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AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS.

New York, Jan. 3, 1902.
The 159th meeting of the INSTITUTE was called to order at 8.25
P. M., President Charles P. Steinmetz in the Chair.

SECRETARY PoPE:—At the meeting of the Board of Directors
/ this afternoon, the following associates were elected:
NAME. ADDRESS. ENDORSED BY

AmstuTz, NOoAH STEINER, Business partner Amstutz E. P. Roberts.
Osborn Co., 27 Hillsdale Geo. M. Hoag.
Ave., Cleveland, Ohio. Alfred H. Cowles.

ARMSTRONG, SAMUEL GEORGE, 1 Kimberley Villa, (ler Llogd.
Harrington St., Cape Town, Geo. W. Blodgett.
South Africa. John Denham.

ARrNOLD, CHESTER HaAsTINGS, Assistant Engineer New C. A. Adams, Jr.
York Telephone Co., 18 Cort- B. Gherardi, Jr.
landt St.; residence, 241 H. F. Thurber.
East 18th St., New York City.

AVERRETT, ANDREW E., Engineer, General Electric C. P. Steinmetz.
Co., Schenectady, N. Y. W. I. Slichter.

Eskil Berg.

ErwiIN, FRaxk BENNETT, Demonstrator Federal In- G. C. Van Buren.

strument Co., 293 Clinton E. G Bernard.

Ave., Albany, N. Y. R. J. Pratt.
y EstEs, OrRaNGE A., Central Union Telephone Co., J. H. Klinck.
Akron, Ohio. G. F. Sever.
Henry Rustin.

\ Everir, Ebpwarp Horchriss, Superintendent of E. F. Peck.
Equipment, The So. N. E. C. W. Price.
Telephone Co., 641 Whitney E. R. Knowles.
Ave., New Haven, Conn.
FErGUSsON, SAMUEL, Engineer, General Electric Co., C. P. Steinmetaz.
chenectady, N. Y. A. H. Kruesi.
M. I. Pupin.
ERALD, THoMas, Jr, Superintendent F. €. E. R. Louis Duncan.
Frrzc R. Co.. Fairmount, W. Va. W, L. Hodges.
W. D. Young.
r. EDWARD WyLLYs TAYLOR, Manager, New York C. W. Rice.
Gray Sales Office, Westinghouse C. F. Scott.
Electric and Mfg. Co., 120 C. A. Terry.
Broadway, New York City;
residence, Montclair, N. J.
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METHODS OF ILLUMINATION.

BY LOUIS BELL.

At the risk of being iconoclastic, I am here going to discuss
the art of illumination from its human and practical side rather
than the technical details of electric lighting, and to compare
methods as bearing upon the result rather than in their theoreti-
cal relations.

Artificial lighting in some form or other has come down to us
from the very dawn of history, but without material change in
methods and apparatus, until well into the last century. Its re-
sources have been vastly increased within the past seventy-five
years and have grown up with the rise of what one may call
technical civilization. The development of electric lighting
which has taken place during the last quarter century has en-
riched the art with extraordinary facilities, and it is the bearing
of these upon the art in general and upon each other that forms
the subject under discussion.

Now, at the very outset, I must confess the profound convic-
tion that as things are at present we are using the tremendously
potent means at our command with a reckless indiscrimination
that in the long run profits little to art or civilization. We have
contracted in no small degree the modern and peculiarly Ameri-
can vice of megalolatry, if one may venture to coin the word,
and estimate illumination like many other things by the magni-
tude of the display.

It is difficult to realize in this the change that a century or so
has wrought. As nearly as we may estimate from the somewhat

meagre data that have come down to us, the most splendid fete
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in the days of Louis Quatorze glittered with less than a fifth the
illumination that makes conspicuous the bourgeois tawdriness of
a twentieth century function,but who shall care to say that ratio
represents a gain to art or a new conception of regal magnifi-
cence? Art and civilization do not necessarily gain with added
physical resources. Better the rush light that shone on the wine
stained doublet of Will Shakespeare than the electric arc with
Mallock and Oscar Wilde.

The truth of the matter is that with the immensely powerful
sources of light now at our command, there is a constant and
often reprehensible tendency to turn on more and more light
irrespective of quality and of actual needs until the net result is
loss rather than gain. We too often forget that illumination is
a problem at once physiological and physical, and that by reck-
less profusion of light it is a perfectly easy matter to key the
vision as it were, up to a pitch which demands extraordinary
methods to produce the most commonplace results.

It is a fundamental physiological fact that the eye works
equally well, sees with equal facility, within a very wide range
of illumination. True, as the light intensity is reduced a point
is finally reached at which the normal eye begins to labor and
strain, picking out details instead of grasping the whole, but it is
equally true that if the lighting is carried above a certain inten-
sity the eye reaches a point where it not only gains nothing in
ease of perception, but suffers from over-stimulation. Between
these limits, varying obviously for different tasks, there is no
intrinsic reason for increasing or diminishing the illumina-
tion except in so far as a reason may be sought in convenience or
economy.

Whatever the methods employed, the end of artificial lighting
should be to furnish illumination in quantity fully adequate for
the conditions to be met, and in quality such as will neither
unduly strain the eye nor in any way inconvenience the user. It
is the adaptation of means to end that should be sought here as
everywhere else. From this standpoint, quality is more import-
ant than quantity. It is no easy matter to define the quality of
light in any simple terms. -Certain qualities, however, must be
possessed by any really good light in order that it may not do
positive injury to the eye and may prove efficient visually. The
three most important qualities for a practical illuminant are in
the order of their importance as follows:

1. Steadiness.
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2. Suitable intrinsic brilliancy.
3. Suitable color.

1. Steadiness.—The importance of this property cannot be
over-estimated, for without it in a rather high degree an illumin-
ant is both impracticable and dangerous to the eye. An un-
steady light works evil in two distinct ways, somewhat different
in their relation to the physical properties of the light. In the
first place we must remember that the eye is provided with a
partial defense against unsteadiness in the visual inertia given by
the persistence of retinal impressions, and that in addition it has
the iris working automatically to steady the amount of light
which reaches the retina.

A flickering, unsteady light may injure the retina through
overworking it by a rapid succession of violent stimulations, or
it may tire the automatic mechanism of the iris, or it may do
both. The iris is peculiarly a defence against slow changes in
illumination. At full aperture it has 15 or 20 times its area at
minimum aperture, or perhaps double this ratio under extreme
conditions, but its time constant is large, several seconds, and in
an unsteady light it never gets a chance to settle into a position
of equilibrium. Visual inertia is a defence against very rapid
changes, but not against slower ones and there is a wide range
of frequency between the point at which visual inertia fails to

protect and the point where the iris can give material aid.
Within this range, unsteadiness, whether accidental or periodic,
may be both distressing and dangerous.

Let us try if possible to get a quantitative conception of this
case. The frequency at which flickering in incandescent lamps
becomes annoying is a much mooted point, the view of the de-
bater generally depending on what he has to sell: The real ques-
tion, however, is what variation in amplitude of illumination
constitutes an amount which is physiologically serious if periodi-
cally repeated. Obviously a change from light to darkness is
vastly worse than a small change in brilliancy at the same fre-
quency. Eyes differ in sensitiveness, but in my own case I have
found that a variation of 10 per cent. at the rate of one or two
maxima per second is very annoying and tiring. This observa-
tion was made, by the way, with the potent assistance of a pump-
ing synchronous motor which could give variations in voltage up
to five volts on an ordinary incandescent circuit: Retinal per-
sistance is of course a very variable phenomenon, but for a rough

approximation taking this constant at 1/5 second, a 10 per cent.
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falling off in brilliancy would correspond to about 1/50 second,
and one would feel entirely safe in saying that sudden flashes
1/50 second apart would cause trouble at once, and, probably
owing to frequent recurrence, very serious trouble. In point of
fact, an alternating arc worked with small current density gives
such a succession of flashes, and in spite of a certain amount of
thermal stabilily would be quite impossible at 25~, and is bad
even at 50~ per second. Incandescent lamps, having greater
thermal stability, present smaller fluctuations due to frequency,
but are very bad at 15~ to 20~, and show fluctuations trouble-
some to some eyes up to and even above 35~.

Under conditions of prolonged use, fluctuations considerably
less than 10 per cent. may become troublesome as is well shown
by the evil effects of flickering gas burners, in which the changes
of absolute intensity are small. Here, of course, the phenomenon
is complicated by flickering at the edges of the retinal image,
but taking all the facts together, I think that one may safely
say that any source of light subject to rapid and frequent varia- -
tions as great as 5 per cent. is unfit for use as an illuminant for
work requiring steady use of the eves. Much greater changes
occurring slowly enough for the iris to act with them, or at in-
frequent intervals can be tolerated without inconvenience.

2. Intrinsic Brilliancy.—The brightness of the radiant used
in artificial lighting is a matter of great physiological moment.
If the image of a brilliant light remains on one point of the retina,
it may and probably will produce serious over-estimation, and
the bruised spot, as it were, may become the nidus of painful and
dangerous inflammation. Any oculist can report a long list of
serious or destructive injuries due to this cause. On the other
hand, if the image wanders over the retina rapidly, it produces in
a minor degree the same unpleasant result experienced in coming
suddenly from a darkened room into bright sunshine. Especially
is this true if the brilliant radiant now and again dodges into the
field of vision without giving the iris a chance to act. The funda-
mental rule of proper illumination is to keep brilliant radiants
out of the field of vision. Apart from the mischief done. the
iris in the presence of such a radiant shuts up as far as possible,
and objects not brilliantly illuminated are seen with great diffi-
culty. Hence, the common experience of being unable to see
across an arc light, and the serious difficulty thrown in the way
of pilots by search lights unwisely displayed. It is a common
experience, too, that shading a brilliant radiant may greatly
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improve the seeing conditions in a given space while actually
reducing the available illurnnation. Tt is almost impossible to
get a quantitative measure of such a gain, though it is often
quite marked. The ingenious illuminometer of Messrs. Houstcn
and Xenneily, and the tint comparing instrument of Mr. Bijur,
ancther fellow member, both break down here since, they work a
shielded eve.

The real criterion of visual usefulness is not the illumination 7,
but the product / o, where o is the effective aperture of the iris;
and since this latter factor is a function of the brightest radiant
in the field we may properly write the criterion

I

7 (B)

where B is the intrinsic brilliancy of the radiant. This whole
subject needs investigation, but like other matters involving
subjective facts, it is very hard to get at. We can, however, get
an approximate notion of permissible values of B for practical
purposes. The experiments of L. Weber on intrinsic brilliancy
give a clue to the conditions found in practice. Reducing them
to mean values and candle power per square inch, some of his
results are as follows, approximately:

Horizontal white card, in brilliant sunlight....... 25
White sunlit cloud .......................... 7
Argandbumer.. ........... .. ... ool 6.5
Horizontal white card, dull winter day........... 0.26

Now there is no doubt whatever that the intensity first men-
tioned is far too great for comfort, considering the normal eye.
It is, in fact, extremely trying. The second and third, most of
us would consider rather uncomfortably bright if they were
fairly in the field of vision, and all the experience along this line
seems to indicate that for radiants within the field of vision at
the distances ordinarily met with in interior lighting an intrinsic
brilliancy of 5 c. p. per square inch is quite as high as it is wise, for
hygienic reasons, to go, and better rather less than rather more.
This indicates at once for the radiants in common use, that they
should never be employed within the working field of vision
without diffusing shields to keep down the intrinsic brilliancy.

Obviously, with the given limit of intrinsic brilliancy, the
diffusing globes must be of fair dimensions. With proper diffu-
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sion the entire globe surface may be taken as the radiant, and
for a first approximation the radius of a spherical diffusing globe
should be at least

cP

r=——

Vin

C. P. being the candle power and r being in inches. With very
high intrinsic brilliancies, such as are given by arc lamps, it is hard
to avoid the appearance of a nucleus of great brilliancy, and
proper diffusion means considerable loss of light. But arcs
should be kept for the most part out of the working field of
vision, so that this objection is not so serious as might otherwise
be the case.

3. Color.—1It is not necessary that artificial illuminants should
conform to a particular color standard, save where color is a
matter of prime importance. It is, however, true that the gen-
eral applicability of a light is very strongly influenced by its
hue, and that broadly, strongly colored lights would fail conspic-
uously in visual usefulness. Quite aside from the matter of color
perception, it is the orange, yellow and green that make up the
working luminosity of the spectrum formed by sunlight to the
extent of about 80 per cent., and even were a brilliant deep blue
or red light produced it would require far greater energy for the
same luminous effect than a yellow or greenish light.

The eye unquestionably does its best work by light approxi-
mately like that through which it has been evolved. But sun-
light is a very variable quantity. Outside the atmosphere the
sun would appear conspicuously blue, but we live and move
and have our being inside the atmosphere, and the color of the
illumination outside is only of academic interest. On the
meridian the sun gives light that is to all intents and purposes
white, but as it declines, the atmosphere steadily filters out the
blue and violet, until by the middle of the afternoon the entire
blue end of the spectrum is down to about half its previous in-
tensity, while the general luminosity has fallen only about 20
per cent. The general color tone is then distinctly yellowish
white, and still later in the day when the sun is only a few degrees
from the horizon, the blue contingent is practically wiped out and
the light shades off from orange yellow to orange red. Brilliant
diffused light, being mixed with considerable sky light, which is
noticeably blue, for the very reason that the setting sun is not,
is perceptibly richer in blue rays than average sunlight.
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For our purpose, the conspicuous fact about natural light is
that it seldom or never verges on the blue or violet, and never
is tinged with blue green, green or yellowish-green. Its average
tint is slightly yellowish-white, with a tinge of orange late in the
day.

A color match made at high noon will not hold when the sun
is on the horizon, but memory of exact color value is not much
to be trusted, and the knowledge that the tints did match at
noon usually convinces the observer at sunset that “ the light
is poor,” any variation being attributed to lack of light rather
than to its real cause, change of hue.

As regards artificial lights, generally supposed to fail con-
spicuously in giving what we are pleased to call * natural "
color effects, every one of them, except the enclosed arc, which
is strongly bluish, and the Welsbach, which is greenish, can be
matched by normal sunlight at some time of the day. Even a
Hefner lamp is not redder than a low sun on a hazy day.

The ideal artificial light from a purely utilitarian standpoint
should represent average sunlight. So far as artistic results are
concerned, from the present canons of human taste, a light
weaker in the blue and green is to be preferred. Taste may
some day be evolved to a point where a thallium-green illumina-
tion will be considered becoming, but we are not there yet.

So far, then, as color is concerned, one can plan for artificial
illumination with reasonable freedom of choice. It is by no
means clear even that it is always desirable to employ white
light for color-matching, unless one can guarantee that the match
will be viewed only by white light. An enclosed arc worked with
rather small current and untinted globes will distort average or
normal color values quite as much as will gas light. Hence, the
importance of enclosing shades which correct color as well as
diffuse light.

Classes of Illumination.—One may broadly divide illumina-
tion into (1) General and (2) Directed. Each class has its own
relations to the requirements for quantity and quality, and each
may be further subdivided. But so far as methods and the
choice of illuminants are concerned, there is an important dis-
tinction between light intended to be generally diffused and light
intended to facilitate particular operations at particular points,
It is in the adaptation of methods to ends that the finesse of the

art appears.

If by some new invention the energy required to produce one
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candle power in illuminants of all classes could be cut down to
one-half its present value, the world would be in an uproar over
it. But it is well within the truth to say that skilfully treated,
illumination will effect at least an equivalent saving, or will give
vastly better results for the same expenditure of energy. Highly
efficient radiants are per se very desirable, but if efficiency is
gained at the loss of other important qualities, it may be dearly
bought. Illumination, visual usefulness, is the thing to be
sought. On this basis it has been often maintained with some
show of reason that the working unit by which practical lighting
should be measured and practical radiants judged is illumination
rather than intensity.

Hlumination vs. Intensity.—In favor of using the measured
illumination as the criterion by which to judge sources of light,
it may properly be said that illumination rather than light
intensity is the thing which is practically important. Illumina-
tion is the object of artificial lighting, and it is a matter, from
this standpoint, of no particular consequence whether the radi-
ants have one or another particular intensity so long as the
result is achieved.

On the other hand, I have already shown that the real criterion
in artificial lighting is not the illumination as measured in certain
conventional ways, but what I have called * visual usefulness " ;
1. ¢., the illumination as modified by the way in which the radi-
ants are applied. Moreover, illumination is an extremely
dificult thing to measure with precision. There are difficulties
enough in ordinary photometric measurements, even when
pursued with the aid of the best modern apparatus. The
difficulties in the way of measuring illumination in terms of the
lux or candle foot at various points in a space that is artificially
lighted are ten-fold greater. It is photometry with all the con-
ditions against precision, and even with the illuminometer of
our confreres Houston and Kennelly, as good an instrument as
yet devised for the purpose, the mean error of a single observa-
tion is stated by the inventors to be about ten per cent. It and
all of the instruments of its class for the purpose of measuring
illumination have proved, as a matter of experience, to be both
rather slow and rather inaccurate; hence, such measurements
are in themselves unsatisfactory as means of passing final judg-
ment upon commercial lighting.

It should further be said that the instruments for measuring
illumination as such, seem to be afflicted with peculiarly large
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personal errors. Some observers, otherwise careful and trust-
worthy, are unable to get coherent results from them at all,
while occasionally one acquires a knack in their use so as to
obtain very consistent results, which, however, are more than
likely to vary widely from the results obtained by another suc-
cessful observer.

Aside from this, even were it possible to make measurements
of illumination with precision, illumination is not in the last
resort the thing which we are really after,” which is the power
to see, t. e., visual usefulness, and this involves physiological
quantities of which it is almost impossible to take physical
account.

Moreover, the testing of lighting by illumination, pure and
simple, involves the art of placing radiants, and while commer-
cial measurements by illumination might tend to develop this
art, they will also afford almost unique facilities for meeting the
letter but not the spirit of the specifications, facilities which are
only too great in the case even of intensity measurements upon
commercial illuminants, which are susceptible of determination
to a fair degree of accuracy. Hence, in view of all these facts,
I believe that attractive as measurement of illumination, or still
better, visual usefulness may be in theory, in practice it will
prove far better to fall back upon intensity measurement on
which the illumination measurement must finally depend.

As a rule, I have observed that there is a tendency to favor
measurements of illumination chiefly on the part of those engaged
in exploiting illuminants that cannot satisfactorily stand com-
parison on the basis of intensity.

We must then, I think, judge commercial illuminants so far as
their quantitative relations are concerned, by intensity measure-
ments, leaving their qualitative relations—some criteria regard-
ing which have already been suggested—for consideration on
their merits.

The Intensity of Illuminants—The fundamental measure-
ment, then, on which one must base all comparison of methods of
of artificial illumination is the measurement of the intensity of
the radiant. :

I have neither time nor disposition here to bore the INSTITUTE
with any discussion of the technique of photometry. The gen-
eral methods and apparatus, however, are worth some consider-
able notice.

To my mind the chief desideratum in dealing with matters of
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artificial lighting is the settling down of practice on some con-
ventional basis, as regards a standard of light. Working stand-
ards may be easily constituted from incandescent lamps, but to
obtain a primary standard reproducible with a good degree of
precision, and answering reasonable requirements as to color and
steadiness is a very different matter. The literature on the sub-
ject is large and our INSTITUTE committee has added not a little
of value to researches bearing on the subject, but up to date there
certainly is not in general use a standard which anywhere nearly
meets requirements. The Violle platinum standard, which was
a laudable attempt to obtain a standard light which in a general
way would fall in line with the c. G. s. system may be said to be
practically non-existent. It has not proved to be properly
reproducible and the experience of most of those who have tried
it is, that it is a ticklish and uncomfortable sort of standard to
deal with; consequently, its sub-multiple, the bongie-decimale,
must be regarded as a species of luminous phantasm so far as
present practical developments are concerned, and with the
bougie decimale should tentatively be classified its derivative, the
lux. Lux is the conventional name for the fundamental unit of
illumination, but so long as it is referred back to the bougie
dectmale, which is not a practical standard of intensity, it must
remain in a species of scientific limbo from which in due time I
trust that it may be freed.

As practical standards we have in use in the scientific and
commercial world, the English standard candle, which is the
only one having in this country a legal recognized existence; the
Hefner-Altneck lamp adopted by the International Congress of
1896, most thoroughly investigated by the Reichsanstalt and
scientifically in good repute; the German candle, perhaps now
tending to pass out of use; the French Carcel lamp and the
Vernon-Harcourt pentane lamp now developed in a 10 c.p. size.

The relations between these various standards of intensity are
only approximately known, each fresh investigation of the sub-
ject tending to give a new set of values differing very materially
from the last.

The English candle we have all used and, I think, have cor-
dially disliked. It is not very accurately reproducible, although
conveniently so. It is not steady to a suitable degree. It is
rather small for work with commercial radiants and only fairly
good in color. It is, however, the legal standard in this country
and so long as it remains so must be treated with a certain degree
of respect.
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The Hefner-Altneck lamp, on the other hand, is quite accur-
ately reproducible and fairly steady. It is, however, open to
two objections so grave that they must inevitably ere long cause
its rejection as a general standard. These objections are its very
small intensity and its extremely bad color; indeed, its use as a
standard involves the problems of color photometry in a some-
what aggravated form. Any one who has often attempted to
balance the Hefner-Altneck lamp against an incandescent for
example, will realize that although consistent results can by ex-
treme care be obtained, the comparison is a distinctly trouble-
some one and not what one would care to permanently depend
upon as the basis of scientific measurement. It is essentially a
difficult comparison.

The Carcel lamp is somewhat better in the point of repro-
ducibility and steadiness than the English candle, and not as good
as the Hefner-Altneck lamp. Its intensity is decidedly more
convenient, however, and its color is better than that of the
Hefner-Altneck lamp. It can hardly be considered, however,
as a standard which is likely to be used in an international way
and certainly is without standing in this country.

The Vernon-Harcourt pentane standard—the present legal
standard in London—deserves, I think, respectful consideration.
It has recently been carefully looked into by the committee of
the American Gas Lighting Association with somewhat encourag-
ing results. This committee found a very satisfactory degree of
constancy under rather widely varying conditions. The point
of greatest interest in its report was that pentane of practically
constant quality is commercially obtainable, so that so far as the
material consumed goes, this standard would seem to be satis-
factory as the amyl-acetate one as regards reproducibility. The
constancy appears to be satisfactory, and the color and magni-
tude of the standard are such as to give it a strong claim for
consideration. It has not yet been investigated so completely
that a final estimate of its desirability may be formed, but I am
much inclined to the opinion that a standard of as high intensity
as this is very desirable and that this particular standard is
worthy of very serious investigation.

I have passed by in this briel enumeration the Methven screen
which is in considerable and successful use as a secondary stand-
ard, but concerning which the concensus of opinion seems to bear
out the view that in point of reproducibility and constancy it
leaves something to be desired.
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Such, then, is the state of things as regards standards and the
unsatisfactory nature of the situation is not open to debate. The
most important step to be taken in the reduction of illumination
to a practical condition, is the general acceptance of a primary
standard even as a tentative matter, so that instead of various
investigators working with standards bearing only approximately
known ratios with each other, they shall, at least, deal with the
difficulties and errors involved in the practical use of a single
standard. At present we have results given in candles, decimal
candles and Hefner units, and we have to look carefully at the
investigator’s preface to discover to which of these he has tem-
porarily pinned his faith.

As derived units of illumination we have the lux, in theory
based on the decimal candle, and occasionally passing into
variants, like the candle meter, using the English candle, or the
Hefner-unit meter in its turn. i

Still apart from these we have the candle-foot, which falls in
logically enough with our English measurements, but can never
be satisfactory as an international standard. Considering the
uncertainties at present existing in the fundamental units in the
matter of intensity, it is small wonder that the derived units are
likewise in a bad way. The logical derived unit, which has the
greatest importance in a practical way, is the unit of luminous
flux, called lumen in the tentative nomenclature of the Congress
of 1896. The conception of light out-flowing from a center and
all available light as a quantity based upon this conception, is a
most useful one. The total light given by any radiant must
evidently be expressed in some such way as this, in order prop-
erly to take account of its sometimes very great variations in
different directions. :

As regards the much-mooted question of a conventional direc-
tion of measurement, in comparing radiants, it seems to me that
the application of a little common sense simplifies the problem
wonderfully. If light emitted in all directions from a radiant
point may be useful for the purpose of seeing—a proposition
which scarcely admits debate—then the total luminous flux is
the thing which ought to be measured. If for a particular pur-
pose, under particular circumstances, concentrated light in one
direction is desirable, then for that purpose and under those cir-
cumstances, light in that direction should properly be measured.
It is the case of general illumination on the one hand and directed
illumination on the other.



1902} BELL ON METHODS OF ILLUMINATION. 17

The light from various radiants is distributed in a very diverse
fashion. The commonest distribution is that of a more or less
flattened ellipsoid, with cusps more or less pronounced at either
extremity of the axis. Whatever the peculiarities of the distri-
bution, the total light-giving power of the radiant as a whole is
settled once for all by its mean spherical value. There is no
other method of measurement which gives even an apporximate
value for the total luminous power which that particular radiant
furnishes. In the last resort, this total luminous radiation is the
important scientific quantity, and hedge it about as we may with
certain .conditions as to its distribution, in comparing the effi-
ciency of radiants as regards light-giving power, mean spherical
intensity is the omnly ground in common upon which all can
stand.

As Chairman of the Committee of the National Electric Light
Association for the rating of incandescent lamps,I have wrestled
for the past five years with the intricate and annoying problem
of finding for commercial convenience,if possible, some equitable
and simple method of applying a common test to radiants differ-
ing even so little in their distribution as do incandescent lamps,
and after canvassing the whole question and examining a vast
amount of data on the subject, after struggling to escape from
the details of the somewhat intricate mean spherical meas-
urement, I am compelled to fall back upon it as the court of last
resort in matters of illumination.

I shall speak later of some of the annoying practical considera-
tions that have entered into this conclusion. The mean spherical
standard, however, is the common basis upon which all radiants
can fairly meet for a judgment of their total light-giving power
and for a comparison of the total luminous energy which they
furnish, as related to each other, and as related each to its own
consumption of kinetic energy. Many objections based upon
so-called practical considerations have been raised to this primal
rating, but they have been and are uniformly raised by those
exploiting illuminants which can be measured in some other way
more advantageously to themselves.

It is perfectly natural from the commercial standpoint for one
to desire that his particular radiant should be measured in its
direction of maximum candle-power. It reminds me of the early
arc lamp salesman who vociferously lauded his particular system
before a board of aldermen as furnishing lights of 8,000 candle
power, and when asked for an explanation promptly replied that
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his lamps were placed at the corners of two intersecting streets
and gave 2,000 candle power up and down each street. If that
was not 8,000 candle power,he would like to be informed why not.
There likewise have been, not infrequently, objections raised to
using a candle power or similar rating at all, or indeed the falling
back upon photometric measurements of any kind, but in all
such cases it is entirely safe to assume that a mean spherical
measurement of the objector’s particular illuminant on a purely
photometric basis would disclose very potent reasons for his dis-
inclination for having such a measurement made.

Practical Illuminants.—As electrical engineers in dealing with
problems of illumination we practically make use of the following
classes of illuminants: open arcs, enclosed arcs and incandescent
lamps of various types and efficiencies, to which we must now
add the * Nernst "’ type of lamp.

We may, perhaps, look forward in the future to luminescent
lamps of one type or another, but at present these, I regret tc
say, have no practical bearing upon the art of illumination.
These available radiants differ in all the properties which go to
make up a useful illuminant, and possess, each of them, vices or
virtues more or less important with respect to their adaptability
to the solution of various practical problems in artificial lighting.
It is perfectly safe to say that no one of them has shown, up to
the present, such conspicuous superiority in all particulars, as to
give any logical reason for adopting it to the exclusion of the
others. They vary widely in total power, in intrinsic brilliancy,
in steadiness, in color and in efficiency, and all of these properties
have to be borne in mind in adapting them to practical business.

GENERAL ILLUMINATION.

By general illumination I mean such illumination as is ordi-
narily required for illuminating considerable spaces in-doors or
out.

General illumination is intended—so far as in-door use is con-
cerned—to give light for the ordinary vocations or amusements
which people carry on after nightfall, and must be proportioned
in intensity and color to the requirements of these conditions.

General illumination out-doors is for similar general purposes,
but the requirements for it differ from those for in-door lighting,
by reason of the fact that general illumination out of doors is not
for the purpose of enabling one to do any particular work, least
of all work requiring a strong light, and consequently is usually
very much less in amount than general illumindtion in-doors.
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Moreover, inasmuch as the chief use of illumination ou* of doors
is to enable people to get about conveniently, or at the most to
handle rough work expeditiously, its quality in color, brilliancy
and even in steadiness, need not come up to the mark which is at
once necessary if one attempts to read or to carry on ordinary
work by the light in question.

In recent times the tendency has been to use arc lamps for all
general illumination out-doors, reserving in-door work for in-
candescents; a task which they have shared in varying propor-
tions with ordinary gas or gas in some of the modified mantle
burners. The chief merits of the arc for out-door work are
cheapness and power.

The old open arc, which until the last few years has done the
bulk of general out-door lighting, possessed the merit of giving
at a high efficiency a very powerful light at a moderate price.
Its conspicuous demerits were great unsteadiness and intrinsic
brilliancy so high that it either had to be shaded or else installed
so high above the ground as to be practically out of the field of
view except from a distance.

The old open arc was, as all of you know, of two general types:
the high voltage arc, ¢. e., the ordinary type at about 50 volts,
and the old low tension arc of about 35 volts pressure between
the carbons; the amount of current used in the two being prac-
tically inversely to the voltages employed.

The former type was the one which survived the earlier years
of electric lighting, and the so-called 2,000 candle-power arc,
taking about 9.5 amperes, was generally regarded as standard for
out-door work. In point of fact, this open arc was and is the most
powerful radiant practically used for exterior illumination. Its
great intrinsic brilliancy was always an objection to its use in-
doors or near the ground, and its distribution of light—said dis-
tribution being largely in a narrow zone about 45 degrees de-
pressed from horizontal-—was not such as to answer successfully
the requirements of street lighting. The consumption of carbons
was rapid and the lamps seldom burned steadily. In-doors the
case for such arcs was much worse. They were too bright, too
irregular in distribution and far too unsteady for such illumina-
tion. From a mistaken notion of economy, also, they were
generally installed in too few numbers, each arc replacing about
twice the number of gas jets which it ought to have replaced,
with the result of giving an unequal illumination with very sharp

and dense shadows that proved extremely annoying to the eyes,
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and the visual usefulness of which was extremely limited.

With the growth of constant potential circuits special open arc
lamps were devised, which overcame in a measure certain of these
difficulties, particularly the unsteadiness. The difficulties of too
great brilliancy and bad distribution remained, however, with the
open arc even in this improved form.

Abroad it has been and is the practice to use two and some-
times three constant potential open arcs in series across the ordi-
nary lighting mains, and owing to the fact that carbons of a very
high quality are available in Europe at a low price, in point of
steadiness the Continental type of open arc has generally proved
very satisfactory; while the installation of two or three in series
so greatly increases the output of light for a given expenditure
of energy when working on a constant potential circuit that one
can afford to enclose the arcs by dense diffusing globes, which
almost entirely obviates the difficulty of too great brilliancy.

In this country, as you all know, the recent tendency has been
entirely toward the enclosed arc. The great economy of carbons
and of labor, together with the steadiness of the light and the
improvement of the distribution by the lengthened arc and by
the diffusing inner globe, have operated to bring such arc lamps
into constantly increasing use both in-doors and out. It must
be said, however, that enclosed arcs have one fault for in-door
work which may become and often is very serious, 7. ¢., a ten-
dency toward an exaggerated bluish white or even violet hue,
which makes the illumination derived average as bad in point of

* color as in any known artificial illuminant.

A tale is current in the profession, of a certain grocer in a
New England city, which shall be nameless here, who exposed
for sale in front of his store a large box of cranberries, only ta
have them admired as the biggest blueberries of the season when
evening came and the enclosed arc hanging in front of his store
put in its work upon the cranberries.

This is but a slight experience of a condition which may exist
and which seriously hampers the usefulness of certain kinds nf
enclosed arcs when used in-doors.

For most out-of-door work the bluish tinge of the enclosed arc
lamp is not an objection. Its steadiness is admirable and its dis-
tribution is so very much improved that for street lighting the
uniformity of illumination is far greater than that attainable by
the earlier form of open arc.

Still more recently the enclosed alternating arc has come into
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wide use for street lighting and to a less extent for in-door work.

The distribution of light from this radiant is even somewhat bet-
ter than that from the enclosed direct current arc. The intrinsic
efficiency of the alternating arc, however, is distinctly less than
that of the direct current arc and compensating advantages have
to be sought in its somewhat better light distribution and in the
somewhat better efficiency of the apparatus by which the energy
is delivered to the lamps.

1 may not here enter into the question of alternating current
vs. direct current for arcs for street lighting, since it is one which
could be threshed away at for the entire evening without saying
half that could be said. Suffice it to say that if one uses the
alternating arc, it is in my opinion necessary to provide some-
what more energy per lamp than in the case of the direct current
arc, either open or enclosed. The efficiency of the lamp for street
lighting may be expressed in gross candle power, in illumination
within a certain specified radius, and by the minimum illumina-
tion at the extreme distance between lamps.

So far as absolute brilliancy goes, there is no question that the
old 2,000 candle power open arc gives a greater luminous flux
than any of the improved arcs which have replaced it. Its dis-
tribution of light, however, is open to serious objections on the
score of general economy, for the centre of the zone of the maxi-
mum of illumination falls at a distance from the foot of the lamp
post equal to the height of the lamp above the pavement, and
within and without this zone the light falls off somewhat rapidly.
Both the direct current and alternating current enclosed arc
throw the maximum of light nearer to the horizontal and hence
produce a larger and better illuminated area.

If the open arc could be used with a proper diffusing globe,
such, for example, as the Holophane globe, sometimes, but rarely
used on arc lamps, it could undoubtedly duplicate the more
uniform distribution of the enclosed arcs at increased efficiency;
but any efficient plan for redistributing light in this way means
working with the arc in a fixed focus; <. e., it means practically a
focussing lamp, if the carbons are rapidly consumed, as they are
in open arcs. The increased cost of the focussing lamp has so
far debarred its use in this country, so that the open arc has been
denied the advantage of such fixity of the radiant point as would
be desirable.

We judge the illumination of a street by two things; first, by
the light actually delivered at the surface of the ground; second
by the general illumination produced along the street
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A light which merely renders luminous the dull surface of the
pavement, leaving the houses and objects along the street in
comparative darkness would not in the long run prove to be a
satisfactory means for lighting a street; hence, one must take into
account the general light delivered as well as that furnished on
the plane of the ground. Light delivered much above the plane
passing horizontally through the lamp is of comparatively no
effect in improving general illumination, unless the lights happen
to be in narrow streets bordered by unusually high buildings. A
view of any large city from a considerable distance at night gives
a vivid idea of the waste of luminous energy which goes on.
Sometimes for many miles the lights of a city are visible by the
reflection upon the clouds and diffusion from the floating particles
in the air above the city.

As to the practical lights used for street lighting, it is hard to
suggest a fair and adequate method of rating. Out-door work
differs radically from in-door work in one very important par-
ticular; 1. ¢., in the aid which is received from diffusing surfaces.
Out-of-doors there are practically no diffusing surfaces of any
importance on which the light falls, except the ground when
snow-covered in winter. In-doors the aid received from the dif-
fusion is very important, as we shall presently see; hence out-
doors, rays thrown much above the horizontal are comparatively
ineffective. Rays thrown directly downward need not be strong
in order to produce adequate illumination at so short a distance
from so powerful a radiant. The best test of relative effective-
ness would probably be the zonal candle power of the radiant
over a specified number of degrees below the horizontal. This
is obviously a somewhat unusual and difficult method of testing
and the commoner rating by lower hemispherical candle power,
which has come considerably into use, is reasonably fair and con-
venient. The best test of all is the general visibility through the
region to be illuminated, not the minimum illumination expressed
in candle feet, or the average illumination over a zone, or the
apparent brightness of the radiant at a fixed distance, but rather
the general impression of useful working light as it forces itself on
the attention of an observer used to judging relative illumination.
This is a thing for which one could hardly draw a specification,
but which is distinctly a function of the intensity of the light
given and its distribution. It is not at all a case where photo-
metry would not give a useful result, but rather a case where if
one applied the somewhat slow and troublesome photometric
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processes one would find a condition of affairs which always
appeals at once to the educated senses.

Speaking in a general way on this basis, experience shows that
the so-called 2,000 candle power arcs can be replaced lamp for
lamp with enclosed continuous current arcs taking between 6.5
and 6.75 amperes with, upon the whole, distinct improvement
to the general lighting, especially in the lessened intrinsic bril-
liancy of the radiant. The minimum illumination between lamps
will remain about the same; the bright zone disappears; the
average illumination over the area is somewhat less, but the
visual usefulness—which, after all, is the vital test of general
illumination—is distinctly greater with the enclosed arcs, by
reason of their less dazzling impression.

With the alternating arcs conditions are not quite so favorable.
The 6.5 ampere alternating arc is certainly not the equivalent
for street lighting purposes of either the so-called two thousand
candle power open arc, or the enclosed direct current arc taking
equal amperes with the alternating arc. The latter throws out
a little more light far toward the horizontal, but from the effect
produced the general usefulness of the light as an illuminant for
streets is distinctly inferior. When pushed to about 7.5 am-
peres, however, the enclosed alternating arc is fully up to the
enclosed direct current arc of 6.5 amperes, or thereabouts.
Either of the enclosed arcs at 6.5 amperes is superior to the
so-called 1,200 candle power open arc. I am compelled, how-
ever, to say that the series enclosed arcs, taking in the vicinity
of five amperes, are very greatly inferior to those of the ordinary
ampereage, and in my opinion, a five ampere direct current
enclosed arc is by no means the equivalent for practical illumin-
ation of the old 1,200 candle power open arc. With reduced
ampereage, both direct and alternating current give a light very
strongly bluish and very much inferior in practical visual useful-
ness to the whiter light of the open arc or the enclosed arc carry-
ing relatively high currents. There has recently been a fairly
successful attempt to combat this by the increased density in the
carbons, 7. e., by using in these lamps with reduced current car-
bons having considerably less cross section than in the more
powerful lamps. This increased density in the carbons produces
a salutary effect upon the color of the lamp and renders its use
much more satisfactory, although at the cost of somewhat more
trouble in renewing carbons.

There has been a great deal of discussion regarding sub-
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dividing the lights for street illumination, replacing, let us say,
7.5 ampere alternating arcs by an increased number of 5 ampere
accs. This sort of replacement obviously tends to increase the
minimum illumination, to lessen the dark spaces between lamps
and to give a somewhat lower maximum.

On the other hand, unless the smaller lights are worked with
increased current density of the carbons, the quality of the light
will be decidedly inferior. Its visual usefulness will also be
reduced so as in part {o counteract the gain from increased
minimum brilliancy of illumination. The lamps also become
more numerous, more difficult to take care of, and more costly
to install, so that it becomes a practical question for each station
to settle for itself on the basis of its costs.

This process of sub-division cannot, however, be carried on
indefinitely without getting into trouble from decrease of the
maximum illumination; in other words, there will be sufficient
light on the street at all points to see to get about, but the gen-
eral illumination of the street will seem to be and will be com-
paratively dim. There are cases, as when streets are much shut
in by trees, when the ordinary incandescents can be applied with
very excellent results, but unless used in great masses they are
rather unsuccessful in duplicating the general brilliancy produced
by arcs. Between arcs and incandescents proper in point of
power, intrinsic brilliancy and efficiencv, comes the Nernst lamp,
recently introduced. It is too early as yet to speak of its practi-
cal usefulness for street lighting, but if its life proves to be
satisfactory and its brilliancy holds up reasonably well during its
life, I see no reason why it should not usefully meet with many
of the requirements of a considerably sub-divided street illumina-
tion.

Enclosed arcs and incandescents have the obvious advantage
of great steadiness, so that they will probably more and more
completely displace the old-fashioned open arc for street lighting
as for many other purposes. It may be interesting to note that,
in round numbers, it takes in the vicinity of 5 k.w. per mile of
street to give a reasonably good illumination.

For general illumination in-doors the requirements are radi-
cally changed from those of out-doors. Steadiness and good
color form very important considerations. The intrinsic bril-
liancy of the radiant, if it has a high intrinsic brilliancy, must be
cut down, as has already been pointed out,by diffusing globes and
shades. In a general way the power of the radiants should, for
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conditions of greatest usefulness, be proportioned to the area to
be illuminated. One could illuminate, for example, a circus
tent, an armory or a similar large space with incandescent lamps,
but the probabilities are strong that arcs would on the whole
answer the purpose better. Contrariwise, one does not ordinarily
wish an arc lamp or anything of corresponding brilliancy in one’s
office. Very brilliant radiants are so objectionable in-doors thag
the use of shades and globes is imperative, whatever the illumin-
ant chosen. All electric illuminants have intrinsic brilliancy
so high as to forbid for hygienic reasons their installation un-
shaded within the field of view. Even incandescents should be
shaded or should have ground or frosted globes, if anywhere
within the working field of vision. As has already been pointed
out, a diffusing globe on the brilliant radiant improves visual
conditions by lessening the glare more than it injures them by
reducing the absolute amount of light which gets away from the
radiant. Open arcs, as made and used in this country, are
generally too unsteady to be worth considering for interior
illumination. About their only useful function is in the inverted
form, when used for lighting a room by pure diffusion from the
walls and ceiling. In every case of interior illumination, diffusion
is an important factor in the amount and quality of the illum-
ination. In very high rooms with dark ceilings, or in rooms
deliberately blackened, like photometer rooms, the illumination
depends chiefly on the light received directly from the radiant.
In all ordinary enclosed spaces, however, the illumination
measured as such is from one and a half to three times the illum-
ination which can be accounted for by the direct radiation. It
is a perfectly easy matter to test this by placing close in front
of a powerful radiant a small opaque disk and observing the very
considerable illumination within the shadow of this disk due to
the light diffused from the walls and ceiling. The shadow may
appear dense, but there will be, nevertheless, a considerable
amount of working illumination even within the shaded area.
The presence of this diffusion has two very important effects.
In the first place, it lessens the energy needed for the radiant
to produce a reasonable amount of general illumination.
Secondly, it renders the distribution of light from the radiant
practically a matter of indifference, providing this distribution
is not eccentric in some remarkable fashion.
Both of these facts are of great practical importance in plan-
ning illumination, both as to kind and amount. Further than
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this, the color of the diffusing surface often has an important
bearing on the general color value produced by the illuminant
used. If one desires to judge colors as they would be judged in
daylight, it is necessary not only that the radiant itself should
give light near to white, but that the diffusing surfaces, which
co-act with it in producing the general illumination, should not
be strongly colored.

A well-shaded open arc gives a close approximation to day-
light color values. Next to it comes the Nernst lamp and incan-
descent lamps worked at high efficiency—three watts or there-
abouts per candle. Next to these come gas jets of the ordinary
kind and enclosed arcs worked with fairly large current; the
former erring somewhat on the side of yellow and the latter on
the side of blue. The obvious moral is, when using enclosed arcs
provide at least one globe with a slightly yellowish coloration,
which reduces the enclosed arc to a parity with the open arc in
the matter of color values without serious loss of brilliancy.

Finally, at the foot of the list come Welsbach lights and low
current enclosed arcs. Neither of these should ever be used
where color values are an important consideration without
elaborate shading to suppress the dominant green and blue tinge,
of the respective lights. Since all of these radiants should be
shaded for interior work, it is easy to apply such corrections for
color by the use of tinted shades, although in some cases the loss
of light by this procedure might prove objectionable.

For all this work of general illumination in-doors, the quantity
which determines the total useful luminous effect is, with rare
exceptions, the total luminous flux and not the flux in any one
particular direction. It is the total luminous flux that deter-
mines the amount of light available, both for direct illumination
and for the diffusion that is scarcely less important. The ordin-
ary observer has no conception of the efficiency and artistic value
of diffusion in securing general interior illumination.

Those of you who chanced to attend my lecture early last
year before the New York Electrical Society, will perhaps
recollect the wonderfully effective diffused illumination; thanks
to Mr. Lieb, in whose precinct the lecture was-given, it was
possible to secure by the use of 32 c.p. incandescents in the frieze
around the upper part of a high hall, where practically the
whole diffusion came from the ceiling. A

Radiants which, on the score of high intrinsic brilliancy or
even bad color would scarcely be permissible for direct use,
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can be used with great effect in producing a purely diffused
illlumination. I lay stress upon the importance of diffusion,
because it not only wipes out the sometimes annoying differences
of distribution between different radiants, but also because the
development of diffused lighting gives promise of obtaining
artistic results, which can hardly be secured in any other way.
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STREET ILLUMINATION AND UNITS OF LIGHT.

BY W. D’A. RYAN.

PHOTOMETRY.

In order to make photometric comparisons of open and en-
closed arcs, 1 have found it necessary to work as far as possible
with fixed conditions such as current, voltage and position of
arc. The widely different results of various investigators are in
part due to insufficient attention to these essential points, par-
ticularly the latter. A photometer with a reasonably long bar is
also indispensible. This should be provided with an adjustable
revolving sector disk by which the light from the arc can be
reduced so that all settings can be made in the most accurate
part of the scale. This arrangement permits working with a
single standard and with light of low intensity which decreases
the error introduced by color difference. A rotating crane is
required for elevating and depressing the lamps in order to
measure the light from different angles in the vertical plane.

A Bunsen photometer as described can be operated by three
observers, but I have found four more satisfactory; one devotes .
his time entirely to making settings of the screen, the second
maintains the current and voltage at the proper values, the third
notes the position of the arc, and the fourth records the readings
taken when the fixed quantities are correct. After working to-
gether for a few days, such a complement can reproduce the
average characteristics of light distribution of arc lamps to within
5 or 6 per cent. of the mean which, for arc lamp photometry, is
considered very satisfactory.

CaNDLE PoweER CURVES.

The curves in Fig. 1 were obtained by the method described.
29
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To render the curves of commercial value the tests were carried
on with lamps equipped as they ordinarily would be for street
lighting, that is to say, the open arc lamp was trimmed with
7/16” National carbons and was provided with a clear globe.

The enclosed arc lamps were trimmed with high-grade carbons
and were provided with opal enclosing and clear outer globes
and street reflectors. All lamps were adjusted so as to consume
approximately equal watts at the arc. ’

First confining our attention to the direct current lamps,
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Street Illumination Curves. Candle Power Curves.

Fic. 1

curves A and B, we will observe that the open arc lamp gives a
greater maximum candle power (which, of course, is not by any.
means a measure of its usefulness). The enclosed arc lamp gives
a stronger light through the most useful angles of from say 3° to
10° below the horizontal and from the shape of the curves it is
self-evident that the distribution from the latter is more uniform.

ILLuminATION CURVES.

We are not, however, particularly interested in the candle
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power of the lamps. We desire principally an even illumination
along the street surface, and we wish mainly to project the light
as far from the source as possible.

To make this comparison, it is therefore necessary to convert
the ** candle power curves ” into * illumination curves ”’ giving
the candle feet along the ground on surfaces normal to the rays
of light. '

The illumination curves in Fig. 2 are plotted for lamps 25 feet
above the ground and at intervals of 300 feet. By introducing
the element of distance we find that the strongest light received
on the ground fro.n the open arc is not projected at an angle of
15° as indicated by the candle power curves, but falls at an angle
of about 60° below the horizontal, illuminating the ground
brilliantly at a distance of about 15 feet from the pole, thus
showing that in order to properly compare illumination of differ-
ent lamps we must look to the surface illumination curves rather

than the candle power curves, as previously stated.

VARIATION IN THE MEAN HEMISPHERICAL CANDLE POWER OF DIRECT
CURRENT OPEN AND ENCLOSED ARC LANPS,
AVERAGE WATTS AT ARC 480

Further analyzing the curves, it will be observed that the
illumination of objects on the street surface from the open arc
lamp is brighter up to a distance of about 100 feet from the
source. Beyond this the light from the enclosed arc lamp is the
strongest, and at 150 feet it exceeds the open arc by consider-
able, and this is made still more effective by the absence of
strong light in the immediate vicinity of the lamp. This advan-
tage is so obvious that further comment seems unnecessary.

Comparisons so far have been confined to fixed conditions with
respect to current, voltage and the position of the arc.

We have next to consider the variations caused by the wander-
ing of the arc, variations of potential between picking up and
feeding points, fluctuations due to drafts of wind, non-homo-
geneity of carbons and other changes introduced by the inherent
peculiarities of the different lamps.
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VARYING ARCc.

Open arc lamps ordinarily pick up at about 45 volts and feed
normally at about 50. The light projected in any direction is
approximately proportionate to the amount of crater area visible
from any point in that direction, and the amount of crater area
visible varies greatly with the small change in the length of the
arc introduced by a difference of 5 volts.

Where lamps have been installed for a considerable period and
have not received proper attention, the voltage variation may
greatly exceed the normal limits. The lamp is then said to be
working between a sluggish feed and the hissing point, and as

Fic. 3.

the arc feeds on an average cycle of about ten minutes, varying
irregularly between 5 and 15 minutes, the candle power and
illumination shown in Figs. 1 and 2 represents only instantaneous
values which occur at very irregular intervals.

The enclosed arc lamp is particularly free from this variation.
The arc is about #” in length and the lamp feeds in about 4-hour
cycles, varying irregularly between 3 and 5 hours, and the feed
is an instantaneous drop and pick up to the original position.
There is, however, a rise of voltage due to the heating of the
shunt coils which may amount to 10 or 15 volts. This is a grad-
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ual rise, taking place during two or three hours, and is not notice-
able as a variation to the casual observer. It is objectionable,
however, for other reasons. In some lamps this variation is con-

CHARACTERISTIC DISTRIBUTION OF LIGHT INTENSITY ON BURFACE.
OPEN AND.ENCLOSED DIRECT CURRENT 480 WATT ARC LAMPS.
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:mlled by what is called a *“ compensating winding '’ which auto-
Tatically adjusts the relation between the shunt and series coils
s the lamp heats up.
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For such lamps we may say that the mean hemispherical light
is practically constant, as the voltage at the arc does not materi-
ally change. Thermostats have also been employed to accom-
plish the same result, but they have not proved entirely satis-
factory, and in some localities they require a summer and a
winter adjustment.

WANDERING ARC.

The second variation of importance in open arcs is caused by
wandering of the arc, due primarily to the non-homogeneity of
the cheap grade of solid carbons usually employed. When the

Fic. 6.

arc travels to the edge of the carbons we have a great volume of
light from one side and very little from the opposite side.

. Under such conditions the photometer would probably show
a freak reading of 1,600 to 1,800 maximum candle power from a
lamp which would give about 1,200 when the arc is co-axial with
the carbons.

This wandering also takes place in the enclosed arc lamp, but
it is not due particularly to the non-homogeneity of the carbons,
because a high grade of carbon is employed, but it is primarily
caused by the carbons burning flat in a globe practically free
from oxygen and the arc wanders of necessity. The variation in
the light from this cause is not so great as in the open arc, but it
is not altogether pleasant when clear globes are employed.
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By using an opal-enclosing globe, the light is balanced and the
variation is reduced to a satisfactory degree of steadiness and all
shadows are obliterated (Fig.-3).

~ FLIcRERING ARC.

A common complaint against the open arc is the flickering due
in a measure to non-homogeneity of carbons, but mainly to the
wind blowing the arc about. While the latter cause is not in-
herent in the arc, it is common practice in America to leave the
arc exposed to the wind and as this condition exists it seems
reasonable to include it in the comparison.
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High grade carbons are employed in the enclosed arc lamp and
the arc is thoroughly protected from the wind so that flickering
from the above mentioned cause is entirely absent.

ALTERNATING vS. DIREcT CURRENT ARC.

We are all more or less familiar with the low light-giving
efficiency of an alternating open arc lamp. By the introduction
of the enclosed lamp with its long arc and opal globe, the differ-
ence in lighting efficiency between alternating and direct current
has practically disappeared, so that the alternating enclosed arc
has about the same illuminating value as a direct current en--
closed arc of equal watts.
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It will be observed from the curves that the alternating arc
does not give so high a candle power in any direction as the
direct arc, but the distribution is slightly better and the effective
illuminating value of the two lights at a point midway between
lamps is about equal.

SmaLL vs. LARGE UNITs.

In lighting a street we strive to light it uniformly so as to
approach a moonlight effect. The employment of small units
towards this end forms the basis of a most interesting investiga-
tion. .

A photometer cannot be relied upon to give sufficiently ac-
curate results for such comparisons, but I have found a small
instrument called a ‘‘ luminometer ”' very satisfactory. This
instrument, while not a scientific piece of apparatus, is of con-
siderable practical value, and it is used to determine the maxi-
mum distance a lamp will project a given illumination. A stand-
ard illumination of .006 of a candle foot was adopted throughout
the tests. For convenience this was designated * star six illum-
ination,” and this convention is employed in all the diagrams.
Tests taken on different nights and with different observers
checked within 2 or 3 per cent. of the mean, and the results can
be relied upon as being sufficiently accurate for all practical
purposes.

It is quite impossible to lay down a fixed rule for the number
of lamps which should be installed per mile, as the location is
determined largely by the distance between cross streets, the
amount of light required and other local conditions.

Nevertheless, data on the relative lighting distance of various
units can be used to advantage.

The accompanying diagrams show the relative lighting dis-
tances of 285, 350, 425 and 485-watt alternating enclosed arc
lamps. The lighting distance efficiency of these lamps in terms
of the smallest unit is respectively 100, 90.2, 85.7 and 81.7 per
cent.

For * star six illumination "’ midway between lamps, we would
install 10.7—485 watt units or 14.9—285 watt units per mile.

The former would consume a terminal wattage of 5,180 and
the latter 4,235. resulting in a saving of nearly 1,000 watts per
mile with the advantage of four more brilliantly illuminated areas
in the interval. Further, for 5,180 watts per mile we could in-
stall 18.2—285-watt units which would give us relatively eight
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more brilliantly illuminated areas in the interval, for the same
expenditure of energy and with more than star six illumination
midway between lamps, therefore, from a light distribution point
of view, the advantage of the small unit is established.

While I am not prepared to state that a 285-watt lamp is the
lowest practical arc unit, still I believe that this is about as small
as can be satisfactorily operated for street lighting. I can say,
however, that the argument for small units does not apply to
incandescent lamps, because one of the essential requirements for
good lighting is the illumination of buildings and other objects on
the street to a considerable height above the ground. This
requirement is fulfilled by arc lights which flood the buildings
with light and thus produce a general diffusion, giving the strcet
an illuminated appearance impossible to obtain with incandcs-
cent lamps, even when placed very high, and at such short inter-
vals as to make their use prohibitive from a point of economy.
Moreover, the light from incandescent lamps in common with all
comparatively low temperature sources lacks the luminosity or
brilliancy obtainable from the electric arc, and it therefore can-
not encroach upon the arc where a considerable volume of light
is required, although it fulfills in a very satisfactory manner a
street lighting field essentially its own.

From the foregoing we draw the following conclusions:

First:—Open arcs give a higher maximum candle power than enclosed arcs
of corresponding wattage, but the maximum candle power is in
an undesirable direction, and the light fluctuates through wide
limits. Enclosed arcs give a higher candle power through the -
most useful angle, from say 3 to 10° beclow the horizontal. The
light from the enclosed arc is more uniform and steadier and
generally superior from an illuminating point of view to open
arcs. )

Second:—Direct current enclosed arcs produce slightly higher candle
power than alternating cnclosed arcs of corresponding wattage,
but so far as the illuminating valuc is concerned, the two lamps
are on a fair basis of equality, both being superior to the direct
current open arc.

Third:—Small unit arcs will illuminate proportionately greater distances
than large units for a given expenditure of energy.

Fourth:—Incandescent lamps do not illuminate brilliantly to a sufficient
height above the street surface to produce the effect of good
lighting, and are therefore not comparable with arc lights.

In justice to the open arc, I wish to state that if we follow
European practice, as carried out in large cities, of installing
lamps at short intervals, say 80 to 175 feet apart and use more

.
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complicated lamps which work within closer limits when care-
fully attended to, burn high grade carbons, protect the arc from
the wind and use opal globes, the advantage of the enclosed arcs
over open, from a light distribution point of view, will somewhat
disappear.

Aside from the mere question of light however, there are other
arguments for the enclosed arc, particularly with reference to
maintenance. convenience and cost of operating, which wouild
throw the balance in its favor even if the open arc were raise: to
an equal illuminating plane.
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SOME COMMON FAULTS IN EXTERIOR
ILLUMINATION.

BY S. EVERETT DOANE.

General illumination may conveniently be considered from two
points of view:

First—The actual distribution of light to the object illum-
inated.

Second—The value of this illumination to the observer.

We can accurately express the value of the first, but can speak
only in general terms of the second. Much has been said about
the first and but little about the second, yet the second is the
practical end for which all illumination is designed. Whether
or not the source of light is in range of the observer’s vision
largely influences the second value.

The contrast between the source of light and its environment is
allimportant. A farmer’s barn lantern will completely blind one
to the road beyond when the night is black, and the vicinity not
otherwise illuminated, whereas an arc lamp backed by a white
building may be a fairly satisfactory source of light.

I had occasion during many of the evenings last summer to ride
over the country roads near my home, and I had plenty of oppor-
tunity to notice their illumination. It was my observation that
the best lighted towns in my vicinity used kerosene lamps
situated at the side of the roads among the tree trunks.

Many and many a time when riding toward an arc lamp have I
kept my place on a highway by guiding myself by the shining rail
of the street railway track, absolutely unable to tell from the
roadbed of shadows what was before me. Actual observations
of this character make it clear that the amount of light actually
delivered to a roadbed is only a part of what we must consider.

4
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If the source of light must from its character be so placed that
the observer is blinded to the road, it avails little as to the candle-
power of that source. An arc lamp usually must be so placed
that its light may shine in one's face in order that the light may
shine along the road.

Light delivered from a lamp near at hand is much to be pre-
ferred to light delivered from a lamp so far away that the rays of
light reach the ground at a small angle. Such light magnifies
every hummock and equally shadows insignificant hollows and
gulleys deep enough to be dangerous. It would be better to
have half the illumination and be able to see the bottoms of the
hollow spots. One of the recent papers on arc lamps spoke
of their value in illuminating the houses and trees, and presum-
ably the landscape, where there are no houses and trees.

The interest in this observation lies in the thought that the
greater the candle power, and the more infrequent the lamps, the
smaller is the portion of the total light shed upon the ground
which actually reaches the roadway.

The Massachusetts State roads are uniformly 20 ft. wide. The
country roads rarely exceed 30 ft. in width. City roads of Massa-
chusetts are required to be 40 ft.

Arc lamps, located respectively 200 ft.,300 ft. and 400 ft. apart,
are evidently intended to illuminate plane areas about 31,500,
70,000 and 125,200 square ft. in extent.

A 20 ft. road crossing this area will receive about 12.7 per cent.,
8.6 per cent. and 6.4 per cent. respectively of the light delivered
to the ground.

A 40 ft. road will receive twice this percentage, of course, but
as the 20 ft. width is all the average rider ever notices, the illus-
tration will answer. From this it is very apparent why it is
wise that lamps of reduced candle power be placed closely
together.

From this same illumination it will be seen that lamps placed
200 ft. apart, consuming one-half the energy, may be of one-half
the efficiency and still give equally efficient illumination and,
what is more to the point, will deliver their light from a more
advantageous direction.

One of the best illustrations of suburban street lighting by arc
lamps which comes to my mind is on the Boulevard from Boston
to Auburndale. The Boulevard is really two separate roads
with a continuous narrow park between, and the arclamps are in
the middle of this park, so that they may be said to be in a field
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adjoining the roads. Why, with all these draw-backs, are
arc lights used alm