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TRANSACTIONS
OF THE

AMERICAN INSTITUTE OF
ELECTRICAL ENGINEERS.

Vol. XVII. JANITARY TO 1DECEMBER. 1900.

New York, January 24th, 1900.

The 139tlh rneetitng of thie INSTITUTE was held this date at
12 West 31st Street, anid was called to order by Presidenit
Kennelly at 8.25 1P. M.

TH1E SECRETARY:-At the mneeting of the Counicil tthis after-
noon, the following associate members were elected:

Name. Address. Endorsed by

BEHREND, BERNHARD A., Erie, Pa. C. P. Steinmetz.
T. C. Martin.
W. D. Weaver.

BEVERIDGE, EDMUND WALTER, Assistant Engineer, The Ralph W. Pope.
G. I. P. Railway Co., India, N. S. Keith.
Sirud Khandish District, Bom- F. E. Kinsman.
bay, India.

DENHAM, JOHN Electrician, Cape Governmenit, W. M. Mordey.
Cape Town, South Africa. J. E. Lloyd.

A. E. Worswick.
EVANS, PAUL El. Chief Engineer, Mexican Gene- C. F. Beames.

ral Electric Co., Apartado 403 A. E Worswick.
Mexico City. JohnW.Thompson

GREENWOOD, GEORGE, Electrical Engineer and Super- JohnW.Thompson
intendent, Jalapa Railway and C. F. Beames.
Power Co., -Jalapa, V. C. A. E. Worswick.
Mexico.

IIOLMES, GWYLLYM R. Holmes-Rose Electrie, Co., H. K. MocCay.
2842 Parkwood Ave., Balti- Gano S. Dunn.
more. Md. M. C. Schwab.

HYDE, J. E. HINDON, 120 Broadway; residence. 48 C. F. Chandler.
West 11th St., New York C. A. Doreinus.
City. Henry Morton.

MAGNNUS, BENJAMIN Electrical Engineering Stu- Geo F. Sever.
denit, Columbia University; Fitzh. Townsend.
residence, 22 E. 111th Street, F. B. Crocker.
New York City.

T HARRY B. Electrical Engineer, Ferro- JohnW.Thompson
carrillos del Distrito, Americani C. F. Beames.
Club, Mexico City. A. E. Worswick.
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PFEIFFER, ALOIS J. J. Engineer, Thomsoti - Houstoi fl. A. Foster.
Co., 5 Piazza Castello Milano, W. J. Davis, Jr.
Italy. A. E1. Armstrong.

POOLE, CHARLES OSCAR General Superintendent Elec- J. A. Lighthipe.
trical Dept. San Francisco Geo. P. Low.
Gas and Electric Co,, 229 F. A. C. Perrine.
Stevenson St.; residence, 452
Bryait St., San Francisco,Cal.

POWELSON, WILFRED VAN NEST, G-overnment Inspector, Eskil Berg.
Electrical Appliances, Gene- Ernst Berg.
ral Electric Co., Schenectady, Chas. P. Steinmetz
N.Y.; Lieutenant U. S. Navy.

SAYLOR, FREDERICK A.LEXANDER, Chief Electrician, U. S. W. E. Chappell.
S. Chicago; residence, Read- Arthur L. Rice.
ing, Pa. T. P. Thompson.

SELDEN, R. L. JR., Deep Iliver, Conn, P. G. Strong.
R. W. Pope
1'. C. Martin.

SHEXRER, J. HARRY Electrical Engineer, National John.W.Thonipson
Electric Light Co.. Apartado, C. F. Beames.
639 Mexico City, Mexico. A. E. Worswick.

SHEPHARD, ROBERT R. Erecting Engineer, Mexican C. F. Beames.
General Electric Co., Apartado A. E. Worswick.
403, Mexico City, Mexico. JohnW.Thompson

THOMPSON, MILTON T. Constructing Enginieer, Mexi- C. F. Beames.
can General Electric Co., Apar- A. E. Worswick.
tado 403, Mexico City, Mexico. JohnW.Thompson

ZABEL, MAX W. Draughtsman and Student of D. C. Jackson
Patent Law with John A. C. F. Burgess
Brown & Cragg, 1450 Manad- M. C. Beebe.
nock Bg.; residence, 454 North
Ave., Clhicago, Ill.

Total 18.

The following associate mnembers were transferred to mernl-
bership:

Approved by Board of Examiners, Septeinber 7th, 1899.
WALTER DOUGLAS YOUNG, Electrical Engineer, B. & 0. R. R., Baltimnore, Md.

Approved by Board of Examiners, October 20th, 1899.
LOZIER, ROBERT T. E. Electrical Engineer, Member of Firm of Bullock

Electric Co., St. Paul Bldg., New York City.

Approved by Board of Exaiiiners, Dec. 8th, 1899.
H. A. STORRS, Assistant Engineer, U. S. Engineer's office, New

London, Conn.

THE PRESIDENT :--Since our last miieetirng, the INSTITUTE hias
suffered by the death of two of our well-knowtn nmembers,
Mr. James IHarinblet has served the INSTITUTE for somiie years,
both as vice-president and manager. Ilis contributioni to the
electrical interests, work and fraternity extend over lalf a cen-
tury.
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Mr. Dana Green:e had rendered valuiable and active service
to the INSTITUTE, not onily as Manager oni the Council, but also
in contributin(g papers. 13y his extensive general knowledge
and genial inflluence he greatly protmioted electrical engineering
progress iii those blranclhes whichl he rmiade peculiarly his ownl.
Ilis untimely deatlh will be greatly deplored not onily by all
our menibers whio knew of his work, but by the favored few
who were acquiainted with hiis char-minig personality. The CouIn-
cil has at its meeting to-day passed resolutions to be communi-
cated to the fainilies of these genitlemiien, and has ordered
suitable obituiary notices to be printed in the TRANSACTIONS.

The following paper was thenr riead by Mr. FitzhughlTownsend
on "A New Method of Tracing Alternating Curves."



A 5taj5er firesented at the 139th Meeting of
the A4merican Institute of Electrical En-
gi eers, New York, January 24th, 1900,
President Kennelly in the Chair.

A NEW METHOD OF TRACING ALTERNATING
CURRENT CURVES.

BY FITZHUGI-I TOWNSEND.

The following rnethod of determining the instantaneous values
of alternating current waves recommends itself by its simnplicity,
accuracy, anld rapidity. In addition to this, the method is
capable of determining directly a curve of inductioin.

Fig. 1 shows the connections for taking the curves of electro-
motive force and magnetic induction simultaneously. E is the
E. M. F., the curve of which is to be determined, R1, X2 and
R3 are ohmic resistances, e is a small transformer witlh open mag-
netic circuit, and C is the contact maker. This consists of a
disk, the perimeter of which, in a bipolar alternator, is divided
into two sections. One section only is conducting, and since
the disk is mounted on the shaft of the machine, or on that of a
synchronous motor, the current canl flow in the circuit of the
contact maker only during one-half of a period. d is a Weston
portable voltmeter, connections being made directly to the mov-
able coil.

DETERMINATION OF A CURVE OF INDUCTION.

The double throw switclh b shown in Fig. 1 should be closed
so as to connect points 3 and 4 to 5 and 6, switch ca being open.
The required curve can then be obtained by noting the deflections
of the instrument, d, corresponding to successive angular posi-
tionis of the contact brushf. The theory on which this is based is
as follows: Owing to the construction of the contact maker, the
current i, which passes through the instrurnent l, flows during

0
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one-half of a period only. Duringf the active half period, how-
ever, i is proportional to 1f the electromotive force: X will
therefore be an interrupted current having the form of the
electromotive force as shown in Fig. 2. Tihe position of the,

4 b J~~~~~J
B4

FIGt. 1.

time interval t2 t1 will depend on the angular position of the
contact brnslihf.
The deflection of the voltmeter will be proportional to the

number of impulses per second. Each impulse being propor-
tional to the time integral of the cuirrent during, the interval
t2-t1
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Therefore,

6 -K dt = IttSEdt = -i2 d t = K2(B) K3 B
tl fl

If the brushf, and consequently the interval t2- t1, are moved
through a period, and the values of 0 at different points noted,
the curve of the induction B will be obtained.

DETERMINATION OF A CURVE OF ELECTROMOTIVE FORCE.

The switch b should now be closed so as to connect points 3
and 4 to 1 and 2. The conltact maker and the voltmeter will

ti~~~~~~~~~~-i

FIG. 2.

then be in the secondary circuit of the small transformer e.
Close switch a. The curve of the electromotive force may then
be obtained, as in the case of the curve of induction, by notinig
the deflections of the voltmeter for different angular positions
of the brishf. It can be shown readily that this is the case.
If the constants of the transformer e are suitably related to each
other, the primary current will be the same in form as tlle
electromotive force E, and practically independent of the value
of the secondary current i. This will be brought about wbhe
the electromnotive force of Inutual induction in the primary, due
to the secondary current is only a small percentage of the
E. M. F., E. We wvill thenl have
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/v2
dEIE2i = E -i-t- and O=E dt =- 2 (E)-iS Edt ~~dt - i()Ji

/1

Fig. 3 shows curves of B and E in a transformer obtained as
described above. The formii of thiese curves requires a few words
of comment.
Any complex harmonic electromotive force generated by a

properly designed alterilator, may be represented by the equa-

tion E= A, sin_p t + A3 sin 3 p t - A, sint 5 p t + etc. + B,

cosp t + B3 cos 3 p I + B, cos 5p t + etc. Therefore,

B=fPEdt=-(c t- cosc p t + etc.)

+ 3- silp t + B3 sin 3p t; + B, sin 5p t + etc.
_p 5p

It appears from this that the culrve of induiction shiould differ less
from the sinusoidal formn than the curve of electromotive force,
since the relative amplitudes of the upper harmonics are made
less by the process of integration in proportion as their fre-
quency exceeds that of the fundamental. Thius the third har-
mrrotnic in the curve of inductioni has one-third the relative ampli-
tude whiclh it has in the curve of E. M. F. Similarly, the fifth
harmiornic has its relative arnplitude divided by five, and so on.

Also the complexities in the induction should be the reverse
of those in the electromotive force. In otber words, a peak in
curve B shoulLd correspond to a depression in curve E.

In order to prove the accuracy of the method, and to show
that the curve B in Fig. 3 is correct, the true curve of induction
was constructed from the electromiotive force curve by a process
of initegration. The constructed curve was found to coincide
with the experimental curve as shown.
The method of obtaining the curve of induction from the

curve of E. M. F. by integration, is extremiely laborious. The
method described inr this paper is the only oTne to-day which is
capable of determining the cuirve of induction directly, thereby
saving much time and trouble.

In determining the curve of induction, the&-phase depends on

the relative values of the resistance and inductance of the cir-
cuit through the interrupter. A variation of the amplitude of



FIG. 3. Points Determined Experimentally, X. Points Determined by Calculation, 0.
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Ewill not change the plhase of tlle curve to a perceptible
extent.

In the case of the determinationi of E, the phase depends on
the values of resistanice and inductaince in both the primary and
secondary circuits of the transformer e. As in the case of the
B curve, varying E with the same resistance and inductance
in both primary and secondary circuits, will not change the
phase appreciably.
The shape of the wave E will remain unchanged, so long as

three conditions wlich are essential to the accuracy of the
mnethod are maint.ained.
The first of these is that the electromotive force of mutual

induction in the primarv circuit due to the secondary current
shall be small compared with the total E. MI. F. impressed on the
primary circuit.

If this were not the case, the secondary E. M1. F., and therefore
the secondary current would not be proportional to the rate of
change of the prinmary current.
In the transforiner used in taking the cuirves showni, the co-

efficient of mutuLal induction AM was found to be .00076. The
secoindary cutrrent never could be mnore than 0.03 amperes with-
out producing too large a deflection of the voltmeter needle,
therefore the electromotive force of nmutual induotion due to
the secondlary current could not be more than

Em P MIC2 = 760 X .00076 X 0.038 .017,

which shows that the first condition of accuracy mentioned
above wonild be fulfilled to within 1% for an iinpressed electro-
motive force as low as 1.7 volts.
The second condition is that the resistance J?, and R2 in Fig.

1 shall be great comnpared withi the inductances of the primary
and secondary circuits of the transformer e.

In the case of the curve shown in Fig. 4, tbe values of R1 and
R2 were 30 and 50 ohmns respectively. If E is a complex liar-
monic, R2 must be greater than R,.

Since
d E

i= Kdt,

the upper harmonics in the secondary curren:t i will be
much more proinounced than they are in the curve E.
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If R2 were not large coimpared with the seconidary inductance,
the form of the current i might be quite different from that
w"hich it should have in order to give accurate results.
The third condition wlhich must be fulfilled in order that the

curve obtained may be correct in shape, is that the time con-
stant of the secondary circuit shall not exceed a certain value.
When a circuit conltaining inductance is closed, the current

FIG. 4. Points Obtainecl by Zero Method, E). Points O)btained by Present
Metbod, X.

does not reaclh its value E/2? until a certain time bas elapsed,
and during this interval the curre-nt is

U~ ~ ~_ _ _ _ __L

Evidently if the time constant is too large, or if I?/L is
too small, the integral of the secondary current will not be the
entire shaded area of Fig. 2, but will be bounded at the make
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by sonle curved line instead of a perpendicular, as shown by tlle
dotted line in the figure. This would be a souree of error,
which would come in more and more as the secondary cuirrent
integral drew near to its zero value. When this integral is a
maxirnum, the make takes place at i = 0, hence at this point
of the curve the effect would not occur. The result of the
titne constant of the circuit would therefore be a decrease in the
relative size of the ordinates near the zero points,and also a slight
shifting of the zero points with respect to the mlaximum, the
maximulm ordinate remiaininig urlchanged both in intensity and
phase. It is probable, then, that the effect of too great a timne
constant in the secondary circuit would result in inaking the
curve come out more pointed than it really is, and slightly benlt
over sideways.
The cLarve of a comnplex harmrlonic electrornotive force shown

in Fig. 4 was determined as a test of accuracy: It furnishles a
comiparison betweeni the method desciibed lhere, and the well-
k-nown zero mnethod in which a telephone receiver is used as the in-
dicating instrument. As may be seen, there is a satisfactory
agreement in the readings obtained by the two mnethods.
The curve of F'ig. 4 was determined at a frequency of 120

periods per second. IBy iTnereasing, R12 and 2, it would evi-
dently be possible to oltain curves at mlluch higlier frequencies.
Mechanically, the method lends itself readily to this, inasinuch
as the action does not depend on an instantaneous contact.
This is a very advantageous feature, especially at hiigh fre-
quencies.
The transformer e used in these experiments was wound on a

wire core 1t" in diameter. There were 1U0 turns both in
the primnary anid secondary windin gs.
The following arfe the principal constarnts of this transformer:

L1 (on open secondary)............ .002C07 henrys.
_R1 " " . . . . .". . ....179 ohms.
L2 " "primilay ........ .......... .00152 henrys.

Ra2" ..09B ohling.
M1.. ........................... I

...... . 00076 henrys.
Resistance of voltmeter.... ... ............ .87 ohms.
inductance ..... ..00034 henrys.

Of course, oTily relative values are given by the readings of
the voltmeter. In order to obtain absolute values, some means
of calibration must be adopted. The easiest way to accomplislh
this is to switch the apparatuis in series with sonme electronotive
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force, eitlher direct or alternating, the maximum value of which
is kinown. The deflection obtained divided by the true value of
the electromotive force it represents will be the constant of the
instruinent for the particular amounts of resistance and self-in-
duction whiclh may be connected in the primary and secondary
circuits of the transformer e.
The fact that the brushf mnakes contact for a lhalf period

and not for a very small fraction of a period, is a great advan-
tage, inasmuch as the difficulties of a method of instantaneous
contact are usually due to the shiort time of contact, making it
hard to keep the apparatus in good working order. With the
interrupter described h-ere, however, there is no iiore difflculty
than with arl ordinary direct current commutator, and in fact
rather less, as sparking, which is always the main evil of the
coinmutator is practically absent in the interrupter.

In addition to the above, the present method seems to be the
only orne by which the curves of magnetic induction or quantity
of electricity can be determined simultaneously with those of
electromotive force and curreint.
Alternating Currenit Laboratory,

Electrical Engineerinig Dept.,
Columnbia University,

New York City, January, 1900.
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DIscIJSSION.

DR. SAMUEL SHELDON:-I lhave been very rmiuch interested in
reading this paper and hearing thie description of tl-is inigenious
piece of apparatus. But it seemt-s to mie that in order that the
instrumll'ent miay give directly tthe curve of inlduetion, that the two
lhalves of the cycle of alternation must be perfectly sytnmetrical;
that is, thte positive filLx of current intist have tlhe same timne relation
that the inegative fluix has. I canniot see fromn an examination of
the mtiathemcatical equiatioin that there is any difficulty with the
equation. lut a general equation shouild, if correct, be appli-
cable to every case. It does not seermi to apply to the case of tlle
exaggerated curve shown in Fig 5, or at least, the contact-maker
wouild riot yield the correct ecurve of indtuction. Let the reet-
angular curve represernt the timrle relationi of the E. M. F. With
proper arrangement of apparatuis this will also be the cturve of

an i,/Xqi1 ____----FiG. 5.

current. Th-ie relation wlhiel mnust exist between thie induction
ai(I the timyie, in order to produce the ciirve of E.M.F., is represented
by the dotted curve. The dotted curve is the integral cuirve of
the E. M. F. curve. Now the curve which would be yiel(ded by
tlhe contact-maker as described in the paper, the contact being
maintained for h-alf a cycle, would not coincide with this dotted
eurve of induction. The voltm-leteir readings will be proportional
to the algebraic sum of the areas lying between the E. M. F.
curve, the timne axis, and the timne intercepts of myiaking and break-
ing contacts. A slight inispection will show that the curve pass-
ing through the points enielosed in circles woulld be the ole
which would be vielded by the contact-maker.
The diffiecLlty in using a telephone anid conitact-naker with,

say, the Merslhoin method is two-fold. In the first place the ordi-
nary frequencies of alternating currenits give a musical tone by



1900.] DISCUSSION INNEW YORK. 15

mneanis of the conitact-maker, to whiclh the ear is nIot particularly
senisitive, and it is difficult to distinguish the intensitv of a mnini-
rmlumll, providing one cannot get absoluite silenee. In the second
place, with a. contact-muaker having any breadth of corntact at all,
it is imnpossible to balance a variable E. M. F. against a constant
E. M. F. Therefore, unless the contact's breadth be infinitesimal
sileniee cannot be obtained. If, however, onie uses a contact of
sufficient breadth to be suie that the contact is made with every
revTolutioi of the corntact-miaker (of brea(ith, rot necessaric v to
half a eycle), and nakes uise of the voltmeter as described in the
paper i. e., really as a ballistic galvariom-eter, then onie can get a
curve such as is yielded by an ordinar.y contaet-maker and a very
satisfactory one, without the liability of the contacts getting oUt
of order.

In this use of the Weston voltmeter we lhave still aniother
important adaptatiorn of that valuable instrumlent. I have lhad
occasion- to uise a Weston voltmiieter for ballistic work, and it
perhaps myay be of initerest to some whlo mnay iiot know it, that
the Westoni voltrneter will give defiections or throws in response
to inistantaneous quanitities of electricity passinig tlhrough it whicll
are directly proportional to these quantities. INowv a l)allistic
galvanometeli has been deffined by a good many different people
as a galvanomneter whleh has a needle which has a large miioilent
of inertia and wl-hich has a long period of swing.

IR. PTUPIN:-And small damiiping.
Du. SHELDON :-TThat is somrletimes put in, yes.
DR. PUPIN -Always.
DR. SHELDON:-Well, all right. It does not make ariy differ-

enee. It is nlot necessary that the ballistic galvanomneter should
have these qualities. If we calibrate a Westoni voltmneter in a
proper miianner it can serve the purposes of a ballistic galvano-
meter just as well as the old fashionied kind. Those who have
ever had occasion to take hysteresis curves by the step-by-step
mnethod, using a galvaniomleter whlich has a long swing of from
12 to 15 seconds, with two oir three minruites' wait before the
needle comes to rest after eacih swinig, know what a tedious pro-
cess it is to get a hysteiesis curve. Yet the hysteresis curve can
be takeni with a Weston voltmneter of the ordinary rouiid pattern
switel-board style, having its series resistance rernoved, and it
cani be taken in less than two rninutes, witlh a sufficient number
of points to give accut-ate resuilts, if the curve is properly inte-
grated.
MR. FITZHUGii TOWNSEND:-With regard to that objection

about deterninling the culrve of iniduction, Ihaveneverattem)ted
to determ-ine the curve of induction from an unsymnmetrical electi-o-
mnotive torce. In all practical machinies, good imiachines, and
alrmost all altern-atinig curlent machlines. the positive half of th-
wave is the same as the negative half of the wave, and in that case
I think the inethod holds good. A sliglht imodification of the mie-
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thod which I have not yet tried, which would involve the use of two
brushes, would I think obtain a syiimmetrical eurve of induction,
but that is miiore or less a tour deforce. I have, therefore, only
devoted miiy attentioni to the treatmenit of curves whiclh were
syrnmnetrical witl-h respect to the zero line.
MR. CEARLES P. STEiINMETZ:-Durin1g late years n:o end of

differenit mnethods have been brought out to take inistantaneous
readings of electrical quantities, m:lostly differing from each otlher
by a different kincd of contact-maker or a different material used,
or other suchi mninor qualities, or1 an improved metlhod of u1Sing it.
Now the rnetlhod brotuglht before us to-day essentially differs from
previous methiods, as far as I know themy, by, I[ believe very
favorable features. In its general principle this miethod described
here consists of the following: To get instanftaneous readingy of
a (uantity, we derive frotn this quanit;ity another quantity, whieh
is a differential of the former, and take integral readings, that is
averagye values of the latter quantity. We thereby get rid of
most of the difficulties incidenit to instantanieonis readings. We
are indeDendent of the widtlh of the contact. We are indepen-
dent of the impossibility of gettinig an absolute point-corntact of
no durationi, atid of the difficuilties due to the are following the
contact-bruish for some appreciable timie. There are some litnita-
tions to this method, whieh-i after thley are pointed out will pro-
lbably be overcome. The source of error shown in Fig. 2 as due
to the current not assuminig instaritly the fuill value, I do not
consi(ler so essential, beeause there is arnother error compenisating
for it. In Fig 2, the current in the mnotnent when the circutit is
broken, does not instantly drop to zero, but gradually dies out-
by a sm-nall are continuing to carry tl-he current. This gradual
dying-out of the current compenisates for the error mention-ed in
thle paper to a certain extent. If youi think of it still more, the
error introduced by the current not stopping instantly, depenids oni
the voltage at wh1ichl you operate, and gets larger with inerease of
voltage, while thle error dute to the c-urrent not instantly reaching
full value gets less witlh increase of voltage, tlhus theoretically
youI can always finid a voltage, where the errors just neutralize
each other. Practically, therefore, the mnethod slhould give very
accurate results provided tlhat the errors ar-e small eniouglh per se,
so as not to requiire perfect compensation.
The principle of this method as brouglht out here, however,

can be applied in mrany different ways. It is sl-howrn only for
deteriyiininig the induiction curve of the machine. This I do not
consider as so very i'lportant, because you can get this curve of
induietioni, although a little rnore laboriously, frorn the electro-
mnotive force curve; but you can apply the sarne method wherever
you want instantanieous values of a quantity, and are able to get
differential values of this quantity. To illustrate, for instance,
one of the problems of great importance at presenit is to deter-
mine the variation of the rate of rotation of flywheels of slow-
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speed enigines whiclih are intended for use with synehronous appa-
ratus as alteirnlators, synbchronous motors, etc. What you want
to get there is the instanitaneous displacemsenjt of the flywheel
fromn the position it woikil lhave at uiiniform rate of rotation.
Now the differenitial of this displacernent is thie velocity of the
flywheel. Assunme that on the shaft of the flywheel you have a
small dynamo with constantly excited field, the field, for itnstance,
excited by- a storage battery. Take average or integral values
of the electromotive force given by this dynaano, tlhen youi see
these integral values give you (hirect the positioni of the flywheel.
You would in such a case probably counterbalance the largest
part of thie electromi-iotive force of the smiall dynamo by a storage
battery with a constant electromotive force, to get a larger varia-
tionI relatively thiani the very small variationi of speed, and you
would have to develop this metlhod like you would lhave to deve-
lop aniy mnethod.

But I believe that integrating or averaging the differential
values of the quantity of wliicl you want instan)taneous values
cani be applied to rany (ases, anid in some cases which are pro-
bably mnore important thani the determrlination of instaiitaneous
values of electromnotive force, si-nce there are no suitable rmiethods
in existence for sueh othler cases.

DiR. M. I. PErPIN:-t do not think that Dr. Slheldoni's objection
is a very serious onie, for the reason that Mr. Townisend already
pointed otut. The method which MIr. Townsenid describes is
ilnteTnded to analyze curves that are obtainied irn ordinary mrla-
chiines, well designied, Tnot badly designed mnaehines. If a machine
is badly designed it is unworthy of investigation; the less you
fuLss with it thie better. But even withi a badly designed miiachine
such as that wouild be which Dr. Sheldon presenited on the
blackboard, by a slight modification of the miethod as Mlr. Town-
send has already inidicated, using two brushes, the difficulty
could be gottern arouniid. Ini all our corinuiercial maclhinles the
electromotive forces anrd the curretits are perfectly symnietrical
on the two sidles of thie axis of the abscissae. In that case the
method will work all right. Now so far as any errors are con-
cerned, I thinik that Mr. Townsenid lhas rather enlarged themal or
imiade them appear rmore serious thaan they really are,-tbe source
of error, namreely the time coinstant. The time constant comes in
the curi-ve not risingr, inistantanleously to its fuill valtue whenl you
close the circuit anid not falling off to zero when Voul break the
circuit. That does not amounit to much, because for otlher
reasons you have to mnake the resistanice large in comparison to
the inductance of the circuit. In that case of course you have thie
tirmie cotistant, a very large quantity ; the current will in a verv
stmnall fractioin of the half period comie to its full value. So thlat
error really does not amnounit to anything appreciable. It cer--
tainly is very mnuch srnaller thani other eirors of observationl that
we meet with in investigations of this kind. The err ors of
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observation in investigations of this kind a)re nearly olle per cent.
If any body does as well as that lhe is fortunate, and this error
introduced by having the time constant a little hit too smnall will
not be anytthing mnore than a very simall fraction of one per cent.
Mr Steinmnetz has said that we do not care so very muel for

the curve of quantity. Well, I think we do. You see in our presetit
measuremrients we hlave tlhree differenit kinds of instruments, funida-
mentally different. We hiave the voltmeter and the arnmneter and the
ballistic galvanometer-not in the wav that Dr. Sheldoni defined
it, but in the way that it oughit to be defined. The one m:aeasuires
the rate of variation of the quanitity of electricity; that is the
ammueter. The other measures in dynarmo-electric machlinles
the rate of variation of a magnetic quantity, this is the
voltmeter; and the third one, the ballistic galvanometer,
measures the quantity, either the quantity of electricity
or tl-he quantity of imagnetism. Now in this m-lethod that Mr.
Townisenid brought before us to-night, we have an(other methiod
whieh resemtibles the ballistic, to be sure, but still it is a
different storv from the ballistic, altogetlher a diflerent story
-mle,asurling quantities, nmeasuring the quantity of electricity
and the quantity of mnagnetismi directly, not in a roundabout way
by integrating a cuLrve. Whoever has mnad-e thfe calculationis of
integrating a periodic curve knows that there are a great inany
sources of error, very much greater sources of error than youi
meet with in experimental work of this kind. Sone of us miiighit
say ; what is the use of miieasuring the quiantity of imagnetismll or
the quantity of electricity? There are investigations and that
too niot onily of purely scientific interest but also of very great
coumrmiercial and engineering value in whichli we do care for
quantity of magnetism, quantity of induction and quantity of
electricity.

I mentioni this for the purpose of bringing out something
wlhich Mr. Towrnsend has not broughlt olit. This mnethod was
evolved in our laboratory in connectioni Awith an inivestigation
which should be mentioned here. lie has worked niow for over
a year very faithfully over a difficult problemi-the problem of
determininlg, what I clhoose to call, the dynamiiical hysteresis 'loop.

If you will allow me, I will poin-t out the irmportance of this
loop. If you determine an alternrating electroinotive force curve,
and the corresponding current curve by a slidinogr contact, or any
other way, anid from the seconrdary E. Al. F. curve, determline the
curve of iniductioni in a transform]er, anid then you plot a curve of
Fig. 6, taking fromn the absciss'e the ampere turnas in thle primary,
for the ordinates von7 take the total induction B of the trans-
former. You get the curve of Fig. 6 which I call the dynamlical
hysteresis loop. Its area represents the hysteresis and FotIcaault
current loss per cycle. That is the total loss in the transforiner,
provided, of course, the secondary is not closed. But if the
secondary is closed, then that is the total work done in the trans-
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former, taking in hysteresis, Foucault cuLrrenit primaary 12 N and
*secondary load.

Well, you see, the determination of curve in Fig. 6 is a
very imnportant thing. It enlarges our idea of the lhystere-
sis loop. If youi have no seconidary current then youi cani stuldv
exactly what is going on in the iron while it is being magnetized
and deTriagnietized. If you have a very high degree of lamina-
tion there are no appreciable Foucault current losses at ordinary
commercial frequencies and in accordance with investigations
which hiave been done abroad (anid we have done somrse work of
this kiiid in Columbia Utiversity owinig principally to thie per-

1~~~~ 0

FIG. 6.

severance anid exertions of Mr. Townisetnd) then the hysteresis
loop of Fig. ()becomes imore nearly like the statical h1yster1esis
loop, determrined with direct currenit and very slow cyeles. If youi
mrlagnetize the iron very slowly, the curve develops sharp corners
as you- all know. Bult youL probablv never get corners with alter-
nating, cuirrenits. Now, of course, if the irmipressed primnary elec-
tromnotive force is a simple liarmoniic, the induction will be a simple
harmonic, and we can derive the indtuction curve very easily
from the etrve of the secoindary electromnotive force. There is no
difficulty at all in doinig that. But if tlhe primary imipressed
electromotive force is a cornplex harnilionic, the induction will be
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a complex harmonic,, and if you trv to deduce the induction from-n
thie secondary electromotive free you lhave to go through a lot of
miiost tediouis calculations. Mr. Townsenid's method avoids thiis
completely. It saves, therefore, a trem:ieiidouis amolunt of labor
and liability of error.

There is anotlher thing that we lhave been trying to do for
years and couldl+ niot get it. How could thiis extendie(d idea of the
hiysteresis loop le applied just as well to the losses in condensers?
Thlie reason that we get a hysteresis loop which is not an ellipse
is because the pernieahility of th-e iron is a varliable quiantity.
Now if vou take a Condenser youi will finid that the condentser
capacity varies withi the volta-ye just as the permneability varlies
with the moa(gnieto-rulotive force applied to the transformier. The
static permeability, tliat is thie specific induetive capacity, varies
with the applied electromotive force ; and just as in the case of
the transfoirner, you get a hlysteresis loop, so in the case of a
condeniser yvou also get a htysteres-is loop. Now one way in
which this Varliability or- permealility manifests itself ini the trans-
forrmer is this: If youi have a simip-le harmonic electro-
miiotive force the current is distorted ; it lhas comnplex
harmolnies; niow if votn talke a condenser, and impress a
simyiple harmonic electromtoti\ve force upipo it the Current
will be complex harmnonic. But mind vyou, the differenee of
poterntial in the cotndeniser will be a simnple hmarnionic; just the samte
as the seconidary electromotive force in the tiansforimer is a simiple
hlarm1onici of the imtlpressed E. Ml. F. YOu Can l)ot the cujr\e of
lhysterecis anid other losses, whatever they miiav he iin exactiv the
samiie way as you do in the case of iron. You tak:e, ino't theo
nmao'netomiotive force but the electromnotive force for ab-)sr-issa,
(that is the difference of poterntial of condeniser). For ortdinates you
plot, not the quianitity of magnetic induction, but thie quLaintity of
electric induction Q, that is the quantity of electricity, and(i then
yout get the poinits of the hysteresis loop whiiel looks soimmetiming
like curve of 'Fig. 6. You get the hy7steresis loop for condeniser s
just the samie as for iron anrd you can estimate y-our' losses and stuidy
how the whole thiing acts. You do niot only get the losses hut
you actually) get thie curve anid see how those losses are broucght
aboLit. Now this is a very ititeresting thiing frorri a purely
scientific standpoint anid very impoitanit from the engitneeringo.,
standpoint anid ought to be studied. Now in the omdinarY sliding
Contact mnetlhod of plottingg curves we caInnot (letermninie th-e
quantity of electricity directiv; but if we use Mr. Townsend's
imetlhodl we can get thiat jilst as accurately as we can ldetemii-nine
the voltage bv a voltmeter. Th-at seemiis to mie to be a very im-
portant poinlt.

Muz. TOWNSEND :-With r-egard to the error of the time ( on-
stant, it depends, of course, on the ratio of self-iniductionr and
resistance in the cir(cuit containing, the contact-tmlaker ami(i the
instrutrleilt. If the resistance is sufficiently high for the currenit
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to hiave the truLe fornm of the rate of chlange of the E. M. F., it iS
fotund in practice that no error due to the time constant of the cir-
cuit can he detected.

In orcder to prove this, I determined a curve with no extern-al
resistaniee in the eirecuit. In other words, iR2 itn Fig. 1 was inade
equal to zero, the instrulment iri series witlh the co-ntact-maker
being connrtected directly acr-oss the secondary of the tranisfortmer
e. Under tlhese circumstances, at a freqtuentcy of 120, the error due
to the timne constant amounted to ahout two per eent. In this case,
however, the imiethod was niot correctly used. To eomnply with
the theory, l2e muist be sufficiently great to m]ake the current
through the instrulmlent proportional to the titme rate of charige
of the electromotive force to be mleasured. Whleni this conditioni
is fulHilled, it will be found thiat thie error due to the time con-
stanit caninot be deteeted.

AIR. STEINMETZ :-This metlhod of getting the dielectric
hysteresis loop of the conidensei was first applied, as far as I
rememnber, soie years ago by Dr. Bedell at Cortnell University.
IJiUfortun:atelv Dr. Bedell has not tbeen so suecessful as Dr. Puipin
in getting a con:denser withl considerable inter-nal losses buit had
condensers of very high. efficiency. The hysteresis loop he got
was so extremnely flat and narr-ow as to be within the errors of
)observation amoIunltinlg to something less than three or four per
cent. of the total volt-amnpere capacity. Put there are conldensers
whiclh lhave an excessive initernal loss so as to show a large loop anid
irmake this phenomlenon mtiore pronounced. Hlowevetr, no ehange
of capaccity with the voltage was observed by Dr. Bedell nor by
rr e in condensers.

I (do not want to be imisuniderstood by Dr. Puipin. I did not
say that I dc not care for the magnretic induction, hut I did not
consider it so very im'nportant to get a new rmiethod for it, because
it can be derived frorn the current and electromnotive force by
integrationr. As a rule, in the uisuial mretlhod of gettinig instanta-
neous values of electromotive force you get themn say fromi five
to five degrees apart, and then you merely add the total valuie of
180 degrees and from this value yvon always add one value at one
side,-say for 185', 1900, etc., and subtract one value at the other
side, say 50, 10' etc., anid vou have the curve of induction. Now,
that can de don)e fol thle whole cuirve in a very few mninutes.
I-lowever, olViouslv it is ani advantage to derive it directly, onily
it is not so absolutely imuiportait.

I f-ully r(ealize the impoortaniee of getting the cuive of miagnetic
iiiduction, the more as for maniy years I lhave been satisfied that the
general cu4stom of claiminTg some great and unknowvn advTan:tages
for a sinie wave of electiorootive force, is nlot warranited, buit that
in mnaniy cases the sine wave of electroniotive force is about the
wvorst you can get. Certain fori-ms of distorted waves give a con-
siderably lower mnagynetic fltix in'alterrnators, traris formners and
other apparatus, at the same iniduiced E. M. F., and consequenitly a
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high-eir efliciency. Nowv youi see that it is quiite interesting
to get the easy way of illustrating why it is, that for instance with
the distorted wave of the ironielad unitooth alternatorat the same
imipressed E. M. F. and sa,me frequency, the hysteresis loss ii) trans-
formers is fromr eight to twelve per cent. lower than with the
sine wave, while certain forms of distributed armnature windings
give hiysteresis losses in excess to those given by a sine wave.
DR. PUPIN: I am aware, of couirse, of Dr. IBedell's article,

btut at that tiune whien the article was published we lhad already
done our work at Columrnbia University on that ver*y thinlg, so we
still elain the priority althouigh we didl not publish anytlhing on
the subject.

Another thiing, Dr. Bedell's eurve of hysteresis was, as AMr.
Steinmnetz rernarked, quite within the errors of observation, so we
feel rathleruincertaini as to whether what he got was really a lhysteresis
curve or simuply a recor d of his errors. These errors cani be obviated
by emlploying very large condenser capacity. We have conden-
sers at Columbia University which moriunt up to ovel 240 mzzicro-
farads, so tlhcLt we can (Iraw on that as mucwh as we please, and in
that way of courise we can increase the hysteresis loop to any-
thinag we desire. Anjother point was touehed by Mr. Steinmtetz,
namely, the disputed question whether a peaked electromtiotive
force curve, since it produiced a flat indtuction curve, is ijot pre-
ferable in certain cases, can be decided by experiment in follow-
ing fl-te use of this contaet-maker. It is a dispuited questioni.
Mr. Steinmetz rmiaintains (and lie does it of course partly for
selfish reasons, becauise hie n)uist support his rule of hysteresis
loss), that if a curve is a flat curve, altlhough, of course, the alea
en-iclosed would be a larger on-e, the total loss would be smaller,
because the loss depencds onlly on the maximum of induction.
Now, if that is really so it is a very interesting fact. I am in-
clined to believe it to lbe so. But still we would like to lhave
some direct experimnenital evidence, anid if thiis niew inethodl of
plott-ing the curves of induction directly can help uis to that, whly
that of itself is worthi all the labors thiat Mr. Townsend spenit oni
the clesigning and construction of this sliding contact.
MR. SrEINMETZ :-I inav say in this respect that not everything

is published immiiediately after it is found out, but sonmetimes
very imany vears after, even milore tlhan seven years. Thle first
proof that the distorte( wave gave the lesser hysteresis in the
tranisformeir was found bv the wattmneter abouLt ten years ago,
beforethe laws of hysteresis were discovered. At the time it was
not understood. Afterwaards I hunted up the old tests and found
the first experiment regarding the effect of the wave distortion or
rather tlle effect of different types of alternators made by watt-
meter readirng, dating back before the titme of mny studies of the
hysteresis law.

Dir. PUPIN :--Yes, but I arn afraid if we go into this discussion
there will not be any tinme left for this paper, because I do not
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believe implicitlv in the wattrneter readings. I would not accept
themn without anl investigation as to-) the construction of the watt-
meter and the way that it was used ; so that 1 would not pay
mueh attention to thlat. We all know that wattmeter readings
are not reliable wheni we have harmoniics in the eireuit; that
special precautions muist be taken to ensuire thie hcucuracy of the
readings. Now wlether in tlese wattmeter readings to wlieh Mr.
Steinrnetz referred, those precautions were taken or not I do niot
know. I do not think they were.
MR. STEINMETZ :--I do niot quite agree that wattmeter readings

are not reliable. It is true that theoretically anl error is intro-
duced by tl-he inductivity of the potential circuit, and in scientific
investigations of extireme accuracy this error wotuld undoubtedly
be serious. In practice, however, where as a rule no attempt is
rmade to get a higher accuracy than one-fourth per- cenit., this
wattm eter eririor is generally negligible.

Somnetimne ago I mriade an inv-estigation in this respect and foullnid
that with certain commercial voltmrieters the inductance error is
still below onie per cent. at 1500 cycles. The wattmeter error is
of the same magnitude for non-inductive load, and increases with
the increasing phase displacement of the main current, but becomes
noticealile only at very low pover factors, below 20%. T'he
excitin)g currenit or openi circuit current of a tranisformer, how-
ever, ias quite a hiigh power factor, florn 50 to 65%, anid in this
case the wattiieter error due to the fundlamental wave, is still
niegligible, that dtue to the highier harrmionic sma1l, anld since the
power of the higher harmonies is a sm-all part of the total power,
the maximum possible error clue to the wattmneter is of far lower
mnagnituide tharn the difference of hysteresis loss observed with
differe.nt wave slhapes.

There beinig no further discussion, the following paper entitled
"Notes on S-ingle-Phase Inductioni Motors arid the Self-Starting
Conidensing Mlotor," was read by Mr. Steinnietz.




