that position on the
commutator where such a condition of difference of potential may exist be-
tween adjacent segments as will effect an intermittent opening and closing of
contact points, p, q, to maintain the brushes In feeble vibration at the point
upon the commutator where the commutator segments are substantially of
equal potential at the Instant such segments pass out of contact with the
brush. This results in the maintenance betWeen the brushes, main and ac-
cessory, of substantially constant difference of potential for variations of cir-
cuit resistance, the amount of difference depending upon the particular ma-
chine upon which the apparatus is employed, and upon other conditions.
"C. Q. 32. It was my des1,re to make the question a fair and exact state-

ment of the whole operation Involved in the use of the apparatus of Fig. 2
of patent 223,659, according to your view of it, as expressed in various con-
nections in your preceding testimony. You will see that it is not assumed
in the question that there will ever be a condition In which there will be
absolutely no difference of. potential between the adjacent segments, or
absolutely no current in magnet,· A. On the contrary, subdivisions two and
three assume that such difference of potential and current will always
exist, in· some degree, subject to variation by the causes stated. I gather
from your answer that the fourth subdivision of my question does not ex-
press the idea which I intended to convey with absolute exactlless, ana so
I will amend that subdivision to read as follows: '(4) By the changes of
current thus produced in magnet, A, its contact points, p, q, are opened or
closed, as the case may be, and the motor mechanism thus set in oneration
to move the brushes backward or· forward, as the case may reqUire, to bring
them to that position on the commutator where there will be the predeter-
mined minimum difference. of potential between the adjacent segments
under the brushes at the instant of separation between the main brush and
the forward segment! .With the explanation thus given, and the amend-
ment thus made, does my question fitirly express your theory of the opera-
tion of the apparatus? A. The·.amendJilentof the fourth subdivision of your
previous question brings the matter. under what may be termed instan-
taneous obsel'vation,and while it providesifor a condition of things occur-
. ring at one instant for every segment in' rotation with relation to the ac-
. cessory brush,it does not provide for the average condition of difference
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of potential between adjacent segments observed during A
dynamo in operation has its adjacent segments at the same potential only
at the precise instant of time when a condition of balance is created be-
tween the different coils of the armature and the main circuit. If we con·
sider the action as it occurs in the operation of a dynamo, and observe the
condition between adjacent segments when they are passing under a two-
part commutator brush, we find that when the two segments have, in their
rotation, first arrived at the position of contact with the two brushes, there
will be a positive difference of potential between the two segments. As the
armature advances, and commutation is effected, this difference of potential
decreases; and, as the armature further advances, this difference of poten-
tial arrives at its practical minimum at the precise instant of time when the
forward segment breaks contact from the forward brush during its rota,-
tion. This results in an average difference of potential between adjacent
segments for the period of this excursion under the brushes, and this average
difference of potential may vary as the apparatus of the adjuster is applied
to different machines. It may vary with the same machine as the spread of
the two brushes, main and accessory, is varied. The fourth subdivision of
your former question, failing to take cognizance of this condition of practice,
called for the extended answer I gave. Your amended fourth subdivision,
assuming a condition which occurs only at one instant of time, and continues
only during the time occupied by a point in passing a point, will not permit
a categorical answer to the question.
"C. Q. 33. I see the propriety of your criticism, and I will restate subdi-

vision 4 of my question to read as follows: '(4) By the changes of current
thus produced in magnet, A, its contact points, p, q, are opened or closed,
as the case may be, and the motor mechanism thus set in operation to move
the brushes backward or forward, as the case may require, to bring them to
that average difference of potential between the adjacent segments under
the brushes which will result in securing the minimum of difference of po-
tential at the instant of the separation of the forward segment and the main
brUSh, and so securing a practical minimum of sparking.' Is this a sub-
stantially correct statement of that part of the operation covered by SUbdi-
vision 4 of my question, according to your views? A. It is.
"C. Q. 34. You have, in your testimony in this case, qescribed the opera-

tion of a number of devices exhibited as reproductions of the apparatus of
Fig. 2 of patent 223,659.-some of them by the complainant, and some by the
defendants; and you have stated, I believe, that in every such case the
mode. of operation of the device, when applied to a series dynamo running
under varying load. was, in your opinion, the same as the mode of operation
of the apparatus of the pate)lt in suit, as therein set out. Did you. in the
expression of that opinion in all these cases. have in mind the mode of opera-
tion of the apparatus of Fig. 2 of patent 223,659, set out in my C. Q. 31, as
amended in my last preceding question'/ A. I certainly had in mind the
mode of operation of the apparatus as it had been observed. and the mode of
operation as pointed out in your last question is substantially that of the
apparatus as I witnessed it in operation. This mode of operation, as pointed
out in your previous question, subdivision 4, and C. Q. 31, subdivisions I, 2. 3,
of the apparatus 223,659, employed in connection with a series arc-lighting
dynamo, is the mode of operation of the apparatus of the patent in suit: (1)
4. change in the external resistance causes a change in the main current of
the machine. (2) The change thus produced in the main current of the
machine' causes a change in the relative potential of the adjacent commuta-
tor segments under the brushes. In the patent in suit there are but two
brushes upon a three-part commutator, and these brushes always rest upon
adjacent commutator segments. (3) This change in the relative potential
of these adjacent segments causes a change in the current flowing through
the magnet in the patent in suit which corresponds with magnet, A, of pat-
ent 223,659. (4) By the changes of current thus produced in this responsive
magnet, its contact points, p, q, are opened or closed, as the case may be,
and the motor mechanism thus set in operation to move the brushes back-
ward or forward, as the case may reqUire, to bring them to that position on
the commutator where there will be the same difference of potential be-
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'tween the adjacent segments under one ot the collecting brushes' as will
secure the minimum difference of potential at the instant of separation of
the forward segments and the main brush,and so secure a practical mini-
mum of sparking. In the patent in suit the difference of potential between
the two terminals of the responsive electro-magnet is. maintained constant
by this mode of operation; it being placed in the main current, and this
effect taken advantage of. In patent 223,659 the difference of potential be-
tween the terminals of electro-magnet, A, is also maintained constant, and
the same advantage is taken of this effect to control the operation of the
apparatus. The mode of operation of both depends upon the capacity of
the responsive magnets to maintain a constant difference of potential at
their terminals by their control of the shifting brushes.
"C. Q. 35. Professor Cross states that in the spark-adjuster apparatus con-

structed under his direction the resistance in the accessory and main circuits
was such, to the point of their junction, relatively, that, when the accessory
and main brushes were connected in parallel with the same source of cur-
rent, no appreciable current flowed in the accessory circuit; and you have
stated that in one of the spark adjusters constructed by you the same rela-
tion existed. I will ask you whether or not, in your opinion, this is a proper
feature of construction to be given to the apparatus of Fig. 4, of patent
223,659, in order to give effect to the mode of operation set forth in that pat-
ent? A. If we assume the brush, C, shown in Fig. 2 of patent 223,659, to
have an appreciable resistance, then magnet, A, might be varied in resist-
ance through the ordinary range of magnet winding, and no appreciable
current would flow through it, under the conditions mentioned in your ques-
tion. It is only upon the assumption that an appreciable resistance is had
in the path through the main brush, C, to the junction of the two circuits.
that proportioningof the resistance of magnet, ,A, to the resistance of the
main brush circuit would have any effect. As to the propriety of proportion-
Ing these resistances, the patent gives no information upon which to base an
opinion. The' proportioning of', these resistances, one wilY or the other,
would not necessarily affect the mode of operation of the apparatus. I be-
lieve Professor Cross has expressed 'substantially the same opinion in his
answer to C. Q. 236; 237, and 338, page 819 ofcomplainant'srecord.
"C. Q.36. I taktf it from your answer that you regard the method of con-

struction pointed out in my last question as a proper, but not, in your
opinion, necessary, method of construction, in order to realizll the invention
of the patent. Am I correct in this? A. I do not think that the patent con-
'templates any proportioning whatever of these paths. That a proportlonlnl;
of these paths to secure the. result of no current in the accessory circuit
might be had, which would be improper, is quite ce,rtain. If the resistance
of the accessory path were propo.rtioned sO high, relatively to the main cir-
cuit, as to prevent effective current to flow through the' accessOl,'y circuit,
even when the main and accessory brushes were on different segments, we
would havean improper construction of this apparatu!!. It may be so pro-
portioned with respect to these resistances as to insure proper construc-
tion, and the invention of the patent realized. The same adjuster, applied
to one machine, and .submiUed to this storage-battery test under considera-
tion, might be found to be properly proportioned for that machine, but when
submitted to the same test with another machine,although fulfilling the re-
quirements Of the test as before (that is, having no current through magnet,
A, under ,the conditions named), would now be found to be improperly pro-
portioned, and possibly inoperatlve upon the new machine. .
"C. Q. 37. I think, possibly, you have taken my question .In a sense which I

did not intend. What Is the resistance, or is there any, of appreciable amount,
in the main brush itself, including the resistance of its contact with the com-
mutator upon the dynamo, as ordinarily 'used? A. There is an appreciable re-
sistance In the main brushes,' and their contacts with the commutator seg-
ments in rotation; the amount of this resistance depending upon the con-
dition of the commutator cylinder, upon the length and cross section and ma-
terial of the main brushes. I should say this resistance might be as high
as one-tenth of an ohm, possibly higher. I think, in the Brush dynamo, it
miliht be found to be higher, and in the old forms of the Thomson and
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Houston dynamo as well, although I cannot speak with positiveness upon
this point.
"C. Q. 38. In order that the current :flowing in magnet, A, shall be due at

all times to the difference of potential between two adjacent commutator seg-
ments,-one in contact with the main brush, and the other with the accessory
brush,-it is necessary, is it not, that the resistance of the accessory circuit
shall be sufficient to exclude all appreciable current from it when the two
brushes are connected in parallel with the same source of current? A. If
I understand your question, the meaning of which is a little uncertain to
me, I must say that I do not think that this is necessarily so.
"C. Q. 39. If there is not this relative ditl'erence between the resistance of

the accessory circUit and the main brush circuit, will not the accessory brush
act, in effect, as. a mere subdivision of the main brush, and take up more
or less current which is not immediately due to the difference of potential
between the two adjacent commutator segl,lents under the brushes? A.
Even if there is this relative difference between the resistances of the acces-
sory circuit and the main brush circuit, some current will :flow in the ac-

circuit when the two brushes are on the same segment, as a result of
the self-induction of the magnet, A. Your present question, and the one
preceding it, call for a consideration of the operation of this adjuster appa-
ratus from instantaneous views of the same at two ditl'erent moments during
the rotation of the commutator; one instantaneous observation being had
at a moment when the main and accessory brushes are on' different com-
mutllltor segments, the other instantaneous observation being made when
these two brushes are in contact with the same segments. 1.'he electro-mag-
net, A, in operating to open and close contact points, p, q, requires, in order
to operate ·these points, sufficient current to enable. its magnetism to over-
come the pull of the retractile spring, S, of the armature. When there is a
sufficient difference of potential between the main and accessory brushes,
by reason of their resting upon adjacent commutator segunents, to give suffi-
cient current to magnet, A, to overeome the pull of spring, S, then the con-
tacts, p, q, would be operated, and the brushes adjusted in response. When
both brushes are on the same segment, if the resistance of the circuit of the
main brush should be so great as to still create a difference of potential be-
tween the ends of magnet, A, current would :flow through magnet, A, as a re-
sult of that difference of potential. If, now, this difference of potential, and
the current resulting from it, is of less value than that secured when the
brushes are on adjacent segments, then magnet, A, would not be strong
enough to overcome the retractile spring, S, and no effect of adjustment of
the brushes would be had. Magnet, A, before it can operate to move the
brushes through the control it has over the motor mechanism, must have
sufficient current flowing through it to overcome this retractile spring, S,
thus closing contact points, p, q. Any current flowing through this ma,gnet,
of less strength than thllJt required to overcome spring, S, would be of no
substantial effect upon the action of the apparatus. It would be, in a meas-
ure, like the polarizing of electro-magnet, A, simply creating a condition of
magnetic tension in this magnet, the real control and operation of the mag-
net being dependent upon the current resulting from the larger differences
of potential to be found when the brushes are upon adjacent segments. At
the moment of either of these two instantaneous observations of the ap-
paratus, the current which :flows in magmet, A, results from a difference of
potential between the two brushes; in the one case the difference of
potential being caused by the brushes resting upon different portions of the
commutBitor at which there is a difference of pressure, and in the other
case the difference of potential results from a difference in the resistance of
the two paths through which the current of the machine may flow.
''0. Q. 40. I think I understand your answer, and I gather from It that,

in your opinion, there might always be found :flowing in the accessory circult
some current other than tha.t due wholly to the difference of potential be·
tween the adjacent segments; that the effective operation of the apparatus
would not depend on that current (which might be more or less without ma-
terially changing the result), but upon the variable current produced by the
variable difference at potential between adjacent. segments. AmI right?
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A. In my answer to your last preceding question, I sought to make it clear
that a material current might flow in magnet, A, without substantially chan-
ging the mode of of 'the apparatus, if this cUl'Tent were of less
value than that resulting from the ditferences of potential between adjacenrt;
segments. Of course, the presence of such currents would have an effect up-
on magnet, A, to magnetize it; but the control of magnet, A, over the move-
JUents of the adjuster, would be determined by the changing of its condition
through the variations of potential difference' of adjacent segments. With
this explanation, I answer your question in the affirmative.
"C. I.,l. 41. Why is it that a change of the strength of the main current

changes the relative potential of the adjacent segments of the commutator
under the brush? A. I have, I think, answered this question in my consider-
ation of the subject of the actions which take place in a dynamo under chan-
ges of circuit resistance, in my first deposition in this case; for example, in
answers to interrogatories 4 and 10. I will endeavor ,to make a brief answer
to your question. 'fhe current of most dynamo mach.nes is the result of the
sum of the differences of potential of several coils upon the armature. In
the Thomson-Hollston three-coil dynamo, the current is the result of the dif-
ference of potential of two coils at anyone time. 1.'he difference of potential
that exists at a given moment be,tween the two ends of any particular coil of
the machine is determined by its own electromotive force, which is at that
moment generating, modified by the difference of potential of all of the other
coils of the machine, together with the condition of circuit resistance that
exists at this moment. 'l'he difference of potential that exists at any, moment
is thus controlled. If we consider the actions which take place in a dynamo
machine durillgthe period of rotation of the armature wben the two brushes
of a pair are on adjacent segments, the condition which will prevail at the
tips of these two brushes will depend upon the electromotive force of the
coil upon whose segments the brushes rest, upon the electromotive force of
ail of the other coils of the armature, upon the resistance in the main cir-
cuit operated by the machine. and upon the resistance of the different coils of
the machine. A variation from the prevailing condition at this moment oc-
curs, as a result of a variation of the circuit resistance, or by a variation of
the speed of the dynamo. either of which variations produces a different con-
dition of potential strength at the different coils of the machine, including
the coils upon whose segments the brushes are supposed to rest. It is thus
that a variationof the speed of the machine, or a vatiation of circuit resist-
ance, by varying the strength of the current of the main circuit and the cur-
rent flowing in the coils of the armature, causes It change of current in an
accessory circuit derived from the al'mature.
"C. Q. 42. The summary which you have given in your last answer is not

intended to modify or change the views expressed by you in 'your former
deposition, to which you have referred, is it? A. I have answered this last
preceding question without reference to the correctness or incorrectness of
any opinion as expressed by me in giving my former testimony in this case.
My answer is based entirely upon my understanding of the matter as ar-
rived at after several years of careful study of this sUbject. It is even pos-
sible that I may have, in the past two years, somewhat modified my opinion
on subjects treated of in my earlier deposition. If it is your wish that I
should examine that deposition, and make corrections in the testimony, based
upon my later irivestigations, I shall be glad to do so.
"C. Q. 43. I do not know that it is necessary, for the present inquiry, to

go over so much ground as was occupied in your former discussion of the
subject. All that I care for is to be sure that I understand your views upon
some particular p6ints. From your former deposition, I !:lave ga,thered the'
impression that the prevention of spark, at .the commutator depends upon
the introduction of the coil, which is at that instant changing its relation
from one side ot the dynamo to the in such a manner that it shan not
produce any offer any resistanj)1'l tpthe fl'ow of the current which is
being generated upon that side of the dyhatrlQ irlto which the coil is being in-
troduced, and that this requires that the 'cW'reht in the incoming coil, due to
its self-induction, shall hlj.ve been extingUished, and its .ohmic resistance
overcome, and a current set up· III it equal in value to the current whicb it
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is to receive from that side of the dynamo into which it is entering by the in-
stant at which the forward tip, or the forward commutator brush, breaks
contact with the leaving segment, so that the current of the dynamo shall
find at that instant in the newly-introduced coil a path of no resistance. Is
that substantially correct? A. I think you have obtained a substantIally
correct impression of the explanation I have made of the cause of sparking.
A coil in that portion of the armature, tmveling under the influence of one
pole of the field, has current flowing in it resulting from a difference of po-
tential caused by such motion. This same coil, passing out of the influence of
the first field, and into the influence of the other field, has current flowing
through it in a reverse direction. It is in the transposition of the coil from
one field to the other that the changes pointed out in your question are tak-
ing place; and the overlap of the brushes, and the adjustment of the brushes
upon the commutator with relation to the strength of the current flowing in
the other coils and in the main circuit, and the resistance included in the
main circuit, determine the instant when the necessary condition pointed out
in your question shall be arrived at.
"C. Q. 44. During the time that these changes are taking place, it is neces-

sary, is it not, that the incoming coil shall be short-circuited by contact of
the brush with the two adjacent commutator segments into which its termi-
nals are connected? A. Yes; or by some equivalent means.
"C. Q. 45. The length of time necessary to effect these changes in the in-

coming coil-that is, to extinguish its current due to self-induction, overcome
its ohmic reSistance, and set up in it a current equal in value to the current
of the dynamo--depends, does it not, upon the effective strength of the mag-
netic field through which it is passing? A. The strength of the field through
which the coil is passing is one factor upon which this length of time de-
pends. The other factors upon which this length of time depends are
numerous. The amount of overlap of the brushes,-that is to say, the
distance the coil rotates while under the brushes, the number of turns of
wire upon the coil itself, the amount of iron within the rotating
armature, the strength of the current flowing through the different parts of
the apparatus, are all famors in determining the length of time. The reac-
tion of circuit resistance changes in the main circuit upon the field magnet
itself, and upon the armature is an important factor in determining this
length of time.
"C. Q. 46. I had in mind, in asking my question, that most of the factors

which you have named should be regarded as given. For greater clearuess,
I will put my question in this way: I assume that the dynamo, in all its
parts, has been designed and constructed to produce a current of given value;
that it is to run at a constant speed, and under a constant load. This fixes,
I think, all the conditions which affect the transposition of the incoming
coil from one side of the dynamo to the other, except the length of time
during which it shall remain short-circuited, which is, I suppose, another
way of saying the length of time dUring which its terminals shall be con-
necten hy the commutator brush. Now, assuming all these conditions, is it
110t true that the length of time during which that short-circuiting is to con-
tinne depends upon the effective strength of the magnetic field through which
it passes? A. Assuming all of the factol'S which affect this time as fixed,
the length of this time will depend directly upon the effective strength of the
magnetic field from which the shom-circuited coil obtains its electromotive
force. A variation in the strength of field would vary this time, or a varia-
tion of any of the factors would vary this length of time.

* * * * * * * * ••
"C. Q. 93. The view which you have expressed in regard to the electrical

actions which take place in the operation of the spark adjuster and the cur-
rent reg-u]ator, respectively, seem to me to involve, from your standpoint,
these diEitinctions: 1. In the .current regulator, the variations of current in
tire controller magnet upon which its action depends are the identical varia-
tions from the standard cun'ent which are sought to be corrected. Hence
the variations of current in the controller magnet of the current reguiato;

not, in any true sense, by the variations in the main current be-
cause are those very v;ariatioJ;lS in their original, unmodifled form: 2.
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In the spark adjuster the variations of current in the controller
which determine its action depend directly UIJ(ln variations in itbe relatIve
potential of the adjacent commutator segments under the brushes. This
relative potential is affected by: ,(a) The strength of ;the main current: (b!
the length of time during which the incoming coil is short-circuited by the
commutator brush; (c) the eJrective strength of that IJ(lrtion of the mag-
netic field through which the incoming coil passes while short-circuited.
These are all variables. The current is varied by changes of resistance In
the circuit: the length of time during which the incoming coil is short-cir-
cuited is varied by change in the collecting area of the brushes: and the
effective magnetic strength of the field in which the short-circuiting takes
place is varied by changes of the whole field strength, or changes in the
place occupied by the coil in the field while short-circuited, if the field is not
uniform. In actual operation, one of these elements may vary, while two re-
main constant, or two may vary and one remain constant, or all three may
vary at once. In a constant current series dynamo, so constructed as to
possess a uniform field, and provided with brushes of unvarying overIap, the
current alone of the three variables named will vary during operation under
changes of load. In a constant current series dynamo having a nonuniform
field and unvarying overlap, the current and the effective magnetism of that
part of the field in which short-circuiting takes place will vary in operation
under changes of load. In such a machine having an adjustable spread in its
brushes, all three of the elements will vary together. Traced to its source,
the effective variation of current in the controller magnet of the current reg-
ulator depends directly on one variable, viz. the resistance in the circuit.
Traced to its source, the effective variation of current in the controller mag-
net of the spark adjuster depends directly on the variation of the relative po-
tential of the adjacent commutator segments under the brushes, and that de-
pends on the three variables named. The action of the controller magnet of
the current regulator Is an Immediate and p,roxlmate consequence of a change
In the current of the machine. The action of the controller mag-net of the
spark adjuster is a secondary and remote consequence of a change- in the cur-
rent of the machine. such remote consequence resulting directly from an in-
termediate consequence of such change, viz. a change in the relative potential
of the adjacent segments under the brush. I do not ask you to express an
opinion whether these differences are material, or not, or whether one of
these modes of controlling the controller mag-net is the equivalent of the
other, or not, but to state simply whether the differences which I have point-
ed out do or do not exist. For simplicity, I assume throughout my question
the presence of a uniform speed in the dynamo. A. The views which I have
expressed in regard to the electriC'al actions which take place in the opera-
tiOIl of the spark adjuster and the current regulator do not Involve, from my
standpoint, the dIstinction you make Ioyour questIon. In the current regu-
lator the variations of current in tIre controller magnet, upon which it$ action
depends,· result from varIatIons of potential at the terminals of thiS magnet,
these variations of potential being caused by the variations in the main cur·
rent. Precisely the same statement Is the truth with reference to the con-
troller magnet of the spark adjuster, and the statement In your question.
under the second SUbdIvisIon, with reference to the controller magnet of
the spark adjuster, is equally true of the controller magnet of the current
regulator, to and including the second division (a). SUbdivisions band c
should not be variables, but should be constants, and in the Thomson-
Houston three-colI '79 dynamo, and in the Weston dynamo, and other dy-
namos of that period, they were constants. Where they are not constants
they merely modify the effect whIch· changes in the main current produce
upon the controller magnet. The action of thIs controller magnet In no wise
depends upon either '(b) the length of time durIng whIch the Incoming colI
fS short-circuited by the commutator brush,' nor upon '(c) the effective
strength of that portIon of the magnetic field through whIch the incoming
coil passes whIle short-circuited' for its operation. These alrecting conditions
(b and c) acting simply and solely to shunt a portion of the main current
through the controller magnet of the spark adjuster. The current which
fiows from the main circuit through the controller magnet of the current
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regulator is precisely the same current as that which flows through the
controller magnet of the spark adjuster. Changes in the strength of tile
main current are changes in the current of the controller magnet of either
device. Your question assumes a dependence of the controller magnet upon
variable actions, which variables are themselves made variable by changes
in the current, and suggests an indirectness of action of the main current
upon the controller magnet. This is not correct. The variations of cur-
rent in the controller magnet of the spark adjuster are the ol'iginal varia-
tions of current as caused by changes of circuit resistance. The variables
\\'hich are affected simultaneously with the change of the condition of
the controller magnet of the spark adjuster are affected by the same
change of current which controls the controller magnet. The difference
of potential between the main and accessory brushes in the spark-adjuster
apparatus is caused by the current flowing in the circuit, just as the differ-
ence of potential at the terminals of the controller magnet of the current
regulator is caused by the current flowing in the main cireuit. As a result
of this differenee of potential, a part of the main current is shunted through
the controller magnet of the spark adjuster, and this currcnt, in its varia-
tion, effects the adjustment of the brushes. While I have already endeavored.
all through my testimony, to make it clear that the difference of potential
between adjacent segments and the amount of such ditl'erence of poten-
tial depended upon the strength of the magnetic field, the amount of col-
lecting area of the brushes, and the strength of the main current, I have
also endeavored to make it clear that these things acted simply to de-
termine a condition, and that the result of this condition thus determined
was the flow of a portion of the main current through the controller magnet
of the spark adjuster. Magnet, A, of the spark adjuster, is therefore in a
position where a difference of potential causes a portion of the main current
to flow through its coils, this difference of potential resulting from the
pressure of the main current to flow through the short-circuited coil. A
variation in the strength of the main current is a variation in the current
of the controller magnet. Of course, it is at the same time a variation in
the potential difference between adjacent segments, and at the same time a
variation in the strength of the field magnet of the dynamo. These col-
lateral effects have no part in determining the variation of the controller
magnet. Traced to its source, the effective variation of current in the con-
troller magnet of the current regUlator depends directly on one variable, viz.
the resistance of the current. Traced to its source, the effective variation of
current in the controller magnet of the spark adjuster depends also on one
variable, and the same variable upon which depends the effective variation
of current in the controller magnet of the current regulator, viz. the resist-
ance in the circuit. Your question states that, 'traced to Its source, tEe
effective variation of current in the controller magnet of the spark adjuster
depends directly on the variation of the relative potential of the adjacent
commutator segments under the brushes, and that depends on· the three
variables named.' This is entirely incorrect. 'l'he action of the controller
magnet of both the current regulator and the spark adjuster is the imme-
diate and prOXimate consequence of a change in the current of the machine,
and the action of the controller magnet of the spark adjuster is in no wise
a secondary and remote consequence of a change in the current of the ma-
chine. You attribute to a result to be corrected for the importance of a con-
trolling condition. The real controlling condition is a change of current
'which in the spark adjuster acts directly upon the controller magnet, simUl-
taneously producing the new condition of potential difference. By response
to the change of current the current is corrected.
"C. Q. 94. A careful reading of your last answer has led me to doubt

whether, after all that has .been said, I have an entirely correct understand-
ing of your view of the operation of a dynamo during the transposition of a
con from one side of the field to another. I shall recapitulate very briefly
the points upon which I want to be entirely clear. I understand, first, that it
is necessary, in order to transfer a coil from one side of the field to the othel"
without a shock to the current, that during the period of the transposition
It shall lose its current in one direction, and acquire a current in the other
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direction even [equal] to that flowing in the coils with which it is to tal;:e
. its place in series; and, in order that this reversal shall take place, the in-
coming coil must be short-circuited through the segments of the commutator,
at its terminals, for a long enough time for the change to be effected. This
short-circuiting, as I understand it, is accomplished by causing the com-
mutator brush to make simultaneous contact with those two segments, and
keep up that contact until the necessary period of short-circUiting has
elapsed. Is this a correct statement of the matter, so far, according to your
views? A. A comparison of my last answer with my testimony given in
response to your interrogatories does not show me any cause for the doubt
which you express. I have endeavored to arrive at a perfect understanding
of your interrogatories, and have, to this end, freely discussed, off from the
record, all questions upon which I was not clear. I have gone so far as to
give a full explanation of the actions occurring in dynamos, and, by a dis-
cussion of those actions, have sought to facilitate the framing of questions
to insure a perfect understanding between us as to the true meaning of such
questions. I confess myself surprised at the statement contained in you!'
last preceding interrogatory, to the effect that my expressed views wOilld
seem to involve the distinctions pointed out in that interrogatory, as well
as the expression of doubt contained in your present interrogatory. Your
statement in the present interrogatory of the necessary actions to insure the
proper transfer of a coil from one side of the armature (not field) to the
other is, I believe, substantially correct.
"C. Q. 95. I did not intend to intimate that there has been any want of

fullness and clearness in your answers. If I have not exactly understooLi
them, I am entirely willing to admit that it has been my own fault. Pur-
suing for a moment further the subject of tIle last question, I will say that.
for the purpose of short-circuiting the incoming coil, it is not material, as I
suppose, what precise form of brush is used, so it makes and preserves the
short circuit for the necessary length of time. This may be accomplished by
a single flat brush and spirally slotted commutator, or a flat, flexible brush,
or a compound brush, all operating in substantially the same way, provided
they make and maintain the short circuit at the proper time, and for the
necessary length of time. I recognize, of course, the necessity of special
construction where it is desired to vary the overlap during operation. Is thIS
also correct? A. Properly interpreting your statement with reference to
the necessity of a special construction to secure variable overlap, your sup-
position is correct. This special construction is necessary where the spark-
less condition is adjusted for during variations of circuit resistance in the
particular types of machines we have considered which possess improperly
proportioned pole pieces. Where it is necessary to secure sparkless com-
mutators for variations of circuit resistance by an adjustment of the brushes,
a construction of the dynamo which will permit this adjustment without
other injurious actions must be employed. In an arc-lighting series dynamo,
a variation of circuit resistance varies the current. Dec['easing this resist-
ance increases the current. Violent sparking accompanies the action. We
have here, then, two abnormal conditions to be adjusted for. An adjustment
whkh.corrects for the one, and does not correct for the other, would be of
no value, and no one would contemplate its employment. The sparking
would destroy the commutator. The excessive current would destroy the
coils of the machine, and render the lamps ineffective in their action.
Therefore, in adjusting the brushes for the injurious effects reSUlting from
changes of circuit resistance, such a construction of the brushes and com-
mutator must be employed as will admit of rotation of the brushes and a
reduction of the total electromotive force of the macllineat the same time
the sparking is mitigated. To secure this the proper action resulting from
overlap must be acquired by the employment of a suitably constructed com-
mutator and brush. If we confine your question to a consideration of spark-
ing alone, and leave out of consideration the question of variations of circuit
resistance, then your supposition I believe to be correct.
"C. Q. 96. I will suppose, for my present question, the employment of a

compound brush of invariable spread,and that its two divisions are sep-
arated so far that they will form contact with the two adjacent segments of
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the commutator simultaneously. At the instant after contact has been
formed between the forward brush and the segment passing under it, one
of these brushes resting on one segment, and the other on the one following.
the short-circuiting of the incoming coil would be complete through the com-
pound brush. Now, if I understand you rightly, at that instant of time
the incoming coil presents a high resistance to the flow of current from
that side of the armature in which it is coming; and hence, I take it, the
greater part of the main current must flow by way of the forward segment
and the forward brush. As the short-circuited coil loses its self-induced cur-
rent, and acquires current in the other direction, the resistance which it
offers to the flow of the main current decreases until at the instant when tIle
forward brush breaks contact with the leaving segment. If the commuta-
tion has been perfectly performed, it presents no resistance to the flow of
the main current, and hence the main current takes that path without any
spark between the commutator segment and the brush. Is that a correct
statement of that part of the process? A. It is.
"C. Q. 97. It follows, I take it, therefore, that the amount of current which

flows through the forward brush passes through a variation from a maxi-
mum to a minimum between the time of its first contact with each segmerit
and its separation from that segment; the maximum including substan-
tially the whole current from the coils on that side of the armature, and
minimum, in the case of perfect commutation, a practical zero? A. Yes;
this is a correct way to take an instantaneous view of each possible posi·
tion of the apparatus during the excursion of a segment under a brush.
The practical effect of this is to procure an average division of the main cur·
rent of both halves of the; armature through the two members of the brush.
Your question would be a more strictly correct statement if, for the phrase,
'the maximum including substantially the whole current from the coils on
that side of the armature,' you substitute the phrase, 'the maximum being
substantially the whole current of the dynamo.'
"C. Q. 98. In such a case, is the relative distribution of the current between

the two brushes affected by the· completeness or incompleteness of the com-
mutation; and, if so, how? A. The effect upon this forward brush of in-
complete commutation would be to slightly vary the value of the current
flowing through the forward brush. Let us take a practical case for consid-
eration. With a dynamo operating a series of arc lamps, and the brushes
of the type under consideration operating to collect the current with proper
and complete commutation, we have the condition pointed out in your last
preceding question and my answer thereto. Now, if we cut out a part of
the lamps, and observe the actions at the dynamo and in the main circuit.
we will find a largely increased current in the main circuit and in the coils
of the dynamo, and we find the condition of incomplete commutation. Be-
fore making the change in the number of lamps, the current in each member
of the compound brush possessed an average value. This average value for
each brush we find increased in proportion to the increase of the current in
the circuit, modified slightly by the effect of undercommutation. 'rhe cur-
rent in both brushes increases. That of one brush will increase slightly
more than that of the other, because of the effect of undercommutation.
"C. Q. 99. The effect of undercommutation is to increase the resistance

of the incoming coils to the flow of current from that side of the armature,
is it not, and hence to increase slightly the relative flow of current through
the forward brush? A. You do not state it all. The effect of undercommu-
tation is to increase the apparent resistance of the coil to current flowing
up from the forward coils of the armatures, and also to decrease the reo
sistance of this coil to the current flowing up from the back coils of the
armature. Thus the value of the definite portion of the total main current
which shall flow through the forward brush is determined. Once determined,
any variation in this current is likewise variation of the current in the for-
ward brush. Indeed, it is upon this fact that my answer to your interroga-
tory 93 was based, and I have practically demonstrated the correctness of
the fact.
"C. Q. 100. If a magnet were placed in circuit with the forward brush in

such case, but not with the rear brush, the current in the magnet would
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experience not only the direct changes of the main current strength of
the dynamo under changes of resistance in the circuit, but also a class
of minor changes depending upon variations in the completeness of com-
mutations produced such changes in the main current. Is that correct?
A. Taking an instantaneous view of the condition of this magnet, it would
theoretically experience minor changes resulting from the effect of improp-
er commutation. These minor changes wouid not determine in any degree
the variations in the magnet, but would possibly modify the effect (}f such
changes to a limited extent. Practically speaking, the result of such a con-
struction, which, of course, is that employed in the adjuster apparatus of
patent 223,659, is to produce in this magnet an average current which is a
fixed and definite portion of the main current, the changes in which control
the actions of this magnet. In practice, the modifying effect of improper
commutation is of no importance, and is the effect of a collateral condition
brought about simultaneously with the .change in current strength. To-
take a practical case, if such a structure were employed upon a dynamo car-
rying a given load, with proper commutation had at the brushes, a definite
portion of the current of both halves of the armature would be directed
through the forward brush and through the electro-magnet connected to that
brush, as suggested in your question. Now, upon cutting out a portion of
the lamps, the strength of the current of the machine would be SUbstantially
increased, and, of course, the strength of the current in this electro-magnet
would be increased. Another result of the increase in the strength of the
current would be undercommutation, which will have the effect to again
slightly increase the current fiowing through the magnet. It does not pro-
duce a current in the magnet, but simply acts to increase very slightly the
proportion of the main current which at that instant fiows through this mag-
net. Upon an adjustment of the brushes to reduce the main current, the
current of the forward brush is likewise reduced and at the same time the
result of proper commutation is secured.
"C. Q. 101. Are these variations the variations to which you have referred

in your previous testimony as determining the action of the controller mag-
net in the adjusting apparatus of Fig. 2 of patent 223,659? A. Yes; the;v
are. This controller magnet is in circuit With the forward brush, and a
definite portion of the main current is shunted through its coils by virtue of
these actions which I have described. It is in response to the variations of
this current that the controller magnet of the adjuster apparatus shifts the
brushes to the point upon the commutator where proper commutation is
effected, and where this definite portion of the main current flowing through
the controller magnet is maintained constant, and consequently where the
main current in the exterior lamp circuit is maintained constant. That this.
action of the apparatus of the automatic adjuster was contemplated by the
inventors is apparent by a consideration of the drawing, Fig. 2, and the spec-
ification. The statement on page 2, lines 89 and 95, inclusive, as follows:
'The accessory collector, C3, may be directly connected with the main collec-
tor, C, or in certain cases completely dispensed with, as, with a proper adjust-
ment effected on one side of the axis, the opposite collector may be set to a
position corresponding thereto,'-means that brush, C3, connected directly
to brush, C, forming a direct compound brush, is the equivalent of, and pro-
duces precisely the actions of, brush, C2, connected through magnet, A, to-
brush, C. It is apparent that these acts of commutation that I have de-
scribed are to take place alike in both the upper and lower compound
brushes. It is also evident that the resistance of magnet, A, must be low
enough to offer no substantial interference to proper commutation. It was
upon a consideration of this portion of the specification, and the knowledge
I possessed of the actions in commutation, that I employed a low resistance
in magnet, A, of the apparatus I constructed, which apparatus has been
introduced in evidence by the defendants in this case. The magnets em·
ployed by the complainants in their exhibits of the same adjuster apparatus,
while of higher resistance than that employed by me, were still of low-
enough resistance to permit the proper operation of the apparatus as an ad-
juster, but were, from my standpoint, of too high resistance to permit
proper commutation after the manner pointed out in the patent. In all of



THOMSON-HOUSTON ELECTRIC CO. v. WESTERN ELECTRIC CO. 91

the apparatus employed by the complainants to represent the adjuster of
patent 223,659, proper commutation was secured by means of an overlap or
collecting area of the brushes, independent of that secured' by the accessory
brush. The magnet to represent magnet, A, in complainant's apparatus
was purposely made high to preclude the possibility of the accessory brush
and its circuit through magnet, A, acting to produce commutation. That
the patent did not contemplate suob a construction is certain, and the evi-
dence of this fact be found in the portion of the specification quoted,
when taken in connection with the drawing and the rest of the specification.
"C. Q. 102. I perceive now clearly where it is that I have been proceeding

under a misunderstanding of your views throughout this entire cross-exam-
ination. I have assumed throughout that, in the construction of the spark-
adjuster apparatus, there was provided, first, a main collecting brush suill-
clent for the purpose of commutation without spark, provided it was set
at the right place on the commutator, and that the accessory brush was
something additional to that. Being now advised that you have, all along,
held a different view, viz. that the accessory brush of the spark adjuster
of patent 223,659 is simply the forward half of a compound brush, your
whole testimony assumes a new meaning; and I was therefore entirely
wrong in propounding question 93 in the supposition that I was looking at
the matter from your standpoint. I take it, from what you now say, that
in the apparatus made by you, and in all the testimony given by you In re-
spect to the operation of the apparatus of patent 2'23,659, we are to under-
stand that what is called the 'accessory brush' is simply the forward mem-
ber of a compound brush. Am I right in that? A. In your present ques-
tion, you appear to have discovered a distinction between a main brush and
.an accessory brush, employed together upon a commutator, and a structure
known as a 'compound brush.' No distinction can be made between these
two structures. They are one and the same, mechanically considered; and
the operation of the apparatus is the same, whether either structure is em-
ployed. Upon the addition of an accessory brush to an existing structure,
such accessory brush or feeler becomes at once a part of the compound
brush, and at once enters into, and partakes of the functions and duties of,
such compound brush. If this were not true, the apparatus would be in-
capable of operation. There is no real basis for a misunderstanding be-
tween us on this point. I think this will be evident to you if I suggest a
question you might have put to me, and its answer, viz.: 'Q. If a magnet
were placed in circuit with the forward brush in such a case, but not in
circuit with the rear brush, what would be the effect of the resistance of
the magnet upon the current which ordinarily finds passage through such
forward brush?' This question, if asked after C. Q. 99, would be answered
as follows: 'A. The presence of the resistance of an electro-magnet in cir-
cuit with the forward brush acts to vary its capacity to effect commutation
to an extent dependent upon the amount of such resistance. The forward
brush, in this event, becomes an accessory brush, and performs a smaller
portion of the commutation, the real' brush performing a larger proportion
-of the commutation. In case of the employment o{ such a magnet, the pro-
portion of the main current which shall flow through the accessory bl'Ush
and magnet and the rear brush will depend upon the resistance of the mag-
net.' (End of answer.) Your assumption in your present interrogatory that
throughout there was provided, first, a main collecting brush sufficient for
the purposes of commutation without spark, provided it was set at the right
place on the commutator, and that the accessory brush was something ad·
ditional to that, Is quite correct, if you assume, as it seems to me you must
assume, that the added accessory brush, when added, becomes a part of the
system of commutation. Sparking always takes place at the tip of the
bl'ush last in contact with the moving segment. This, in the adjuster ap-
paratus, Is the tip of the accessory brush. The distinction drawn is a dis-
tinction of words only. The real misunderstanding, if indeed there be a
substantial misunderstanding between us, is found in your supposition made
in C. Q. 93,-that the magnet In the accessory brush circuit responded to
differences of potential between adjacent segments in a secondary manner;
that is to say, a change in the main current caused a new condition, as t()
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potential difference, to exist between the segments, and in response to this
new condition a new current was set up in the magnet. The fact is, this
new condition of potential difference at the segments, while being a result
to be corrected for, is but a collateral condition, and in no wise a determin-
ing condition. Even assuming the correctness of the distinction you seek
to make in your present question, I fail to find a basis for the statements
contained in your interrogatory 93 of tlJ.e operation of the adjuster appara-
tus in the supposition of your understanding of my standpoint, as stated in
your present question. I have made a thorough and a practical demonstra·
tion of my views, and am satisfied as to the correctness of these views. 1
have employed dynamos in which a main brush upon a spirally slotted com-
mutator performs the commutation in conjunction with an accessory brush
placed in advance of that main brush. Such accessory brush became at
once an operative part of the main brush precisely in the manner contem-
plated in patent 223,659. This construction was realized in the employment
of the Weston five-light dynamo of '79, and in the rrhomson-Houston 'm
three-coil dynamo. I have also employed a compound brush with a straight-
slotted commutator, which is the precise arrangement of the patent with the
electro-magnet, A, of the adjuster apparatus connected in circuit with the
forward member of the compound brush, this forward member becoming
an accessory brush by reason of the connecting into its circuit of a magnet.
This construction was realized in my operation of the apparatus of patent
223,659 upon the Sperry dynamo, and upon the Western Electric dynamo,
as well as upon the Weston five-light dynamo, in which latter case, in one
of my demonstrations, I removed the spirally-slotted commutator, and sub-
stituted therefor the straight-slotted commutator and the precise brush ar-
rangement shown in patent 223,659. I have, also, in these demonstrations,
employed var:ious resistances in the winding of the controller magnet rep-
resenting magnet, A, of patent 223,659. These practical demonstrations
showed conclusively that in every employment of this apparatus there was
but one mode of operation, and that the variations which did occur were
variations in degree, and not in kind. A variation in the resistance of the
magnet varied the amount of current flowing through that magnet, but not
the effect of that current. A variation in the first adjustment of the amount
of overlap varied again the amount of current in magnet, A, but in no wise
did it vary the effect of the current upon the apparatus to adjust the brushes
in response to changes in circuit resistance. Variations of the distribution
of the overlap between the main and accessory brushes, which is the point
directly under consideration, affected the amount of current in magnet, A,
but not the effect of that current upon the magnet.
"C. Q. 103. Your answer is altogether pertinent to the general subject-

matter of discussion, but does not quite meet the precise point of my in-
quiry; that is, whether we are to regard your testimony throughout the
case as predicated upon the assumption that it is a proper construction of
the apparatus of li'ig. 2, of patent 223,659 to use what is there called the
'accessory brush' as the forward division of a compound brush, and thus
cause the entire process of commutation to take place between the contacts
of what is there called' the 'main brush' and the accessory brush. A. I
sought, in my last preceding answer, to make It perfectly clear that in any
possible construction of this apparatus the accessory brush at once entered
into, and became a portion of, the main brush, in the process of commuta-
tion. A brush could not be placed upon a commutator in advance of a
main brush, and be connected to that main brush, without becoming a for-
ward division of a compound brush; and in the employment of any possible
construction of this apparatus, if a sparkless condition is maintained at the
brushes, this accessory brush must, in some degree, take part in the entire
process of commutation.
"C. Q. 104. You still have not answered my question. I don't ask you

whether any assumption that you have heretofore made is right or wrong,
or to justify it. I simply ask whether we are to regard your testimony
throughout the case as predicated upon the assumption that it is a proper
construction of the apparatus of Fig. 2 of patent 223,659 to use what is
there called the 'accessory brush' as the forward division of a compound
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brush, and so cause the entire process of commutation to take place be-
tween the contacts of what are there called the 'main and accessory
brushes.' A. I have stated that an accessory brush, having a magnet in-
cluded in its circuit, and applied to a commutator in addition to the already
existing main brush, formed a compound brush. The accessory brush
would be the forward division of this compound brush. :'ofy testimon;r in
this case is based upon the assumption that it is a proper construction, and,
indeed, the only possible construction, of the apparatus of Fig. 2 of patent
'223,659 to employ this structure, and to thus cause the entire process of
commutation to take place between the different members of this compound
brush, consisting of a main and accessory brush.
"C. Q. 105. It is a necessary result of the construction of the apparatus

mentioned in your last answer, is it not, that, in order to secure a proper
wor.Jdng of the dynamo, a large fraction of the main current-approaching
to half of it-shall flow through the accessory brush? A. No, indeed; it is
not" If the accessory brush is connected direct to the main brush, then this
would be true; but if connected through a resistance, as of magnet A, this
is not true. In Fig. 2 of patent 223,659, accessory brush, C3, is shown con-
nected direct to the main brush, C, and substantially half of the current of
the machine will flow through this accessory brush, C3; that is to say, there
will be conducted through accessory brush, C3, an average current substan-
tially equal to half of the main current. Likewise, through the main brush,
C, to which accessor.\'" brush, C3, is directly connected, there will flow an
average current equal to half the current of the machine; but with acces-
sory brush, C2, which is connected through magnet, A, to main brush, C,
the presence of the resistance of magnet, A, in its circuit, creates a condi-
tion in commutation pointed out in my previous answers, the result of whicll
is to cause a smaller proportion of the entire main current to flow through
this accessor;}' brush, C2, and magnet, A. If the magnet is of low resist-
ance, as I believe the patent contemplates, a larger proportion will flow
through accessory brush, C2, than would flow through this brush with a
high resistance of magnet, A.
"C. Q. 100. In the apparatus constructed by you as a reproduction of the

spark-adjuster apparatus the proportion of the current flowing in the acces-
sory circuit was, in a number of cases, substantially half of the entire cur-
rent, was it not'? I refer to the apparatus described by you in your original
deposition in this case. A. The current varied in these original automatic
adjusters. In some of them an average current, SUbstantially half of the
main current, was found to flow through the forward brush and magnet. A.
In some cases this average current was equal to less than half of the main
current, and in some cases even more than half. The resistance of mag-
net, A, in these early devices, was very low, which, indeed, is the propel'
construction of magnet, A, as indicated by the patent. In the later struc-
tures, based upon patent 223,659, a much higher resistance was given mag-
net, A, and the averag'e current through this magnet was, with this con-
struction, much smaller.
"C. Q. 107. In the apparatus put in evidence by the complainant as repro-

ductions of Fig. 2 of patent 223,659, and which you saw in operation at
Lynn, there was, as I remember, a complete provision for commutation by
the main brush independently of the accessory. This was accomplished in
the case of spark adjuster No.1, which was applied to the 1879 T.-H. d;}'na-
mo by a flat brush and a spirally-slotted commutator. In the one applied
to the Brush machine, this was accomplished by the alternating distriJ:ju-
tion of the commutator segments. In the one applied to the Fuller-Wood
machine, it was accomplished by a compound brush. In each of these
cases the machine was supplied with a brush suitable for the process of
commutation, provided it was set in the right place independently of fhe
accessory brush. Is not this your recollection of the construction of those
devices? A. Each dynamo was certainly provided with a commutator and
brushes providing overlap, as suggested in your question; but, when put in
operation, each dynamo was provided also with accessory brushes, and the
accessory brushes were connected to the main brushes. In the process of
commutation the accessory brushes performed the distinct functions of the
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main brushes in combination with them. In the Thomson-Houston three-
coil '79 dynll.mo, a spirally-slotted commutator was provided. Two main
brushes, one above and one below, bore upon this commutator. An acces-
sory brush in advance of the upper main brush also bore upon the commuta-
tor, and was connected through magnet, A, of the apparatus, and thence to
the main brush. Another accessory brush was placed in advance of the
lower main brush, the second accessory brush also bearing upon the com-
mutator, and being connected directly with the main brush. The complete
act of commutation took place through the medium of the compound brushes
thus formed. A removal of either of the accessory brushes, without an ad-
justment of the brushes in a rotary direction, produced violent sparking.
showing conclusively that the overlap provided in the main brush was not
alone sufficient to produce perfect and proper commutation, under the exist-
ing conditions of use. Indeed, I was informed by Mr. Harthan that the
lower accessory brush was necessary to balance the upper accessory brusD
to secure sparkless commutation. The same or equivalent arrangements
were found in the other dynamos shown me at Lynn. In the American
dynamo shown me at Lynn, the upper brush was composed of two separate
brushes connected directly together, and an additional accessory brush
which was connected through magnet, A, of the adjuster apparatus, and
thence to this double upper brush; the wh'lle structure forming a compound
brush, of three leaves. I have criticised this structure as being something
of a departure from the construction pointed out in the patent, in which but
two brushes are shown, viz. a main and an accessory brush, in either of the
compound brushes of the apparatus.
"C. Q. 108. During the operation of those several devices, measurements

were made of the currents flowing in the accessory circuits, and they were
found to be relatively small, were they not? A. They were, and this was
due to the amount of resistance in the magnet, together with the distance
the accessory brush was placed in advance of the main brush, and also to
the amount of overlap given to the main brush. In Fig. 2 of patent 223,659,
no overlap is provided in the main brush, the entire overlap of the apparatus
being equally divided between the main and accessory brushes. This varia·
tion from the construction indicated in the patent produces the effect noted,
viz, that a small proportion of the main cUlTent found its way through the
accessory brush and magnet, A,
"C. Q. 109. If we suppose the dynamo represented in Fig. 2 of patent

223,659 to be provided with a spirally-slotted commutator, and the main
brush to be a broad one, would not the construction there indicated result in
an overlap of the main brush? A. Yes, it would; and in such a case tIle
proper place to connect magnet, A, would be directly in the main circuit.
In fact, the inventors, when applying this same automatic adjuster to pre-
cisely such a modified construction, did so connect this magnet. An ex-
amination of the file wrapper and contents of the patent in suit, No. 238,315,
reveals the following statement: 'When the two ends of a slot are angu-
larly displaced with respect to each other, 20° to 30° clrcumferentlaHY
around the commutator, the accessory collecting b1'l/'shes of patent No.
223,659, above 1'e!en'ed to, may be dispensed with. and a single pair only
be employed, as C, C'. the planes of which are tangpnt to the circumference
of the commutator at opposite points, and parallel to each other, as before
stated.' '.rhe italicized portion of the language here quoted was stricken
out by an official action before the patent issued. Your present interroga-
tory is fully answered by the inventors themselves, in this language. My
statements that the main and accessory brushes together performed the
commutation of the dynamo in the construction of the apparatus of patent
223,659 are entirely in harmony with this language quoted from the file
wrapper and contents of the patent in suit. Quoting again from the tile
wrapper and contents of the patent in SUit, No. 238,315: 'Our present meth-
od of operating, therefore, so far as it relates to automatic regulation, is
based upon the same principles of opera.tion as our previous invention, and
consists in an improved construction and mode of use of the apparatus em-
ployed in Pat. 223,659. Fig. 2 of the present invention cOl'1'esponds to Fig.
2 of Pat. No. 223.659, but since only a single pair ofcollectinrl brushes. C. C,
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Fig. 2 (of our presentin?Jention). replaces. when used in connection with
an obliquely-slotted commutator. the pair. Fig. 2 (of our former in-
'Oention). we use the contact-making electro-magnet, A, 01'011,1' former in'Oen-
tion, by placing it in the main Ci1'ouit of the machine. so to act in a sub-
stantially manner to the electl'o-ma.qnet. M. Fi.q. 1 (Pat. 223,659);
that is. by variations of the main CU1'1'ent itself,' The italicized portion of
which quotation being matter stricken out before the patent issued, we
find matter which also bears directly on the point in question. The inven-
tors here state that the operation of commutation being secured with It
single pair of collecting brushes used in connection with an obliquely-slotte,l
commutator, instead of with the double pair in Fig. 2 of patent 223,65lJ,
magnet, A. of the former invention is placed in tne main circuit. It be-
comes an easy maHer to interpret the specification of patent 223,6G9, and to
determine the intention of the inventor, when we read the language as quot-
ed above.
"C. Q. 110. You speak of these quotations as having been stricken out by

official action. They were stricken out by the applicants themselves, were
they not, by their own amendment of their application? A. Of course, the
applicants themselves, by amendment to their application, caused the mat-
ter in question to be stricken out. The official action of the examiner in
this case, dated December 7, 1880. suggests to the inventors the striking out
of these portions relating to the prior patent, and by an amendment of Jan-
uary 1, 1881, the inventors, complying with the suggestion of the examiner,
order these portions referred to stricken from the specification."
The argument for the appellant has been summarized in ten propositions,
which are said to be undisputed, and nearly everyone of them either stated
in the examination, or admitted on cross-examination in the testimony of
Mr. Scribner. They are the following: (1) The running of a dynamo with-
out spark at the commutator depends upon the proper adjustment to one
another of three factors which enter into the operation. The volume of the
current affects one of them directly, but there are two others equally im-
portant. (2) The variation of allY one of these factors produces sparking,
and requires a readjustment among them in order to restore the nonspark-
ing condition, which it mayor may not be possible to effect by mere move-
ment of the brushes, depending on the type of dynamo to which the appara-
tus is applied. (3) When the adjustment is restored by the movement of
the brushes, that movement mayor may not restore the former strength of
current, depending, as before, on the type of the dynamo. (4) The types of
dynamo here referred to are distinguished as dynamos having a uniform
field, and dynamos having a nonuniform field. Both of these types are in
common and successful use, and each has advantages peculiar to itself,
in respects that do not have any place in this discussion. As a general
proposition. it cannot be said that either type is better than the other. Both
are good. (5) The defendants selected for their experiments with the sparK
adjuster dynamos having uniform fields. Upon such dynamos, when spark-
ing is caused by a variation in the volume of current, the movement of the
brushes necessary to restore the adjustment upon which nonsparking de-
pends operates also to restore the former current. Hence, on such dynamos
the spark adjuster (subject to the fatal defects in its practical operation
already pointed out, resulting from the feebleness of the accessory current,
and the instability of its adjustment) will operate as spark adjuster and
current regulator both; performing both functions at the same time, and oy
the same movement of the brushes. (6) 11'01' the same reason the current
regulator applied to the same kind of dynamo will operate as current regu-
lator and spark adjuster both; performing the same functions at the same
time, and by the same movements of the brushes. In such a case, when
sparking results from a change of current, and the current regulator re-
stores the former current, it at the same time, and by that process, restores
the adjustment of the three factors on the equilibrium among which non-
sparking operation depends. (7) But these results do not follow when
either of these devices is applied to a dynamo having a nonuniform field.
In that case, when a change of current produces sparking, and the spark
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adjuster. moves the brushes to the nonsparklng .polnt, It does not· restore the
former current. And so, also, when a current regulator Is applied to such a
dynamo, and, upon a change of current, moves the brushes to tp.e point
where the former current is restored, it does not, by that movement, restore
the nonsparking adjustment. (8) These differe.nces of action are. a conse-
quence and proof of the fundamental and essential of principles
on which the two inventions operate. The spark adjUster looks for the
point on the commutator at which is found the equilibrium of forces upon
which nonsparking depends. Except as affecting that adjustment, it is erl-
tirely oblivious to changes in the current. It will follow the law of its or-
ganization, and put the brushes at the nonsparking point, and hold them
there until the current burns up the machine. On the other hand, the cur-
rent regulator cares nothing about sparking, or the maladjustment of forces
by which sparking is produced. Upon a change of current, it will move the
brushes to the point on the commutator where the former current will be
l'estored, without the least regard to sparking. If that happens to be the
point where the adjustment for nonsparJring is restored, weIland good, If
not, the sparks may melt the commutator before it will stir. (9) To state
the distinction in its broadest form: The current regulator depends for its
operation on the variation of a single factor in the dynamo,-the volume of
its current. The spark adjuster depends upon the intervariatlon or varia-
tion of adjustment among themselves of three factOrs in the dynamo, of
which the current is one, or, to be exact, of which the current controls one.
(10) Since the invention of the current regulator, another invention has been
made, which supplements the motion of the brushes produced by that ap-
paratus for the regulation of the current by another action, which preserves
the adjustment necessary for nonsparking. So that, ·as the current regu-
lator is now most commonly used, it operates, in full accordance with the
law of its organization, to shift the brushes to the points of constant cur-
rent, entirely .regardless of the effect as to sparking. That is controlled by
a distinct and supplementary device.
Frederick P. Fish, Robert S. Taylor, Charles K. Offield, Henry S.

Towle, Charles C. Linthicum, and Geo. R. Blodgett, for appellant.
George P. Barton and Charles A. Brown, for appellees.
Before WOODS, JENKINS, and SHOWAL'l1ER, Circuit Judges.

WOODS, Circuit Judge, after making the foregoing statement,
delivered the opinion of the court.
'We are unable to find in the current regulator of the patent in

suit anything more than an adaptation of the brush adjuster of the
earlier patent. The two are essentially the same in mechanism,
adjustment, motive power, and law of operation; and, in so far as
the purposes intended or accomplished are not the same, they are
distinctly analogous. The second patent purports to be only an im·
provement upon the first, "the method" of which is declared to be
"adaptable to the present case of current regulation." As first
drawn, the specification declared the correspondence of Fig. 2 of the
present invention with Fig. 2 of No. 223,659, with theexplanation that,
since a single pair of collecting brushes, when placed upon an ob-
liquely-slotted commutatorj replaces the double pair of the earlier
design, the contact-making magnet, A, of that invention, is placed
in the main circuit of the machine, so as to act substantially in the
same manner as the magnet, M, in Fig. 1, of that patent; "that is,
by variations of the main current." By the specification, as it
stands, the patentees say:
"As in our former invention, already referred to, the motor device used

may be adapted to move by the current, or by the motive power, or by suita-
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ble clockwork, or, by other mechanism adapted to be' thrown. in or out· of
action. by an. electro-magnet, constitutes, as before, a minor feature of
our present sys,tem. .Our, pr:ej>ent method of operating, so far as it relates
to automatic regulation, is upon the .same .principles of operation as'
our previous inventfon, and' it consists 'in an improved construction and
mode of use of the apparatus employed in 'patent No. 223,659."

'But, as the present method relates entirely to automatic regula-
tion, it follows that, if the patent shows invention, it must be solely
"in an improved mode of u'se" of a known appa-
ratus, which, notwithstanding the improvement, is to operate upon
the same principles as before. In just what feature of the construc-
tion, or of the mode of use, the novelty and utility entitled to be
called invention were supposed by the patentees to be found, is not,
specified an,d can only According to the brief' for ap-
pellant, "the improvement consists in discarding the accessory col-
lector, with its intermittent, uncertain, feeble current, and unstable
adjustment, and substituting the simple, practicable, and effective
combination of the controller magnet, and main current." "Inboth
inventions," it is said on another p'age, "the brushes are mounted on
a rocking yoke, so that the positions of their points of contact with
the commutator cali be shifted. In both of them the result sought is
obtained by so shifting the brushes. In both df them this is accOm-
plished by a motor mechamsm which is automatically set into opera-
tion in one direction orthe other, as the case mayrequire, by a con-
troller mechanism which acts in response tothe,abnormal conditions
which are to be corrected. Here the similarity between them ends,
and the dissimilarity, bQth in mechanical cOnstruction and mode
of operation, begins. The taking away of the accessory collector
changes the structure and introduces a new mode of operation,
* * * for the reason that the current which actuates the con-
troller magnet of the spark adjuster is not the main current, or any
part of it, but a different cmrent, derived from a different source."
In its last analysis, the argument for the appellant ends in this asser-
tion, that magnet, A, ofthe earlier patent, is not excited by the main
current Of the machine, or a shunted portion thereof, but only by
a different current, derived from a different source, "flowing inter-
mittently, and sometimes in one direction and sometimes in the
other." The truth of this proposition is disputed, and, though it is
supported by the statement in the specification that "the accessory
collector, 0 2 , serves, as it were,thepurpose of a feeler, the design of
which is to test the electrical condition of the segments of the com-
mutator at the moment of leaving the collectors, and to originate
from that condition an adjustment of said collectors in whatever is
necessary to seC'llre efficient action," it not seem to follow, neces-
sarily, that no current was intended to flow, or does flow, through
the controller magnet, A, except that which results from the differ-
ence of potential between successive segments at the moment when
the forward ODe passes from under the accessory brush. That is not
declared to be an essential feature of the invention, and instruction
is not given in the patent for so constructing the different parts of
the combination, or for so proportioning the resistance in the main

v.70F.no.1-7
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ahd accessory circuits, as to produce that result. ,On the contrary,
the cUrrent through the acceesory brush, it seems to be agreed (C. Q.
9,7, arid an;swer, through ,a "ariati()n froI;ll a maximum
to a minimum between the time, of it!ilfirst cOlltact with each seg-
ment and its separationfrQm that segment," and, besides, it is shown
to be a delicate, and, except with the experienced and skillful, a
difficult work, to make aD. adjuster through whose controller mag.
net no portion of the main flow, and which shall be
operative under the l'lupposed intermittent or pulsatory currentwhich
is intended to be taken up by the accessory brush. Indeed, the ob-
jection urged against the experimental spark adjusters' constructed
by the defendants in professed conformity with Fig. 2 of patent No.
223,659 is that the resistance of circuits was made so
low as to permit the constantpassalSe of ,lit distinct part of the main
cUl,'rentj and on that ground the experts and counsel of the appel-
lant are agreed in asserting that the were really current
regulators, embodying the invention of the patent in suit, and not
the invention of the other patent. The uncontroverted testimony
of Prof.. Cross, examineQ in behalf of the appellant, is to the effect
that it can be determined whether: a brush regulator constructed in
apparent conformity with Fig. 2, of patent No. 223,659, is in fact a
spark adjuster under that patent, or a current regulator under the
patent in suit, only by the experimental employment upon each ap-
paratus of tests adapted to show whether or not an appreciable and
effective portion of the main current passes through the, accessory
circuit. This alone ought to be conclusive of the dispute. When
such tests are necessary to distinguish one such device from another,
it is manifestly an impracticable, not to say dangerous, proposition
that the making or using of either under a given patent may be de-
clared to be an infringement of a different patent upon the other.
It being admitted that, if the construction of a brush adjuster under
No. 223,659 be such that a distinct portion of the main current will
pass through the controller magnet, the device becomes a current
regulator, it follows that, in respect to the question of invention, the
vmission of the accessory brush is of no significance. Its presence
or absence does not affect essentially the mode of operation, nor de-
termine the character of the device.
But, waiving other considerations, we will assume that the 10

propositions of counsel for appellant true; that the appellant's
theory of the process of short-circuiting is correct; that the ac-
cessory brush of No. 223,.659 is not a member of a compound brush,
designed to assist in the process of commutation, but a mere feeler,
which finds and takes up the residual current or difference of po-'
tential which remains after imperfect work by commutator brushes
proper. Does it follow that the current regulator of No. 238,315 is
an essentially different device, working upon a different principle?
We think not. The spedfication, as We have seen, says that the
principles of operation are the same. In physical structure they
are alike, and, both practically and theoretically, they operate in
like ways to effect like purposes. The proof shows, and it was un·
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del'stood to be admitted at the hearing, that upon all dynamos which
existed when the patents were issued the two devices were inter·
changeable, so that, when the brushes were moved so as to prevent
spark, they established and maintained constant current, and vice
versa. For all possible purposes then known, each device might
have been called, with equal propriety, a spark adjuster (though
that name is of later invention) or a current regulator. In dynamos
of later construction, however, the points at which the brushes pre·
vent spark and establish constant current are not coincident, as
they were in the earlier machines; and, that being so, the brushes
of a spark adjuster, it is conceded, will move to the place of no
spark, regardless of current, while in the current regulator, reo
sponding to the current to be regulated, they will seek the point
of constancy regardless of spark; and hence, it is insisted, the two
devices are essentially different in their modes of operation and
in the purposes to be accomplished. The force of this reasoning
is very much weakened by the further fact, which seems to be
undisputed, that neither the adjuster nor regulator, when con-
structed according to the patent covering it, can be successfully used
upon dynamos of irregular or nonuniform fields, in which the points
of least spark and constant current are not quite nearly coincident.
In order to avoid this difficulty, commutator brushes, applicable
alike, as we conclude, to the brush adjuster of No. 223,659 and to
the current regulator of No. 238,315, were de-vised, and so adjusted
as to have a variable spread, corresponding momentarily with the
strength of that portion of the field within which the process of com-
mutation should be going on. Both devices being capable of adap-
tation by the same means to dynamos of nonuniform field, and when
so adapted effecting, as they did upon uniform dynamos, the same
results, the inference is strengthened that in their law of operation,
as well as in mechanism, they are essentially identical. 'fhe dis-
cussion of the question has been varied and exhaustive, but, along
whatever lines pursued, the argument has come back to the differ-
ence between the currents which are supposed to flow through the
respective controller magnets. 'That difference we concede, but do
not deem it controlling. One current is constant, the other is
intermittent or pulsatory; but the pulsations are so frequent that
the current seems to be constant, and its effect in energizing the
magnet is the same as if it were. It differs practically from the
main current only in strength. In order to be effective, it must be
strong enough to cause the magnet to o'Vercome the counteracting
spring, or, conversely, that spring must be so weak as, at the proper
time, to be overcome by the strength of the magnet. If, instead of
being in the accessory current, the magnet be transferred· to the
main current or a shunted portion thereof, exactly the same kinds
of operation, effected in the same way and by like adjustments, must
go on. In both constructions, the levers, springs, coils, armatures, mag-
nets, brushes, and dynamos are, or may be, the same; the electrical
currents, whether coming from one part of the machine or another,
are alike; and, acting by one and the same law, they differ only in
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volume or energy. ,The magnetic current, it maybe said here, as
in Western Electric, 00. v. Sperry Electric Co., 7 C. C. A. 164, 18
U. S. App. 177, and 5.8 Fed. 186, is not itself a part of the device
or inventi(}n, allY more thiUl a current of water .is .aJl element of a
water whe,el. The iriveJltiol,l is in the mechanism, not in the power
which m()ves it; aIld, .;mce a device has been patented, it, is protect-
edfor all uses or fuil'ctjons of which it is found to be capable, wheth-
er anticipated by the or not.
It is not difficult t() suggest the employment of appliances for the

control of water power in a way to illustrate not inaptly our view
of the present question. 'I'he water of a stream is accumulated by
mean!'! of a dam, and" through head gates, is turned into a race or
flume, whereby itrea,l1hesand turns a wlleel to which IS geared the
machinery of a Iriill or factory. That wheel, for the purpose of
illustration, is the M, of the patents; the head gates are the
comnlUtator brusnes;and the water flowing through the flume or
race is the main current. First, we will suppose that it is desired
to maintain in the reservoir, by automatic means, a constant level or
head, without waste or overilow at the dam. How shall it be done?
With p;1tent No. 223,65(1 before, us, the answer is plain. It may be
accomplished by a of the dam that whenever there
shall be, an overflow th,e surplus will, by means of another flume and
a head gate or valve, corresponding to the accessory brush, be turned
into and made to move a second wheel, representing magnet A,
connected with suitable mechanism adjusted to lift or lower the
head gates in the main current so as to effect the purpose of restoring
the normal level in the reservoir.' Theoretically, at least, head
gates or valves in water flumes might be adjusted and controlled
in that way. Next, we will suppose it to have been found desirable
to establish constancy of current in the main flume or head race.
How shall that be done? If constancy of level in the reservoir
could be maintained, it is evident that the desired constancy of cur-
rent would follow as effect follows cause. They are coincident
facts, and, if the coincidence could be permanent, no additional or
different mechanism would, be necessary. But the overflow cur-
rent is intermittent, and sometimes feeble and inefficient. When the
stream is swollen it is strong and lifts the gates too high; and if
the stream runs so low that it becomes necessary for a time to draw
down the reservoir, in order to obtain, the current in the
flume, the overflow disappears and does not act at all. Does it
require invention to devise a remedy? 01early not. One familiar
with the existing device could not fail to see that, in order to effect
the new purpose, it was only necessary to make the" COntroller wheel
,constantly and efficiently responsive to changes in the current to
be regulated, just as, Thomson and Houston, once they had found
constant eleci;rical,curre;ntdesirable, immediately proposed, as Prof.
Thomson himself has tel:'\tified, "to ac,complish the necessary shifting
or of the ,commutator brushes by automatic means in
something the way that we had before used in adjustment through a
limited range, 0Illy that we saw clearly that we must make whatever
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small variations the current in the main circuit underwent, during
the cutting out or on of lamps, act to control the position of the
brushes 1{hrough a considerable angle around the commutator; and
this could be done by a sensitive magnet in the main circuit setting
in motion, through contacts, a device which should do the mam
work of shifting the brushes." In other words, it was only neces-
sary to put magnet, A, in the main current, or a shunted portion of
that current; and that, it was evident, could be done without any
change of structure, except such as was necessary to cause a diminu-
tion of resistance in the accessory circuit, or an increase of the re-
sistance in the main circuit, either of which could be accomplished
in a number of ways explained by the witnesses. It was a plain
case of mere adaptation of known means to a modified but analogous
use. In the illustration supposed, the water wheel, in connection
with mechanism employed to move the head gates in order to main-
tain constancy of level and to prevent overflow, may well have been
patentable as an original combination; but it is not an additional
invention to turn into that wheel a different or additional current, by
force of and in response to which it will, by the same mechanism,
move the gates or valves over a wider range, if need be, to keep in
the flume a constant current, instead of a constant level in the res-
ervoir. No new law or new mode of operation is brought into play,
and, at most, only improved and enlarged action is effected.
But the current regulator of the patent in suit, it is said, has gone

into extensive use, and we are met with the usual inquiry, why, if
theI'e is no invention in it, did not somebody else make the same or
like improvement upon the earlieI' constructioo? It would be
enough to answer that if done by anybody else than Thomson and
Houston, or their assignee, it would have been an infringement of
the first patent. However, it was done by Maxim, in whose patent,
No. 228,543, the controller magnet is placed in the main circuit, and
though the collector brushes moved thereby are not upon the com-
mutator of the dynamo from which the current of that circuit is de-
rived, but upon a second dynamo, employed for the purpose of excit-
ing the field of the first, the effect of the adjustment being to main-
tain a constant field and thereby to establish the desired constancy
of current, the employment of the second dynamo does not disguise
the fact of automatic regulation of the commutator brushes in the
manner and by the means of the Thomson-Houston patents. If the
patent now in suit should be upheld, it would be, in our opinion, an
unwarrantable prolongation of the just monopoly conferred by the
first patent, which, notwithstanding the strenuous efforts made to
minimize it, we deem to have been of great merit, and entitled to
liberal cO'Dstruction. The decree below is affirmed.
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TAWS et al. v. LAUGHLINS & Co., Limited.
(Circuit Court, W. D. Pennsylvania. August 19, 1895.)

1. PATENTS-AN'l'ICIPATION-ANALOGOUB USES.
A flexible pipe joint for conveylngaii' for all' brakes, or steam or bot

water for heating purposes, between railway cars, or a ftexible pipe COIl-
nection In a steam and smoke conveyer for railway cars, cannot be con·
sidered as an anticipation of l1n oscillating joint upon a water-cooled
tuyere used in connection with a blast furnace; for the dlvergellce be-
tween the uses Is so extreme and the conditions so radically difl'erent that
it would require Inventive faculty to perceive the adaptation of the one
to the requirements of the other.

2. SAME-FuRNACE TUYERES.
The Hartman patent, No. 205,744, for an Improvement in furnace

tuyeres, consisting in a flexible joint wWch adapts itself to the contraction
and expansion of the parts, held to disclose patentable invention in respect
to claims 7 and 8; and held, further, that these claims were not antici-
pated by anything in the prior art, and were infringed by one of defend-
ant's structures, but. not by tbe other.

This was a bill in equity for the alleged infringement of a patent
relating to furnace tuyeres.
Joseph O. Fraley, for complainants.
John D. MC:Kennan, J. Snowden Bell, and George H. Ohristy, for

defendant.

BUFFINGTON, District Judge. This is a bill in equity brought
by the firm of Taws & Hartman, assignees of John M. Hartman,
against Laughlins & 00., Limited, for infringement of claims 7 and 8
of letters patent No. 205,744, issued to him July 9, 1878. The patent
is for an improvement in furnace tuyeres, and a brief account of
furnace working will aid in a proper understanding of the case.
Around the stack of a furnace, some distance above its base, is a

circular steel pipe, called the "bustle pipe," about four feet in di-
ameter, and lined with firebrick-To this pipe a hot·air main leads
from the blowing engine by way of a blast-heating apparatus, and
from its several conduits lead to the tuyeres, through which latter
the blast for smelting passes into the stack. These tuyeres are
tapering tubes from four to seven inches in diameter, usually mude
of bronze, and the shell hollow, so that through them water for
cooling' purposes may circulate. The connecting conduit between
the bustle pipe and the tuyere is called the "tuyere stock." It can·
sists of two or more lengths of pipe joined end to end; one portion
of which depends downwardly from the bustle pipe, either in a
straight line ol'shaped like the letter S, to the level of the tuyer6..
but terminating several feet away from it. The other portion is
horizontal and straight, connecting the lower end of this down-
wardly depending pipe just mentioned with the tuyere itself. 'Phis
straight horizontal pipe is usually called the "tuyere pipe," some·
times the "belly pipe." To reduce the interior area of the tuyere
and intensify the jet-like force of a blast, a hollow "nozzle" is some-
times placed within the opening of the tuyere, fitting closely against
its inner face. These tuyeres and nozzles require frequent changes,
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being often burned away by: the intense heat of the furnace or
clogged by the adhesion of cinder, which sometimes backs not only
into the tuyeres, but runs into the tuyere pipe also.
Prior to the patent in suit the usual method of connecting the

tnyere and tuyere pipe was as follows: The front end of the tuyere
pipe was made of smaller diameter than the interior of the butt end of
the tuyere, and exteIidedsome distance into the latter, a bead or pro-
jecting rim being formed on the extremity of the tuyere pipe. The
interspace between the outside surface of the tuyere pipe and the
interior of the tuyere was then closed by ramming wet clay and frag-
ments of pounded fire brick therein. The bead or rim upon tlw
front end of the tuyere pipe served as a sort of dam against which
to ram the packing, and, when no bead was used, it was necessary
to prop up the tuyere pipe within the tuyere with little pieces of
brick, so as to get an even or uniform space, around and within
which the packing should be inserted. Under the heat of the fur-
nace the clay baked into a hard mass, and a rigid immovable joint
formed. The objection to this method was obvious. The tempera-
ture ofa furnace changes frequently, or, as one of the witnesses says:
"Every stop of more than a few minutes means a cooling down of all the

exposed surfaces, and a contraction of the same. When the blast is put on
again, as it warms up the surfaces, we find more or less leakage taking place
where there are packed joints. The blast is always taken off when the iron
is run, and that takes place from three to six times per twenty-four hours,
according to the capacity of the furnace, each time involving from ten to
thirty or more minutes, according as any .difficulties may arise. There are
also many stoppages arising throngh the loss of the tuyeres, or the bad work-
ing of the furnace causing stoppages in ,the pipes wbich introduce the blast
through the tuyeres. These stoppages may be from ten minutes to a half a
day or more."

It will be seen that, as one of the witnesses expressed it, there was
a constant creeping or moving of the tuyere, the tuyere pipe, and the
bustle pipes from the contraction and expansion. As no provision
was made for these changed conditions, leakages frequently occurred.
The labor of changing tuyeres under the old system is thus de-

scribed by Hartman, the patentee:
"Taking the case of the old-style wrought-iron tuyere having sprung a leak,

the blast is taken off the furnace, which stops it. Two men with steel bars
about eight feet long, and two other men with sledges, cut away the briek-
work and packing around this tnyere, leaving a space of about three
between the tuyere and the wall. On the end of the tuyere in the furnace
the iron has accumulated in the form of a ring, which requires a large hole
to pull the tuyere through. After the tuyere is out, the fuel in the furnace
falls into the cavity made by the tUJ'ere. This fuel has to be raked out cau-
tiouslJ', and a of clay packed up against the upper part of the cay-
ity to hold the fuel in check. The new tuyere is then inserted and got into an
alignment in a rough sort of a way, as quickly as possible, and the clay-pack-
ing was rammed in tight between the clay and the wall. After this was done.
tbe tuyere pipe was placed in the tuyere, the ball joint bolted together at the
end of the tuyere pipe, and the clay joint was rammed up between the tuyere
pipe and the tuyere. The blast was then turned on the furnace. '1'his
work required six men, and about three quarters of an bour stoppage. If the
end of the tuyere had got 'ironed up' badly, it took a longer time. After the
blast was turned on, the tuyere pipe heated up, and the clay joint had begun
to shrink, the wOl'kmen took their rammel'S and drove up tbe joint tighter


