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Chas. P. Steinmetz. ..........oeviiiiiiiiiiii e iiinnenen.
Some Qbservations on a Direct Connected 300 K. W. Monocycl:c
Alternator —(Illustrated ) By D C. Jackson and S. B. Forten-
baugh, of Madison, Wis.... ... .......c coiieeiiins Ll
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Emery ... ... il it iie te eeed ceenienes .
The Cause of Death in Electric Shock. By A. M. Bleile, of Colum-
bus, O.... . it e iieei i iieieseresaiinae seeseenn
Discussion y’G W Blodgett, J. C. Shedd, Jules Neher, Elihu
Thomson, A Garratt, A Anthony, . E. Harrington
F. B. Crocker and H. AIeXANAET. ... ...cuvvversnenenserensnnns
Long Distance Transmission al 10,000 Volts. By George Herbert
©  Winslow, of Pittsburgh, Pa......... Ciesseiee o esresescsssssace

Associatle Members Elected, June 27, 1895........ ....c000..

Alternating Current Curves. —(Illustrated.) By Chas. E. Emerv.
of New York.... . cese eessessieseresestteisrenras

Notes on the Reconstruct:an of a Small Cmtral Station Plant.—
(Iilustrated.) By Franklin L. Pope, of Great Barrington, Mass..

Discussion by C. E. Emery Cee: ceceevensessessaacesncanncas
Emery on Alternating Current Curves. -

Discussion by M. I. Pupin and C. P. Steinmetz ............ ..
Report of Commitlee on Resolutions................ccvevvuvnne. .

Existing Commercial Applications of Electrical Po'wer rom Nt-
a%ara Falls.—(1llustrated.) By W. L. R. Emmet, of Schenec-
RAY . L.iiii i ciiis iiiiee ity csiesesee ctaseinarsenes

Discussion by Jules Neher, C. P. Steinmetz and L. B. Stillwell,

Reports on Standards of Illumination. —(lllustmted) By R.A.

Fessenden........... .ol tiiiiiiiiiiien L dereiieenane,

REcurLAR MEETING, September 25, 1895,

Associate Members Elected and Transferred, Sept. 25, 1895.......
Phasing Transformers.—Illustrated.) By Charles S Bradley, of
New York........ .0 oun o
Discussion in New York by C. E. EmerE W, Pergv
Duncan, Joseph Sachs, W. E. Geyer, A Kennelly, T.
Hutchinson and F. N. Waterman .... .....c..cooiiiiiiinnann,
Discussion in Chicago, by W. M. Stine ..........c.eouvu..ue.
Dlscucswn in Chlcago by A. V., Abbott F. S. Hunting, W. S
Hulse, W. M. Stine Xrnold and L. L. Summers...........

Dikbp.

George Franklin Curtiss, Franklin Leonard Pope, Holbrook Cush-
MAN...o.vitieer coreenennonns Cerereriieiaaeies ceetietintenens

REecuLAR MEETING, October 23, 1895.
Associate Members Elected, October 28, 1895......cc cev vvvnnne..

Resolutions on Deatk of Franklin Leonard Poge................
Local Annealing of Hard Faced A rmor Plates, -—(lllustrated ) By
Hermann Lemler of Lynn Mass.......coveee  eiiiininannnn
Discussion in w York, by F. B Crocker, E. P Thom
A. E. Kennelly, F. A, Pattison, C. E. Emery, W, W. Ker, N. W,
+ Perry and Townsend WOLCOE . .o o oenvaen wneeemnennensnnnennns

Discussion in Chicago, by A. V. Abbott and S. Rodman Jr..

2 ke Rating and Behavior of Fuse Wires. —(lllustrated) By W
M. Stine, H. E. Gaytes and C, E. Freeman ....
Discussion in New York, by F. B. Crocker, C. E. Eme
11_31 Keﬁnelly. T. Wolcott, R. T. Lozier, Wm. Stanley and?
owell ... .. i iiieiieiie hiieiies ee veieceieaeiaeens

470
481

482
492

500

518
528

578

524

525
52T

529

540
676

646

564



vi

RecurAr MxeTING, November 90, 1806.
Associate Members Elected and Transferved..........ccooovvvnens
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New York, January 16th, 1895.

The 93d meeting of the INstrruTe was held this date at 12
‘West 318t street, and was called to order by President Houston
at 8 P. M.

The Secretary read the minutes of the last meeting which on
motion were approved, also a list of associate members elected
and transferred at the last Council meeting, as follows:

Name. Address, Endorsed by.

AXDERSON, HENRY S. General Manager and Electrician, Geo. W.Blodgett.
United Electric Light Co., W. Stanley.

Springfleld, Mass. W. L. Robb.

Buck, H. W. Student in Electrical Engineering, F. B. Crocker.
’ Columbia College; residence, 14 G. F. Sever.

E. 45th St., N. Y. City. C.T. Rittenhouse.

Cox, Epxunp V. Student in Electrical Engineering F. B. Crocker.
Columbia College ; residence, 50 G. F. Sever.

E. 81st St., N. Y. City. C. T. Rittenhouse.

DENISON, SYLVESTER P. 148 CentreStreet, New York City;  Jos. Wetzler..
residence, Belleville, New Jer- R. W. Pope.

sey. Geo. M. Phelps.

FarNsworTH, ARTHUR J. Chief Engineer, Chas. R, Cross.
Larchmont Electric Co., W. L. Puffer.

Mamaroneck, New York. R. W. Pope.

Fisner, HENrY W, Electrician and Director of Elec. Wm. Maver, Jr.

and Chem. Laboratories; The Harris J. Ryan.
Standard Underground Cable Fred’k Bedell.
Co., Pittsburg, Pa.

- FrIDENBERG, HENRY LESLIE. M. E., Student in Electrical En- F. B. Crocker.
gineering, Columbia College; G. F. Sever.
léesidence, 60,E. 61st St., N. Y. C.T. Rittenhouse

ity.
GALLAHER, EDWARD B. Electrical Engineer, 258 Broad- L. W, Serrell.
way, room 910; residence, 1190 Jos. Wetzler.

Madison Ave., N. Y. City. T. C. Martin.
Krinck, J. HExry. Graduate Student, Harris J. Ryan.
Cornell University, Fred’k Bedell.

Ithaca, N. Y. Ernest Merritt.
1



3 ASSOC. MEMBERS ELECTKED AND TRANSFERRKD.

LANPHEAR, BUrTON S, Fellow and Graduate Student in Fred’k Bedell.
Electrical Engineering, Cornell Ernest Merritt.
University ; residence 106 Union Harris J. Ryan.
Ave., Ithacs, N. Y.

LzsLiE, EDWARD A, Vice-President and Manager, Man- Edw. Caldwell.
. hattan Electric Light Co.,L't'd, Ralph W. Pope.
’ N.Y. City; residence, 343 Han- Wm. Maver, Jr.

cock St., Brooklyn, N. Y.

LxsTER, WILLIAM B. Western Union Tel. Co., 185 G.W. Gardanier.
Broadway; residence, 846 Lenox James Hamblet.
Ave., New York City. Richard Pfund.

RENNARD, JoBN CLIFFORD, 4. B. E. K., Assistant to Electrical Johun J. Carty.
Engineer, Met. Telephone and M. I. Pupin.
Tel. Co.; residence 802 W. 784 F. B. Crocker.
St., New York City.
Total, 18.

TRANSFERRED FROM ASSOCIATE TO FULIL MEMBERSHIP.

Approved by Board of Examiners, October 5, 1894.

‘WeiaeHT, PETER Inspector of Electrical Works, United Gas Improve-
ment Co., Philadelphia, Pa.
ABBOTT, ARTHUR V. Chliﬁt Engineer, Chicago Telephone Co., Chicago.

Approved by Board of Examiners,- December 17, 1894,

Magks, Louis B, Electrician, Marks-Ayer Electric Co., 78 Watts St.,
New York City.

BaiLLArD, EpwaRD V, Manufacturer of Electrical Instruments, etc., 108
Liberty St., New York City. .

BroapNax, FraNCIS Engineer, Safety Insulated Wire and Cable Co.
New York City.

Total, 5.

Dr. A. Macfarlane then read the following paper “On the
Units of Light and Radiation.”




A paper presemted at the Ninly-third Meet-
ing of the American [nstitute of Electrical
Engincers, New York President Homuston in
the Chair. and Chicago, My. S. Arthur Rhodes
in the Chair, Janwuary 16th, 18s. .

ON THE UNITS OF LIGHT AND RADIATION.

BY A. MACFARLANE, D.8C., LL.D.

One of the recommendations made by the sub-committee of
the InsTITUTE in the programme for the International Electrical
Congress at Chicago, was that the practical unit of illumination
should be defined as the illumination produced by the bougie-
decimale at the distance of one metre, and that this unit should
be denominated the “bougie-metre.” To this definition little objec-
tion was made, excepting that Professor Nichols pointed out that
it involved an arbitrary standard of light which had no relation
to the c. a. s. system of units. More general objection was taken
to the notation for the unit.

The London Electrician for February 3,1893, objected to the
‘ bougie-metre,” that all other such compound names imply a
product of the components, while in this case the former com-
ponent is divided by the latter, or, more correctly, multiplied by
the square of its reciprocal ; and suggested, half seriously, that
instead of “candle-foot” we ought on the “mho” principle to
speak of *candle-toof-toof.”

M. Hospitalier mnade the same objection, that “ bougie-metre ”
according to existing usage means a product, and suggested
“ bougie-at-a-metre,” or, if that were inadmissible the use of a
new term such as “lux.” M. Blondel favored the single term
“lux,” and Mr. Lockwood, the single term “davy.”

Consider the philosophy of the substitute suggested by the
Electrician. 1If we attempt to formulate the “ mho > principle,
we find that it may be expressed as follows :—The reciprocal of a
given unit may be denoted by writing the name for the direct
unit backwards. It supposes that the given unit can be expressed

8
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as the ratio of two other units; thus, ohm is the single name for
the ratio, volt per ampere. The reciprocal idea is ampere per
volt, and there is a convenience in not introducing a new and
independent word, but in denoting it instead by the direct term
written backwards.

It appears to the writer that here we have a principle which
might well be adopted in mathematical analysis, for we have all
felt the want of a suitable notation for a function, which is the
reciprocal of a given function; for example, the reciprocal of
tan or sin. English and American writers use tan~ and sin™,
a notation which is half word, half symbol ; which cannot be pro-
nounced ; and which suggests the reciprocal quantity instead of the
reciprocal function. Continental writers use “arc tan ” and “arc
sin,” which are too long and periphrastic. On the “ mho” prin-
ciple, the reciprocal of “tan” is “mnat” and that of “sin” is
“nis.” Let 2 = tan y, then y = nat z; let ¢ = sin b, then b=
nis . According to Lord Kelvin, who, I believe, introduced the
“mho” notation, the expression for a function should consist of
three letters ; and it inay be added, the middle letter ought to be
a vowel, the other two consonants. Such a syllable notation when
inverted remains a syllable. This notation would have the ad-
vantages of being short, unambiguous, articulate and logically
connected.

But in the case of a fundamental unit, such as the foot, is there
any reciprocul idea? 1t is true that there are physical quantities
which have the dimension /~'; but on examiunation they will be
found to express a physical ratio of some kind. For example
the unit of curvature has the dimension 2~'; it is expressed by radian
per foot. The reciprocal unit is foot per radian, having the di-
meneion / ; it is not a measure of length, but of flatness.

The difficulty experienced in expressing the intensity of a can-
dle or other spherical source arises from the want of a name for
the unit of solid angle. Just as the natural unit for plane angle
is metre of arc per metre of radius, so the natural unit for solid
angle is square metre of spherical surface per metre of radius
squared. The name “radian ” given to the former unit (Everett’s
“Units and Physical Counstants,” 1879), has been very useful in
expressing exactideas ; a recognized name for the latter unit would
also be highly useful. For this purpose the word  steradian
was introduced by Dr. Halsted in his Metrical Geometry in 1880,
and I have used it in my work on Physical Arithmetic. Though
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not faultless from the point of view of the etymologist, it is suf-
ficiently expressive to the physicist.

How then is the unit of illumination properly expressed # Sup-
pose that by * bougie ” is meant the current of light which streams
from a uniform standard candle through one ¢ steradian,” then
the illumination anywhere may be expressed in terms of bougie
per square metre, where the former component refers to the cur-
rent, and the latter to the cross-section. But in the case of light
streaming from a uniform point source, the illumination may be ex-
pressed in terms of (bougie per steradian)- (steradian per square
metre), where the former component refers to the intensity of the
source, and the latter to the solid angle subtended at the source
by one square metre of cross-section. If “lux” is the single
term for this unit, we have

lux = bougie per square metre A
=(bougie per steradian) - (steradian per square metre).
Hence, candle persquare foot or (candle per steradian) - (steradian
per square foot) is the proper expression for the candle-toof-toof
of the E'lectrician.

According to the above definition of * bougie,” the total cur-
rent from the candle would be 4 7 “bougies.”” But if “bougie”
is defined to mean the total current from the candle, and by
“Jux ” is meant the same quantity as before, we should have

1
Inx = 4 5 bougie per square metre.

We cannot logically avoid the 4 7; exclude it from the
source it appears in the intensity, and wvice-versa. This point is
overlooked in the established system of magnetic units, and
forms the basis of Heaviside’s rational system.

The use of the hyphen to denote a product unit is not very ap-
propriate, for it suggests the sign minus rather than the sign of
a product. It would be better if it were omitted altogether,
and the two component units amalgamated as in footpound and
kilogrammetre ; for then the nomenclature would correspond to
the algebraic convention which leaves the sign X to be under-
stood, and in addition the hyphen would be set free to denote
any compound unit other than the product or quotient.

If we consider the general subject of radiation we shall be
led to distinguish the following ideas with their corresponding
units :
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TABLE 1.

' |

X Idea. i c. 6. 8. Unit, |
|

1 antity of radiant emergy........ ....|Erg.

2. Current................ C eeeeeas ...|Erg per sec.

3. Strength of source.... .... ......... Erg per sec. |

4. Intensity of spherical source. ......... Erg per sec. per steradian.

5. Intensity of cylindrical source . ..|Erg per sec. per (cm.-radian.

6. Intensity of plane source.............. Erg per sec. per cm?®.

7. Density of source........ .....ooien, Erg per sec. per cm?®.

8. Intensity of current................... Erg per sec. per cm2,

9. Time flow ........cooivviiiiniann, ...|Erg per em3,
i

Quantity of radiant energy of whatever kind can be expressed
in ergs, and a flow in ergs per second. By strength of source is
meant the whole quantity of radiant energy which leaves the
source in & given time divided by the time ; the appropriate unit
is erg per second. The 2ntensity of a source is differently ex-
pressed, according as the radiation is spherical, cylindrical. or
plane. In the first case it is the ratio of a current through a solid
angle to the solid angle, and hence it is appropriately measured
by the erg per second per steradian. In the second case it is
the ratio of a current through a wedge-angle to the wedge-angle.
There is no recognized unit of wedge-angle; as it involves the
radian in one plane, and a length along the perpendicular to that
plane; it may be expressed by cm.-radian. Hence the intensity
will be expressed in erg per second per (cm.-radian). If the
radiation proceed from an infinite plane, its intensity is measured
in terms of erg per second per cm?

By the density of the radiation at any puint of a source, is

TABLE 1I.

T
IDEA. I

French. English.

1. Quantité de lumiére.
2. Flux lumineux......

9. Illumination........
Eclat intrinseque... .

Quantity of light......
Luminous flux........

4. Intensité lumineuse.|Luminous intensity Pyro.ooiis e,
7. Radiation intrinsdque|Intriusic radiation .... 'Lumen percm?.. .
8. Eclairement........ Ilumination .......... Tux ..., eee

Intrinsic brightness. ...

Quantity of illumination:Phot ........... 1

Rad.; lumen-hour..
Lumen....... ...

Pyr perem®....... |

mrma~<- "9
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meant the ratio of the flow normal to a small surface, to the small
surface, and is expressed in terms of erg per second per cm®. By
wntensity of current anywhere, is meant the ratio of the flow
through a small cross-section, to the cross-section, and it is also ex-
pressed in terms of erg per second per cm® By time flow is
meant the ratio of the energy which has passed through a cross-
section, to the cross-section ; it is expressed in terms of erg
per e,

The above is the appropriate system of c. ¢.s. units for any
kind of radiation measured simply as energy. But in the case
of light, the eye exercises a selective power, not only singling out
a certain range of wave-lengths, but discriminating among them
as to amount. If one of the units is defined with reference to
this discrimination exercised by the eye, then the other units of
the light system can be defined in terms of it, and the units of
length and time.

Recently M. Blondel has published (ZLa Lwmiére Eleotmque,
July 7, 1894), an ingenious and logical system of units of light
with corresponding practical units. When the ideas are arranged
in the same order as in Table I, we obtain the system exhibited
in Table 1I.

By “pyr” is meant a luminous intensity equal to one-twentieth
part of the luminous intensity of the Violle standard. By
““lumen” is meant the current of light through a steradian, the
spherical source having & uniform intensity of -one pyr; that is,

lumen = pyr-steradian.

By “lux” is meant the illumination produced by a current of
one lumen falling perpendicularly on a surface of one square-
metre ; hence,

lax = lumen per square metre.

The idea of No. 9 is expressed in French by illumination, but
this word in English means éclairement ; hence it has been pro-
posed by M. Hospitalier to introduce * lumination” into both
the French and the English languages to express the idea in
question.

The “phot” is defined as equivalent to *‘lux-second.” By
“rad” is meant the unit of quantity of light. It is defined by
rad = lumen-second

just as the coulomb is defined by
coulomb = ampere-second.
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The “phot™ and the “rad” are said to be of special use in
photography. But it may be asked whether the actinic system
of units is not independent of the optical system. Is not the
“pyr” then defined by the actinic effect instead of the optical
effect? If so, we have two complete systems of units, both
different from, but parallel to the radiant energy system.

M. Blondel does not introduce Nos. 3 and 5. Let “bougie”
denote a spherical source having a uniform intensity of one pyr;
then we would have

bougie = 4 7 lumens.

The symbols given in the last column of Table IT have been
proposed by M. Hospitalier, and he asks for criticisms. In the
system of symbols and abbreviations recommended by the Con-
gress, all quantities are denoted by oblique letters or script letters,
and units and abbreviations for units by perpendicular letters.
The proposed symbols, from their perpendicular character, will
not harmonize well with the other symbols of quantity. Also
they are already in use to denote vector quantities.

Discussion IN NEw YORK.

Tue Presipent:—1 will ask Mr. Kennelly if he will kindly
open the discussion on this paper.

Me. A. E. KennNeLLy :—Mr. President and Gentlemen. I
think we are much indebted to Dr. Macfarlane for bringing be-
fore us this evening a paper upon a subject of especial and rising
importance. The deficiency in the nomenclature and in the
measurement of illumination and light, is most noteworthy at
the present time, when in electrical science we are developing a
very praiseworthy accuracy in symbols, notations and definitions,
and this contrast is so great, that it is surely time we were
ashamed of the disparity, and were making serious efforts to im-
prove the condition of affairs. The subject has been treated
recently in the paper referred to by Dr. Macfarlane, namely
that of M. Blondel in Za Lumiére Electriqgue of July 7Tth
of last year, and all those who are interested in the subject can
hardly fail to be especially interested in that paper. M. Blondel
draws special attention to the great difficulties under which we
lie in relation to discussion and expression, owing to the absence
of any word or term to express the total quantity of light. It
is truc that in this INsTiTUTE efforts have been made, notably
upon the occasion mentioned in the first paragraph of the paper
before us, when the attention of the Chicago Congress was
initially directed to the deplorable deficiency in nomenclature in
this direction. But it has been urged that the time was not ri
for maturing any system of nomenclature or of symbols, for the
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reason that we had no c. a. 8. system of light. It is true that we
have no c. . s. system of light, and that our knowledge is so far
‘behindhand, that we can hardly expect, even in the near future,
to have a unit of light based upon the centimetre, gramme and
second system. But the position I wish to take is, that we are as
fully prepared now to define and name a unit of light as those
who represent us may be in the far future, when the knowledge
-of this subject will be, we trust. much improved. Light never
-can be expressed in c. . 8. units for the reason that it is merely
a ?hysiologica] quantity. Of course, radiant energy is expres-
sible in ergs, 7. ¢., in c. . s. units. But 8o soon as we come to
questions of practical importance, when we leave the domains of
radiant energy, light necessarily becomes a physiological ques-
tion, aud if we desire to be very precise, we absolutely do not
know that any standard rources of light, as we measure it or know it
to-day, would have the same magnitnde as the same source
selected in the times of the Greeksor Assyrians. ~ In other words,
we have no evidence sufficient to assure us that the human eye is
exactly the same instrument that it has been in previous centuries,
or that it will be in centuries to come; and consequently it is
impossible to define light practically, industrially, commercially,
by any c. 6. s. system of units. It is true that we may call so
many ergs expended in such and such a wave length of such and
such a frequency, as representing the unit quantity of light. But
until we are supplied with sources of ligixt. which are entirely
monochromatic, so surely must we mingle different wave lengths
and frequencies; and then the difficulty comes as to how we shall
compare different colors,and the only way in which that difficulty
can be met is by the use of the eye, and the physiological
factor enters into it. I trnst, therefore, that the members
will agree with me, that the time is now ripe for the adop-
tion of some term covering and conveying the idea of ‘quan-
tity of light.” M. Blondel suggests the term “lumen.” Call
the unit what you please, it is of great importance. We are con-
stantly making mistakes in our own thoughts, even those who
are giving the subject close attention, and who are supposed to be
conversant with its practical and technical details, while those who
cannot and do not give the subject the attention it merits, are
continually falling into pitfalls, on account of the absence of a
phrase expressing quantity of light, and the absence of the series
of ideas it would convey. Suppose we adopted such a term as
*“lumen,” I think that the question as to how far the use of that
term might become invalidated by subsequent improvements in
photometry, would be eliminated in the way that questions con-
cerning the magnitude of the ohm were eliminated. Electricians
did not refrain from producing the ohm in 1861 because their
methods were not sufficiently accurate. They produced the ohm
to the best of their knowledge, capabilities and beliefs, and the
ohm was correct within about one per cent., and subsequent at-
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tempts have improved upon the valuation then arrived at. So in
the same way, if our methods of measurement of to-day are nota-
bly inferior to what they should be for a precise definition of a stan-
dard of light, some such term as “lumen” can be adopted as repre-
senting a specific quantity, and in future such measurements as
may be made more correctly,and by processes more accurate than
at present, can correct that quantity and render it with all the
precision of the science that is to come. It is a matter of great
difficulty for any men, or even for any institution, to move inde-
pendently in a direction of this kind at the close of the nineteenth
century, and 1 think we could not do better than call upon our
colleagues, call upon allied societies in other parts of the world,
requesting the expression of their opinion upon the subject as to
whether the “ lumen ” is a good name, whether the *‘lumen ™
itself is a good unit, and whether any concerted expression of
opinion can be arrived at on this point. The position I desire
to take is that we are ready now. if we can only get concerted
action, to adopt a unit which may be practically, industrially and
commercially employed. I think it is eminently desirable that
we should exclude the names of persons from such a system of
units, and I think that M. Blondel’s position in that respect, so
far as he has shown it in Table II., 1s a correct one. 1t is to
be noted that the unit of illamination that M. Blondel has taken,
and which Dr. Macfarlane here represents, is that unit of illumi-
nation proposed by this InstiTvTE for the consideration of the
Chicago Congress, namely the “bougie-metre,” the bougie being the
bougie-decimale or the one-twentieth part of the Violle standard.
That produces an illamination which is the *“lux” here sug-
gested, namely the “lumen per steradian™. That unit has there-
ore been long proposed, and it has already a name suggested for
it. Mr. Preece about ten years ago suggested the name * lux,”
for the carcel-metre. The carcel-metre happened to be about
the value of a candle-foot. In other words. the British candle
ve at about the distance of a foot, the same illumination
that the carcel lamp gave at the distance of one metre. Since
that time, the carcel lamp has ceased to be a generally recognized
standard outside of France, its place having been taken by the
Violle, standardized by the Paris Convention of 1889, and the
hougie-decimale, nominally one-twentieth part of the Violle is
the recognized standard of luminous intensity to-day, although
many secondary standards are in daily use ; such, for instance, as
the Hefner-Alteneck, the Dritish candle and the new Reichsan-
stalt standard. There is one unfortunate fact concerning all the
units that are suggested by M. Blondel,and that i« that they are not
all centimetre units; some are metre units. If you glance through
Table II, it is evident that the metre enters as the standard of ref-
erence. That is an unfortunate fact which, perhaps, cannot be aver-
ted at the present time, for the reason that the  phot” having been
already adopted by the International Congress of Photographers at
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Brussels in 1892 ; it is, perhaps, too late to select a centimetre
unit for that purpose, and since the “bougie-metre,” which cor-
responds to the ‘lux,” has also been adopted practically, the
system cannot be altered to suit the centimetre standard of
length ; the metre must run through it. The symbols, however,
are unfortunate. The block symbols, in Table II., proposed by
M. Hospitalier, as stated by Dr. Macfarlane, are already in very
general use as denoting vector quantities, and some of these units
are not vector quantities. It is therefore desirable, that a spe-
cial notation should be employed which does not conflict with
the vector notation, and it would be possible to put an asterisk
or star, or some sign of notation attached to the ordinary capital
letter to indicate that the unit of light was intended.

I hope, therefore, that the members will be in accordance with
me that some action should be taken in this matter to endeavor
to obtain a system -of units for light and illnmination, in which at
least the unit quantity of light should be clearly understood.

Tre Presipent:—Gentlemen, youn have heard the remarks of
Mr. Kennelly. Do you wish to take up his suggestion now or
will you discuss the paper first ! I understand Mr. Kennelly to
suggeet that the INsTrTuTE call on societies in different parts of
the world to ascertain whether or not they have any suggestion
to make concerning the use of the word *‘lumen” as a unit of
flux or guantity of light. Should you see fit to do this it would
seem to me that our regular Committee on Units and Standards
would be a good committee to refer that to. Ilowever, it is for
you to determine.

Mz. Townsenp Worcorr :—I wish to make a few remarks only,
about & portion of this paper which refers to what you might
call “mho” units. There is worked out here a system which
is entirely consistent with itself. But it seems to involve the
same difliculty as the other notation. If we write tan™, the
difficulty seems to be that people mistake this inverse function
for the reciprocal of the tangent. The only word of the kind
m d we have adopted so far is “ mho,” which is ohm spelled

ward, which is reciprocal rather than the inverse funetion.

It seems to me there would be danger that people would con-
found it in the rvame way. As to t%lee expression, tan~!, it seems
to be perfectly logical, only the principle is not carried out. The
old English writers on mathematics, De Morgan—in fact, every-
body so far as I know that has written on calculus operations,
otherwise called the functional calculus, used that notatiom for
all functions. If we write ¢ ; ¢ represents an operation, and
then if we put an index to it, for instance % that means the opera-
tion is repeated. If we put ~!, it would mean that that opera-
tion is performed the other way—an inverse operation is
performed. The only trouble is when we go further. Most peo-
le when they write, tan® 2, mean the tangent of 2%, as Professor
thfarlane says. It might be perhaps well to have Professor
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Macfarlane’s notation in addition to that. We sometimes have
two notations for the same thing, and it does not do any harm.
For instance, besides fractional indexes such as .}, we also write
that expression the other way: +». If we put § there: § vz
it would be just the same as 2>. We have two ways of writing
the some thing.

This word * toof,” instead of foot, is suggested to represent
the reciprocal of a unit rather than an inverse operation, while
Professor Macfarlane’s reversed words represent operations per-
formed —inverse operations instead of the reciprocals. It seems
that there is just the same danger of people getting those two
things mixed up as there is in the present notation.

TrE PresmpENT:—Is there any further discussion on this
{mper? Do I understand that there is & motion before the

NSTITUTE respecting the suggestion that this matter be referred
to the Committee on Units and Standards?

Me. Woroorr:~I move that the subject be referred to the
Committee on Units and Standards.

Tue Presipent :—It is moved that the subject be referred to
the Committee on Units and Standards, with the view of com-
municating with institutions in different parts of the world in
order to ascertain their views as to the fitness for that use of
the word “lumen ” for quantity of light.

The motion was carried.]

B. DouaLass BurNeTrT :—Prof. Macfarlane is to be congratu-
lated in adding to the results so carefully and searchingly ob-
tained by Mons. A. Blondel. M. Blondel has emphasized for us
the idea of flux of illumination. A perusal of the articles which
have from time to time appeared on the subject of the distribu-
tion of illumination, shows the general appiication of the term
“ quantity of light,” to the expression of this idea, with the omis-
sion of the term “ radiated per unit time.”

In considerations like the present, we must distinguish be-
tween units for practical, and for theoretical application. Prac-
tically we are concerned simply with («) the intensity of the
source of light, and (%) the brilliancy of illumination of the ex-
posed surface. Theoretically we must have in mind the opera-
tions in progress in the space between the source and the illum-
inated surface.

In considering the radiation of heat from cooling bodies, which,
being at high temperatures, are sources of energy, or the radia-
tion from hot bodies in which the heat is continuously supplied,
we arrive without difficulty at the idea of a flux of energy
from such bodies ; and we ordinarily s eak of the number of
calories or B. T. u. radiated per unit time through a certain
space from a surface of unit area. In the case of the conduction
of heat within a solid medium, the same terms may be used.
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Then by the use of the mechanical equivalent of heat, these
numbers are transmuted to enenl'sl7 units—kgm. or joules.

In light however, it is not ordinarily so evident that there is a
radiation of energy from a luminous body, or a reflection of
energy from reflecting bodies, and in consequence we use in
photometry the candle as the unit of intensity of a source, or the
candle foot, or foot candle, as the unit of light received on a
eurface. The idea that in the space surrounding a source of
light, there is a continuous passage in straight lines in all direc-
tions of that which may be transformed into mechanical work, is
not usually apparent in such considerations.

As it stands, M. Blondel’s paper is not complete, in that it
fails to include the ideas which }i)r. Macfarlane has summarized in
Table I. The idea of the distribution of energy in the space sur-
rounding & luminous source lies at the root of this table.

It is to be hoped that at no very distant date illumination will
be capable of being expressed in absolute units. We note with

leasure Prof. R. A. Fessenden’s suggestion on page 112 of the
fast volume of our Transacrions, with reference to the visual
effects produced in various parts of the spectrum, when the
radiation of each wave length is regulated in amount to equal one
watt ; also the results obtained by Prof. H. F. Weber, given to
the Berlin Academy of Sciences in 1588, which included a
formula expressing the relation between the intensity of any
selected homogeneous radiation, the corresponding wave length,
the temperature and the (}uality of the radiating substance.

It seeme quite possible that with certain data supplied, we
could at present express in energy units any amount of light
which may pass through a given space. This it seems might be
done by combining the efficiency of the source (the ratio of
luminous to total radiation) with the total energy supplied. Thus
in the case of sunlight at the earth’s surface, Werner Siemens
has given its luminous efficiency as 25 per cent. Langley has
measured the radiation received from the sun at zenith to be 133
foot-pounds per square foot per second; also Young has given
the zenith illumination as 60,000 metre candles. We have here
by reduction 44.76 watts of light received per square foot, or
482 watts per square metre, in the form of light. a‘hat is, there
is a flux through a square cn1. of cross-section of the ray of light
equal to 48,200 ergs per second.

Similarly we might express the light energy radiated from a
50-watt 16-candle incandescent lamp with 5 per cent. luminous
efficiency (Merritt). We may thus find that in order to secure
the same intensity of illumination as is produced by the sun, as
above supposed, the filament should be placed at the center of a
sphere of 2 cm. radius. In that case, light energy would be re-
ceived at a density of 482 watts per square metre on the inner
surface of the sphere.

The light produced by a gas flame might similarly be estimated
in absolute units, by taking into account the calorific power of
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the fuel, its rate of burning, the mechanical equivalent of heat,
and the luminous efficiency of the flame, which is approximately
5 per cent. '

Considering further an arc with 10 per cent. luminous efficien-
¢y (Nakano) we may determine the amount of energy in watts
or joules per second, radiated as light from this source.

laving once obtained the radiation from a source in absolute
units for several typical cases, photometry as ordinarily carried
out will give the value of the energy of any measurable source.
Thence we may obtain measures for each ofy the items enumer-
ated in Professor Macfarlane’s Table I.

IL
The English nnit in common use corresponding to the pyr, is
the candle. We have the definition—
lumen = pyr-steradian.
The “lumen ” is similar to the candle-steradian. We have in

the English system, however, no unit similar to the * lumen.”"

If we attempt to express the idea embodied in this name we will
find that our sole means of expression is the foot-candle per square
foot ; this, however, is not an appropriate name, inasmuch as the
light of one foot-candle shining upon two square feet, is equal
simply to one foot-candle over two square feet. While the
amount of radiation equals theoretically two foot-candles per
square foot, yet this statement would not be applicable to the
case of the concentration of light produced by a projector, for
the term may only refer to the intensity over each square foot.
The illumination in the ahove case is not two, but one foot-
candle per square foot. The statement can only be made definite
by tbe use of some such term as candle-steradian.

IIL

The word *‘ray” is capable of exact mathematical defini-
tion just as is the magnetic term “line of force.” The latter
represents unit intensity of magnetization; the former may rep-
resent unit flux of light, or intensity of radiation passing through
unit cross-section. A light of certain candle power may be stated
as emitting a certain namber of rays per square cm. at unit dis-
tance, as & magnetic field may be said to be traversed by a defi-
nite number of lines per square cm. The parallel beam from a
projector might be referred to as being of density so and so many
rays per square inch or centimetre.

Iv.
While on the subject, we might take it upon ourselves to point
out that the space candle-power curve as ordinarily found in

papers stating the results of photometric measurements, does
not catry the idea which it is intended should be given. In case
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of a vertical candle power curve of an arc lamp, if the intensity
under various angles with the horizon, be reduced by means of
the formula : Intensity of illumination (foot-candles) = intensity
{candles) at source -+ (distance)®, we may get vertical curves
showing the actual illumination produced at the various points in
the space surrounding the arc lamp. Such curves drawn through
points of equal illumination may be called *isophotals.”

If a map of such curves be made, the curve referring to values
of 1,2 . . . . etc, foot-candles, and a line representing an
illuminated surface in section, be drawn to cut such curves at a
definite distance from the lamp, the amount of light to which
these curves individually refer will be incident upon the points
at which they cut the lines so drawn; and therefrom may be
drawn, if so desired, another curve, representing these various
values of illumination as we proceed from point to point of said
surface.

In conclusion, I mnay state my belief that the expression of
such ideas as are found in both lgr. Macfarlane’s and M. Blondel’s
papers cannot fail to be of inestimable value in the clarification of
photometric conceptions.

[CommunicaTiON RECEIVED AFTER ADJOURNMENT.]

Mg. Crayron H. Suare (commmunicated):—In regard to what
Dr. Macfarlane says concerning the name of functions which are
reciprocals of already named functions or units, it seems to me
that we must not lose sight of the fact that words are essentially
sounds, which among civilized people are represented by a cer-
tain combination of symbols. In forming a word by invertin
the order of the letters of a known word, we reverse the histori-
cal and logical process of word formation and violate all etymo-
logical principles. If we wish to express the fuct that a relation
exists between a unit and its reciprocal, we should give to the re-
ciprocal a name, 7. ¢., a sound, that will suggest the relationship.
For example, the symbol ‘“sin.” stands for a particular word.
We can, according to phonetic laws. give to the symbol “nis.” a
sound ; but this word will bear no relationship to the word rep-
resented by sin.,” The word which we might imagine to be rep-
resented by a ¢ candle-toof-toof ” is just as good English as it is
Choctaw, and no better. Moreover, the appearance of a word.
formed by inversion, conveys no idea to the brain unless we
cultivate the Chinese art of reading backward. That this so-
called “principle ” has its limitations is evident, if we suppose
that we wish to form, according to it, a name for the reciprocal
of the ¢ watt.”

The table of ¢. . s. units of radiation which the author gives
is very interesting. The only thing lacking is a method of estab-
lishing a o. 6. 8. unit of luminous intensity, and unfortunately,
we seem to be about as far from that as ever. The units pro-
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posed by M. Blondel are undoubtedly logical, and their namnes
are well chosen. The chief objection to them outside of that
urged by Dr. Macfarlane is, it seems to me, that we have little or
no use for them. We do need a name for the unit of luminous
intensity, and, perhaps a simple, rather than a compound name
for the unit of illumination would be desirable. Further than
this in the naming of units, it seems to me that we need not go.
The other units are used so little that it would not be burden-
some to employ compound names for them, and it is always to
be remembered that a multiplicity of abstract names invariably
causes confusion.

Discussion AT CHicaco, JANvaRrY 16th, 1895.
[Mr. S. Arthur Rhodes in the Chair.]

Pror. W. M. StiNe:—I would call attention to & movement
that is now gaini:g force amongst the photographers of the
country. As the editor of one of the leading photographic jour-
nals recently expressed to the speaker, *“ We are trying to get rid
of our worst enemy, daylight.” Since daylight is such an un-
certain-factor in photographic work, the arc lamp is fast coming
into use to replace it. Photographers are thus endeavoring to
obtain a unit light or condition of exposure for their plates.
They have a pmﬁlem before them similar to that encountered in
electric illamination, but one whose applications simplify it to
some extent. I mention this fact because the paper just read has
some bearing on their investigations. -

As an attempt to point out the conditions and relations of unit
radiation from a light source, the paper has great merit, and,
while the mathematical relations have been so fully worked out
by the author and others, yet the attempt to assign a nomencla-
ture to certain unit conditions seems perhaps premature. A
portion of the title seems unfortunate. The paper does not deal
with the unit of light as in any sense applicable to illumination,
but the unit conditions of radiant energy, as applicable to a hot-
non-luminous, as well as to a hot-luminous source. To render it
applicable to purposes of photometry, the question of the amount
of radiant energy from the accepted unit for illumination under
the unit conditions here laid down must be determined. It seems
that this after all is the vital question, and the subsequent ones
of the relations of space radiation could readily be obtained from
well- known properties of solid angles. All through the discus-
sion & standard of illumination seems presupposed. But here
rests the whole matter. We seem almost furtfler removed from
a light standard than ever before. It is the gl;%'siological action,
or peculiarities of the eye which causes the difticulty. The eye
is concerned with the quality of the light rather than the inten-
sity of the radiant energy from a source. Even should we arrive
at a standard for illumination, which would evaluate the effect of
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a given light on the eye, and express this unit in terms of the
energy involved, we could by no means employ the conclusions
here expressed in such a general sense as to make them applicable
to all lights.

The quality of a light being its larger factor, lights of a dif-
ferent character cannot be compared along the lines of simple
energy relations ; at best we can only compare a single light as
affected by space relations. Even should the “light of the
futare ” be realized, we must still hold it capable of variation
and quality. The conclusion is, that the attempt to establish
unit space and surface relations for purposes of nomenclature
is not well founded. Neither can we hope it will gain general
acceptance. The whole matter seems to belong to the sphere of
radiant energy. and it is a question of pure physics rather than
one applicable to electrical illumination. As such, the conditions
have already been worked out, and can readily be applied in the
restricted sense already pointed out, when occasion demands. It
seems ill-advised to confuse a subject dealing only with the pure
physics of radiant energy by the application of such terms for
units as apply only to questions of illumination, involving but in-
directly those of radiant energy.

The desire to establish units for the evident purpose of nomen-
clature has here reversed the usual and logical order. It seems
reasonable to await the establishment of a given unit condition
before attempting its nomenclature. We must first of all attain
a unit condition of light, or, rather of illumination, if the unit is
to have any influence. Then it is probable that the naming of
the unit would be all-sufficient. Its space and surface relations
can be dealt with by the aid of the usual mathematical relations,
without encumbering the process with useless nomenclature.
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THE BEST METAL FOR FIELD MAGNET FRAMES.

BY ALTON D. ADAMS.

Cast-iron, cast-steel and wrought-iron being the materials at
our command for field magnet construction, it is an important
question to the engineer and manufacturer, which will produce a
dynamo of given capacity, speed, efficiency and working quali-
tiee at the least cost.

I am not aware that any of the works on dynamo construction
attempt a definite answer to this question, and the practice of
builders is by no means uniform. Economical points of satura-
tion requiring about the same magnetizing force per unit of
length in each metal, are for cast-iron a little under 40,000, cast-
steel, 70,000 to 80,000, and wrought-iron about 90,000 lines per
square inch.

The cost of cast-steel is fully equal to that of forgings in sim-
ple shapes, and as it lies between cast and wrought-iron in mag-
netic qualities, the cost of machines made with it will be between
those of cast and wrought-iron. A comparison will, therefore,
be made between the cost of the latter two.

To be fairly compared, machines of different materials must
be equal as to magnetic flux in field and armature cores, ampere-
turns on armatures, field ampere-turns required in air-gaps, and
as nearly ar possible in magnet frames, watts used in windings,
and be of the same capacities and speeds.

Taking wrought-iron at a saturation of 90,000 and cast at
40,000 lines per square inch, the section of an equivalent cast,
will be two and one-quarter times that of a wrought frame, and
as the length of the cast-iron frame must be a little greater to
give enough winding length, its weight will be about two and
one-half times the wrought. A saving is thus at once made in
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favor of the wrought magnet, as forgings can be had per pound
for much less than two and one-half times the cost of cast-iron.

The same number of ampere-turns and watts being required
for the coils of the cast as the wrought-iron magnet, and the
weight of wire varying as the square of its length, the coils for
the cast-iron frame will be much heavier. The armature core
may have the same diameter in each frame, but must be longer

in the cast frame so as to come under the pole-pieces, thus materi- -

ally increasing its weight.

As for the same resistance, the weight of armature winding in-
creases as the square of its length, considerably more wire is re-
quired for the armature core of the cast-iron machine. In addi-
tion, the purely mechanical parts, shaft and base must be larger
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and more costly .in the cast-iron machine because of the greater
weights they have to carry. ~

To illustrate the difference in cost of construction, the follow-
ing data of two machines is presented, each having capacity of
25 x. w. of 1,275 revolutions per minute, the same winding
losses, the same ampere-turns on armatures and field ampere-
turns in air-gaps equal to about twice the armature ampere-turns
active at the pole corners.

The air-gaps and armature cores of each machine are crossed
by 4,320,000 magnetic lines, and allowing a leakage of 25 per
cent. the field core must furnish 5,760,000 lines.

A wrought-iron field to carry 5,760,000 lines, at 90,000 per
inch saturation, requires a section of 64 square inches, which is
provided by a core of 8 inches square and a cast-iron field at
40,000 lines per square inch requires a section of 144 square
inches provided by a core 12 inches square.
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Allowing sufficient length for magnet windings, the same air-
gap resistance and an armature core of 11 inches diameter for
each of these frames, their dimensions will correspond to the
above drawings.

The weights of these frames are

Wrought-iron frame......cccoeeeeeierccosces sose oo 1020 lbs.
Cast-iron frame.........covieeecrecncionnesssssioaans 2780 ¢

For work as shunt motors, the wrought-iron machine requires
11,000 ampere-turns in the air-gaps and 2,000 in iron, the cast
machine 11,000 ampere-turns in air-gaps and 3,800 in iron.

With 440 watts expended in field coils of each machine, an
average length per. turn of 38 inches in the coils for wrought-
iron, and 51 inches in the coils for cast-iron, the weights of these
coils are

Wrought-iron machine........................L 1338 lbs. copper.
Cast-iron machine......... ....o.oiiaiilt, 840 « ¢

The drum armature for the wrought frame is 11 inches
diameter and 8 inches long, that for the cast frame 11 inches
diameter and 12 inches long, without allowance for shaft hole.

The weights for armatures are

Wrought-iron machine....... Yeseesrieiesens +.. 211 lbs. disks.
Cast-iron machine........c.oeiviiiniinineecneenss 816 ¢«

With a loss at full load of 490 watts in the armature wind-
ing for wrought-iron machine, and 464 watts in the armature
winding for cast-iron machine, these windings require in

‘Wrought-iron machine.............coooeiinan oL 49 lbs. copper.
Cast-iron machine...........coviviiieeiiianann. ) S “

The above indicates plainly the great saving of wrought over
cast-iron in dynamo construction.

From the users’ standpoint the wrought-iron machine seems
preferable on account of its lesser weight and bulk, this differ-
ence being especially marked in machines for direct connection
to engines, and other purposes, where slow speed is necessary.

Disoussion 1IN NEw YoRrk.

Trr Presipent :—I will ask Prof. Crocker if he will open
the discussion on this subject.

Pror. Francis B. Crocker :(—Mr. President and gentlemen, I
regret that Mr. Adame did not carry this subject further, becaunse
it 18 certainly interesting, and is also very important. The prin-
cigal comment would be in regard to treating the subject more
fully. But I note one or two points. In the first place, he dis-
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poses of cast-steel in & manner which I think is hardly worthy of
it. I mean to say that I think it deserves better treatment; be-
cause, in the first place, the cost of cast-steel is less at present
market prices than that of forgings of the same shape. or ex-
ample, cast-steel can be obtained in ordinary sizes and shapes, and
in quite comdp]icated shapes at four cents per pound. Drop
forgings would probably cost something like six or seven for similar
shapes and similar sizes. To be sure we can get plain wronght-iron
in bar shape, for example, or cylinders of wrought-iron, for two or
three cents a pound ; but before these were gotten into shape to be
used for dynamos and motors they would cost considerably more,on
account of the machine work, and the fitting on of the pole-
ieces and various parts. The raw material might be fairly cheap,
Eut before it was gotten into the finished shape, I think it would
cost more than the cast-steel, to say nothing of the complication
and disadvantage of having a machine made up of several parts
instead of one integrat casting. Consequently, I should say that
cast-steel should be put ahead of wrought-iron as a material for
the field-magnets of dynamos and motors.
I would also like to call attention.to the fact that the terms
*“ cast-steel ” and “ wrought-iron ” ure arbitrary. We are accus-
tomed to consider wrought-iron as a certain material, and cast-steel
as quite a different material, but those names are based usuall
on the processes of production, and not on the chemical composi-
tion or physical properties of the metal obtained. 1 do not
think that point is fully realized by those who have not made a
special study of it. Mr. Tesla called my attention to the fact sev-
eral years ago that “steel ” may be actually purer iron than the
ordinary wrought-iron of commerce. Consequently it is really
cast wrought-iron, and therefore we might expect, and we do
actually get about the same magnetic permeability for cast-steel
as for wrought-iron, simply because it 1s nearly pure iron in both
cases, the impurities being about the same. gf course very pure
wrought-iron is purer than so-called cast-steel, but ordinary
wrought-iron is not. The old idea was, that steel consisted of iron
containing about one per cent. of carbon. Of course, to-day, that
is not necessarily so, because it is possible to get mild steel which
contains only a very small fraction of one per cent. of carbon. The
advantage of cast-steel is that it can be obtained in almost any
desired shape. I will cite only one case to illustrate where cast-
steel could Ee employed, and it employed very successfully, where
it would be out of the question to employ wrought-iron, and that
is in the box type of raillway motor. It is almost inconceivable
that such a machine could be made with a wrought-iron field
magnet ; whereas cast-steel answers admirably, and boxes with
sides only half an inch or so in thickness, can be made very suc-<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>