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KEYSTONE ELECTRICAL INSTRUWENT COHPANY'S HETER.~ The Committee
on Heters has beewn siriving for several years to arouse the me-—
ter manufacturers to the consideration and development of milli-
empere meters and volt melers for use on the alternating current,
circuits, both the sinusoidal and the interrupted or Faragdic. In
the last repori some reference was made to instruments used for
this purpose abroad, and it is with feelings of the greatest sat-
isfaction and pleasure that we are able to announce that the Key-
stone Company has perfected apparatus for these currents.: The
company submitied o sample milli-ampere meter and volt meter to
the committiee for examimation and test, and has promised to al-
so submit, a watt meter for use on similar circuits in time for
examination at, this conventiou of the Adsseciation.: The commit-
tee has examined the meters submitied, and is much pleased with
the results obtained.: Whkile mot having wny mecns at, hand for
deternining the absolute accuracy of calibration of the meters,
the committee is reasonably assured as to the, at least, spprox-
imate accuracy of such calibration.: This. being the case, ti,
is possible for the physicion to now make observations in terms of
vol%; and milli-emperes, instead of in tké indefinite manner,
heretof ore necessarily employed, which has usually been stated
about as follows:. Induced current, primaery or secondary;  slow
or fast, interruptions, as the case may be; 12,800, 12,5005, 1,200,
or lLess, yards or number of turas, regulated threugh the rheo=-



stat, tp the patient’s toleration.: Or, in the case of a
millimetre scale, by indiceting the number of millime-
tres according to the position of the secondary over the
ordinary coil.. The meaning of this, such as it ked, va-
ried with the different make of coils.:

Yr.- J..F.. Stevens, the engineer of the Keysione
Company, who has bzen particularly cennected with the de—
velopment of these meters, has writien a description of
his apparatus, which is of such interest that the committee
feels it wise to embody it im this report, in its entirety.:
This statement has been writien since the datg of the test:

"jt the reguest of Dr.. Margaret A.. Cleaves, of New
York, our company some months ago underiook the investiga—
tion of the subject of milli-ampere meters for use on the
interrupted or faradic, wnd sinusoidal altermaling current,
circuits now so much used by electro~therapeutists., We
found that up to the preseni time na instrument had been
designed for this elass of work, which was suitable for
use by practical operators.: While it is true thatl Hessrs.:
Kipp & Zonen, of Holland, have exploiled an instrument, for
this purpose, it is extremely delicate and would prove in
the hands of any but, skilled experimenters too difficult‘ta
handle;- and this, aside from the faci.tﬁat.it.contﬂins iron
(always a detrimeni in instruments of this character), and
reguires. time and patience--more of the former then is usu-
elly at the disposal of the busy practitioner-—to obtain F
readings reasonably accurate and reasonably free from errers
depending on the 'personal equation. '

"Phere are now on the market a number of milli-am-
pere meters, for use on the direct or galvanic circuit, which
are reasomable in price and sufficiently accurate for all
practicel purposes.: These instruments possess many qualities
which it seemed desirable Lo incorporete in a similar insiru-
ment for use on the interrupted or alternating current, and

we believe we have covered all bui one (the uniform scale



frem zerg fg maximum scale) and have added several which
we feel possess some merit,:

¥The system which we ado?ipd, end which we
submitted for practical test after considerable experi-
menting in our laboratory, is based on the dymnamometer,
primciple. By the employment of Lhis system we are a-
ble to obtgin readings in viriual or effective mil%i;amp
peres, the mew accepted standard for cllernating or in-
terrupted current, work. . That, ts, @ dynamometer mens-—
ures directly the squere root of the mean sguare of the
current flow; 4t integrates the current pulse and gives
readings in terms of the unidirvectional, non-unduleting
ar,galvanic eurrent,: Its indications, if the system is
properly counstructed and with the proper ratio of turns
in fixed ond moving ecoils, are entirely independent of
the wave form.: It at least forms a basis fer compari-
somn, so that current administered may be referred to a
standard indicatien and the same resulis atlagined no mat-~
ter what form of alternator or Faradic coil may be used.:

"It is not our province tp refer to the neces-
sity of such a basis aof comparison, bul rather to treat of
the instrument by which it may be attained.:

UPhe. wnstrument submiitfed to Dr,  Cleaves and af=
terwards shown the Commiitee on Heters, read from five to -
fifty mjlli-amperes.. He found i1t improcticable tp ex-
tend the lower range below five milli-amperes without in-
troducing many undesirable features, and are inclined to
believe thaet the minimum division will be found low enough
for oll practical. purposes.: Should we attempt to show
indications below five milli-amperes, it would be mecessary
to support, the moving coil by means of a filar or bi-filar
suspension, which weuld involve the insetiﬁon of a galvan-
ometer suspension tube and make it necessary to carefully
level the instrument before taking readings.- Further,
it would be difficult, tp daomp the oscillations of the

needle sufficiently to permii reasonably rapid readings
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without introducing probable errors which might prove
guite serious.:

"The instrument, as we finally designed it,
is mounted in a mahogany case and provided with e car-
rying handle, so that, it is easily tramsportapble.. Ii
is. not, in the least affected by extermnal fields, unless
used on the galvanic circuit, when it is advisable to
take readings with the current, flowing firsi in omne di-
rection through it, then reversed, aend the mean reading
wused.: Readings are entirely unaffected by temperature
changes, are direct, emd all indications dead=-beat; that,
&8, the ﬁointi;iLl respond quickly Lo changes of cur-
rent, without oscillations.: The resistance of the in-
strument, is cbaut, 200: ohms for the scale reeding given
cbove, but this will net, affect, indications amnd is buf,
a sligat imncrease of the total resistance im circuit,
requiring only a small increase in the electro-motive
force to send the same amount of curyent through..

“Through the courtesy of Dr.: Cleaves we
were permitted to make @ number of practical tests and
see copies of clinical reports, from which we were con-
vinced that mnot only are records of current strength
desirable, but, also records of the electro-motive force,
from the combinaijon of which the work done in watis
may be computed.: We, therefore, by means of an in-
strument, similar in character, but of high resistance,
and intended to be used im shunt to the circuit, read
the actual volts empleyed in sending a given current,
through the body.. So, thenm, by the use of these two in-
struments full records of work done may be obigined on
the faradic, or alternating currenl, the same as is now
the acknowledged practice in galvanic applications.:

“Tn order to simplify the work for the prac-
titioner, we now propose to offer in one instrument o
combination of these two in the shape of a wall meter,:

By means of such a watt, meter the total energy expended



on a subject may be read directly from one instrument, and
by multiplying by the time of application the total work
done ascertained.: The range of the watt meter we propose
to submit for practical test will be two watts, reading
from two-tenths watt tp full scale.: Phis means that, it
will indicate the emergy with from five tp fifty milli-am-
peres of current flowing at o potential up to forty wolts.,

This range seems to cover all contingencies as we know

" them at present, and we are quite ready to modify either,

factor should practice dictate any advantage in so doing.:
BPhe construction of this watt meter will be in
gemeral. the same as the milli-ampere meter or volt meler
already tested, the difference being that the fixed coils
will be emergized by the current flowing, while the moving
coil, in series with & non-inductive resistance, will be
in shunt to the circuit,: Therefore, there will be four
binding-posts on the instrument--two for the voltage read-
ings, which will be in shunt to the cirecuit, aend two for

the current readings, which will be in series with the cir

cuit, the combination of these two giviag readings direct-
ly in watis. ¥e may note in passing that in this instru-
ment the resistance in the series circuit will be about,
half that of a milli-aempere meter of corresponding range.
It may be well to add that  the current aend pressure coils
will contain so nearly the seme number of turas that, there
will be no chance of error by reason of phase displacement,:
Further, we would say thet no iron or magnetized steel is
incorporated, and in genergl nothing subject to change.: We
also take great care not to have aeny continuous metallic
circuits in the case, frame or system, so that errors due
to secondary or induced curreants are gvoided.:

"§e would Like tp have it understpod that in
all work of this kind with which we may be intrusted, it
will be our aim to produce only thoroughly relicble in-
struments made and calibrated in the most, careful manner,.

Every detail will be closely watched, for we feel that, o



considerable responsibility will rest on us in attempting
bioneer work im this lime.: ¥e could not afford to mis-
tead the profession in eny way, and we will at all times

wel come suggestions or criticisms from practical users.”

(Signed, ) Hargaret A.. Cleaves, K.. D..
Edwin ¥W.. Hammer, E..E..

Caleb Brown, #.. D..
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“The alternating current meters, volt and milli-am-
pere meters, developed by the Keystone Electrieal Instru—
ment, Company, have been in use throughout the past year,
end have given as far as construction and accuracy are
concerned perfect satisfuction.”

(Signed, ) Hargaret #4.. Cleaves, .. B..
Edwin W.. Hammer, E.. E..

Caleb Brown, H..D..



Extract, from letter received from
Edward J. ¥Willis,
Box 164,
Richmand, 7a.:

10f 22/ 19006

“Fn this conmection it would not be out of the way
for me to say that I like the instrument wvery much

and its operation is wery neat, and accurate.”

(Instrument referred to is D..C. Portable
Hilli-Foltmeter and Voltmeter.)
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