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PREFACE.

SiNcE the issue of The Illuwminating Engineer in this country
in 1908, and the subsequent formation of the Illuminating
Engineering Society, the subject of Illumination has received
much attention.

At that time anyone wishing to be kept informed of progress
in lighting by gas, oil, acetylene, or electricity had to study a
variety of journals dealing with these respective illuminants,
and it was difficult to find any book treating all of them in a
thorough and impartial manner. Papers on photometry appeared
at intervals in the transactions of various seientific and engineer-
ing societies, Information regarding the effect of light on the
eye had to be sought in journals devoted to physiological and
ophthalmological matters. Moreover, while a certain amount
had been written on the manufacture of lamps and lighting
appliances, the practical applications of light had been very
little discussed.

About eight years ago it was suggested to one of the authors
that he should write a book on Illumination. But it seemed
better to defer doing so until the subject had been more com-
pletely discussed and had become better understood. Now the
Illuminating Engineering Societies in this country and in the
United States have provided platforms for such impartial dis-
cussion, and during the last few years a growing number of
articles on lighting have appeared in the technical press,
Although there is still much to be learned, enough has already
been done to show that the subject is capable of impartial
treatment.

It therefore seemed to us that a book dealing generally with
vii



viil MODERN ILLUMINATING ENGINEERING.

Ilumination would be welcome at the present moment. We
have treated the subject on broad general lines. The initial
portion of the book is devoted mainly to the various illuminants,
the central portion to photometry and the effect of light on the
' eye, and the last part to practical lighting problems. Our
. aim has been to bring together matter not usually available in a
single volume, and the subject has been treated in a manner
somewhat different from that adopted in previous text-books
on Illumination.

Naturally, the decision to discuss the subject on these broad
lines forbade our entering deeply into details. The wvarious
branches of Illumination are advaneing so rapidly that it is only
possible to indicate roughly present knowledge and experience,
and it is evident that in years to come some revision will be
needed. Text-books dealing with special sections of illuminating
engineering are already beginning to make their appearance,
and will serve to supplement our treatment in a more detailed
manner.

A feature to which we should like to draw attention is the
large number of references, which will enable readers to refer to
the original papers for fuller information. We have allotted
chapters to well-defined divisions of the subject, and have
included a summary of contents at the head of each. This
arrangement, together with the index at the end of the volume,
should enable readers to look up information on specific points
without much difficulty. We have also added a list of the more
important books on lighting that have been published during
the last five years, together with a few of earlier date which
seemed particularly interesting.

We are fortunate in having secured an exceptional variety of
illustrations, many of which have appeared in The Illuminating
Engineer, and are reproduced by the courtesy of the Illuminat-
ing Engineering Publishing Co., Ltd. We may mention that a
large proportion of the photographs were taken by artificial
light; for this work we are indebted mainly to our friend
Mr V. H. Mackinney.
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CHAPTER I.

A SKETCH OF THE HISTORY AND DEVELOPMENT
OF METHODS OF ILLUMINATION.

Early Conceptions of Illamination—Mental Association of Light and Darkness—Use
of Light in Religious Ceremonial—Wood Fires and Pine Torches—Primitive
forms of Oil Lamps—Rush-lights, Wax-lights, and Candles—History of Street
Lighting : Transition from a private obligation to a Municipal Undertaking—
Early Developments of Gas Lighting—The Coming of the Electrie Light—The In-
candescent Mantle— Progress in the Twentieth Century—New [lluminants : high-
pressure gas, flame ares, metallie-filament lamps, ete.—Room for all Illuminants
—The Illuminating Engineering Movement—The Scientific Use of Light—Co-
operation between Engineers, Architeets, Medical Men, etc.—Practical Applica-
tions—Lighting of Factories and Workshops, Concert Halls, Restaurants,
Schoolz and Publie Buildings, Libraries, ete.—Design of Fixtures, Globes, and
Reflectors—Measurement and Caleulation of INumination—Future Outlock
in Illuminating Engineering.

To attempt a history of artificial lighting would be an under-
taking far beyond the scope of this volume. Several valuable
sources of information on the subject are already available.
M. Allemagne! for example, in a fully illustrated historical
treatise, has already provided a record of the development
of artificial lighting among the more civilised nations of the
past and in the middle ages. Much has also been written on
the incomparably more rapid: progress of the last few years.
Yet it may be surmised that the most interesting history of
illumination is now in the making : and that recent developments,
remarkable as they have been, will form but the prelude to even
more striking progress in the future,

The very earliest conceptions of light seem to have been
connected with the study of the heavenly bodies. In this

! Allemagne, Histoire du Luminaire (Alphonse Picard, Paris, 1891).
: 1
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association of ideas many of our modern impressions have their
root. Dr M. Gaster! in a striking series of articles in The
Tlwminating Engineer, has shown how the oldest religions
sprang from the worship of the sun, moon, and stars. “ Ra”—the
Sun—-was one of the chief gods of Egypt; and the deities of the
Assyrians and Babylonians, and even of the ancient Greeks,
seem to be merely local manifestations of the same idea. It
was a natural consequence of the conditions of those times that
light should become an objeet of worship. We, living in an age
of abundant light, find it hard to realise the consequence of its
searcity among primitive peoples. We eannot readily imagine
the sense of insecurity and terror which seized men with the
setting of the sun, when darkness covered the earth, and all the
powers of evil were let loose. But as we seek to picture this
state of mind we cease to wonder that evil eame to be associated
with darkness, while light was regarded as something holy and
sacred.

This assoeiation of darkness with evil, error, and confusion
permeates our ideas and phrases even to-day. It survives in
such expressions as “The Prince of Darkness,” “Dark deeds,”
“Lighten our darkness, we beseech Thee,” ete. An excellent
illustration of the same symbolism is afforded by Maeterlinck’s
delightful and poetical play, The Blue Bird, which was recently
performed in London. Here Light appears as the constant
and faithful friend of man, and it is in the Palace of Night, into
which Light cannot enter, that all evil things—ghosts, sicknesses,
wars, and terrors—have their dwelling.

Dr Gaster has also pointed out how light, from being an
object of worship, soon came to play an important part in
religious ceremonial. The sacred lamps in the temples of ancient
Rome, the fire kept burning even to-day on the hearth of the
devout Brahmin, the candles which shed their light on the altars
of modern churches are all illustrations of the same form of
worship. It will be observed, too, that the uses to which light
was put in early ages all served to emphasise its rarity and
sacred nature. Apart from its use in religious ceremonial, the
display of light has always been associated with special festivities
- and occasions of great national rejoicing. We learn, for example,
that this was the custom of the ancient Egyptians on feast-days,
that the Emperor Constantine caused the whole city of Con-
stantinople to be illuminated with wax candles on Christmas

! Hlum. Eng., London, vol, ii., 1909, pp. 371, 462, 520, 586, 660, 731, 804.
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Eve, and that on birthdays the houses of the Romans were some-
times decorated with lamps attached by chains to the roof.

As time went on artificial lighting became a more familiar
process, although for long only available in the homes of the
rich and sparingly used there. Naturally, it was only in
comparatively eivilised countries that much progress was made,
Indeed, so significant iz the respect in which light was held
among all nations, that Dr Gaster has suggested that proficiency
in the use of artificial light might well be regarded as a criterion
of the degree of civilisation to which a people has attained.

TaHE EARLIEST InLuMiNANTS—Woob Fires axD PINE ToRcHES.

The earliest source of light, it would appear—the wood fire,—
was kindled both for light and warmth. Naturally, such an
unsteady and flickering source
was not of great help in pro-
longing the hours of labour.
In the open it served as a
protection against wild beasts.
On the hearth it united the
family cirele when the day’s
work was done. Resinous
wood, pine splinters, and the
like were used as torches by Fic. 1.—O0ld form of skull-holder for splinter
the Romans, and even in the (Niomarnisud du: Bols),
time of Homer. Von Benesch, in his valuable and unique work on
[llwmination in the Middle Ages, has deseribed how such pine
splinters were habitually burned for light by the peasants of that
period, and are so used in some remote districts even to-day.!

Sometimes the methods of lighting by this means were
even more primitive, pieces of wood being merely kindled and
thrown into pans or niches in the wall. Drs Niemann and du
Bois ® mention that at an earlier period it was often the custom
for one of the younger servants to hold a splinter in each hand.
Oceasionally the torch was held in the mouth so as to leave the
hands free. This custom is exemplified in the rather gruesome
skull-shaped holder shown in fig. 1.

1 [das Beleuchtungswesen vom Mittelalter bis zur Mitte des xix, Jahrhunderts aus
Oesterreich- Ungarn (A. Schroll & Co., Vienna, 1909).

2 ¢ Zur Geschichte des Beleuchtungswesens,” Jour. f. Gasbel., 14th December
1907 ; 1908, pp. 341, 970.
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The authors had recently the good fortune to come across a
collection of old lamps, that of My J. W. Johnston of Hendon,
which contained quite a number of specimens of these kindled
splinter devices. By the courtesy of Mr Johnston this collection

F1e. 2.—Group of rush-lights, *‘ peermen,” tinder-boxes, and stone lamp.
(14 epecimens from Mr Johoston's collection. )

was deseribed in The Hlwminating Engineer, and the above
illustration is one of those occurring in this article.! In Scotland
these splints, which until recently were in guite common use,
were termed “puirmen” or “peermen.” The name originated
from the fact that poor men, vagrants (or “gaberlunzies,” as

I Hium. Eng., London, August and September, vol. v., 1912, pp. 387, 425.
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they were called in Scotland), used to turn an honest penny by
collecting the splinters and selling them in bundles. Some of
the clips shown in the illustration were intended for splinters,
others from Wales and Ireland were devised for rush-lights.

ANCIENT LaMmps UsING OI1Ls AND Farts.

The next step was the separation of the resinous and pitchy
materials, which were burned in open braziers, and ere long this
was followed by the use of vegetable and animal oils and fats.

Biéhm ! recalls that in Memphis, Thebes, and Nineveh festivals

Fic. 3.—Group of Egyptian pottery and bronze lamps.
{86 specimens from Mr Johinston's collection.)

were celebrated by the use of large stone vases filled with liquid
fat to the weight of 100 pounds or more.

Primitive lamps of stone, clay, or terra-cotta date back to quite
prehistoric times, and in Mr Johnston's eollection, referred to
above, there are several hundreds of such lamps, some of them
dating from many years B.c. In fig. 3 a few of them are seen.

In many instances we see traces of distinetly artistic design,
although as illuminants such lamps must have given but a feeble
and flickering light. The design of the later Etruscan, Roman,
and Greek lamps of this kind was more elaborate, the material
being frequently brass or bronze and the workmanship exquisite.
In a most remarkable book published in Paris in 17192 (also in

1 “ History of Illumination up to the Incandescent Mantle,” Illum. fng.,
London, veol i., 1907, p. 106.

t LAntiquitd expliquée ef représentde en figures, by Dom Bernard de
Montfauncon, Paris, 1719,
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the possession of Mr Johnston), illustrations of a considerable
number of them are given. In some cases very grotesque
and fantastic shapes are adopted. For example, the handle is
made in the shape of a swan’s neck, or the lamps in the form of
elephants, snails, and eurious birds and beasts, often earved with
a considerable amount of skill and ingenuity.

Looking back over the early Egyptian lamps shown in fig. 3,
the chief thing that strikes one is the enormous period of time
over which the primitive and crude design of these early oil
lamps remained substantially the same. Contrast the con-
servatism of these hundreds and thousands of years with the
marvellous progress in lighting during the last decade !

The evolution of many of these
early lamps is most interesting to
the lighting engineer. For ex-
ample, fig. 4 shows the develop-
ment of hanging lamps from
eating- and drinking-vessels. It
can also be shown that some
modern fixtures are derived from
a tree, the lamps hanging on
chains and metal limbs just as the
fruit hangs on the branches. For
1 _ these two interesting sketches we
Fio, bsshioving derdopment of are aguin indebied to the re-

drinking-vessels. = searches of Niemann and du Bois

(loe. eit.).

The use of wicks resting in vessels containing fats and oil led
naturally to the idea of a rush soaked in grease, which was
really a primitive form of candle. It appears that such lights
were known to the Romans, who used reeds dipped in oil. We
see here something akin to the humble rush-light, which formed
the sole illuminant of the poor in some districts within living
memory.

Wax-vicHTS AND CANDLES.

The next improvement of note was the manufacture of candles
—a natural development from the old rush-light. Bohm (loc. ¢it.)
relates that the Romans had already learned to distinguish
between the uses of wax and tallow:; while the Pheenicians
bleached wax and constructed serviceable candles, which were
introduced into Constantinople about the fourth century. Yet
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in its essential elements the candle seems to have remained
practically the same until last century.

Right through the middle ages, and indeed until the discovery
of petroleum in large quantities, candles remained almost the
only method of lighting within the range of people of average
means. The poor man was perforce content with a few lights
of inferior quality. On the altars in the churches and in the
salons of the rich the finest wax candles might be seen, but
chandeliers carryving an immense number had to be used in order
to secure a reasonably bright illumination. Offerings to the
Church in the middle ages very frequently took the form of
elaborate and richly ornamented chandeliers.

Many amusing records are to be found of the esteem in which
only a single candle was formerly held. It was a mark of
nobility to be preceded by a candle in going to bed, and M.
Allemagne relates how when, in 1694, the Dauphin took the
Marquis de Passe prisoner, he considered he was granting quite
an exceptional privilege in allowing him a candle when retiring
for the night! The same author reproduces an old print showing
Michael Angelo painting feverishly at a masterpiece with a
candle fixed in the brim of his hat.

It must be remembered too that the fine wax candle was
only within the means of the rich. For example, the Evening
News recalls the typical bill of the early Vietorian inn, which,
“for a gentleman who called himself a gentleman,” began with
the item, “ wax-lights, 5/.” The poor man was, perforce, content
with the tallow dip.

A writer in The Hluwminating Engineer has traced the early
struggles of the Guilds of Wax and Tallow Chandlers in England
during the fourteenth and fifteenth centuries! Niemann and
du Bois mention that Guilds of Candlemakers were formed in
Hamburg in 1375, and in Paris even as early as 1061. In
London the monopoly of candlemaking originally rested with
- the Guild of Wax Chandlers. It is interesting to observe that
the guild induced the Mayor, Aldermen, and Sheriffs of London
to establish a striet specification for candles in which their
constituents and details of manufacture were minutely deseribed ;
anyone manufacturing and selling candles which were out of
accordance therewith was liable to heavy penalties.

A little later, however, we find this guild struggling
desperately against the introduction of tallow candles, the

! Tliwm. Eng., London, vol, ii., 1908, p. 734 ; vol. iii., 1910, p. 13,
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relative costliness of tallow and wax being at that time in the
ratio of 1:15. The tallow chandlers in their turn eventually
gained the upper hand and likewise aimed at the standardisa-
tion of their products, only to drift into the same obstructive
attitude towards the next illuminant, oil, which had now begun
to make its appearance. This little piece of history is instructive
both as an illustration of the opposition invariably offered to
innovations by old-established concerns and also as a precedent
in the direction of a standard specification of illuminants.

Fi1G. 5.—Interior of the House of Commons in 1834,
(Thornbury, OId gnd New London, vol. il p. 511.)

It is not unnatural, seeing that candles retained their
supremacy as the sole effective means of illamination for so long,
that in many quarters they should be still regarded as the only
appropriate method of lighting, sanctioned by custom and
tradition, and not to be displaced by modern methods however
convenient.

Perhaps one of the best examples of the reluctant consent to
the adoption of gas in place of candles is the House of Commons,
Fig. 5 is a reproduction of an old print showing this method of
illumination in 1834,

When a few years later Dr D, B. Reid suggested the introdue-
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tion of gas, the categorical answer he received from Sir Benjamin
Stephenson and the Earl of Bessborough was, “ Do what you like
for the acoustiecs and wventilation, but take it as a fixed and
settled point that wax candles remain.”?

Yet the progress of the age renders such changes merely a
question of time. Commenting on the recent conversion of
Caen Wood House, the residence of the Earls of Mansfield,
which, until a few years ago, was lighted exclusively by candles,
the Evening News remarks:

“To a twentieth-century babe the miracle of the electric
button is the normal and unremarkable method of producing
light, while the candle is a mild-tempered firework—a festal-
light device for lighting birthday cakes.”

01, LaMps AND LANTERNS.

The step from candles and vessels containing melted fat to the
oil lamp proper was a very gradual one. Such lamps, like
candles, were applied to church lighting and ceremonial at a
very early date. As a means of illuminating surroundings these
lamps were feeble indeed, but as works of art they were often
magnificent. Many of the early Carthaginian and Roman lamps
excelled in this way, and the Venetian lamps of later days
showed exquisite workmanship. The loving care devoted to the
embellishment of these old lamps presents a remarkable contrast
with much of the business-like and purely utilitarian design of
modern fixtures and illuminants.

In these lamps animal and vegetable oils were mainly used,
and it was not until the middle of the nineteenth century, after
the discovery of petroleum in large quantities in America, that
the oil lamp proper was developed. Yet important steps had
been taken from time to time in the development of the oil lamp,
notably the substitution by Argand of the round wick for the
flat one previously employed. This enabled the air to have
more perfect access to the flame and led to a substantial increase
in the light. The introduction of the glass chimney, also aseribed
to Argand, was another great step, and it is probable that the
work of this seientist, and that of Careel and others towards the
end of the eighteenth century, did much to pave the way for
the success of the later forms of oil lamps.

In 1836 the Moderator form of oil lamp, combining many of

v [lltum, Eng., London, vol. ii., 1809, p. 665.
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these improvements, was introduced and widely used. Other
improvements in detail followed, until eventually the discovery
of petroleum led to the popularisation of this means of lighting
on a large scale.

Tae History oF STREET LIGHTING.

By the feeble light of candles and oil lamps street illumination,
in its proper sense, could hardly be attempted. All that was
possible was to indicate the course of the street by “beacon-
lighting” methods, i.e. by small lamps at frequent intervals,
which served to shed a feeble glimmer over the roadway, but
barely sufficed to show where the pavement ended and where the
road began. In old prints of London life the “link-boy ” with
his torch was a prominent feature, and in the dense fogs which
a few years ago commonly afflicted the metropolis his services
were still in occasional demand.

Regular lighting in London appears to have been attempted
at a very early period. It is most interesting to trace, as a
correspondent in The [lluminating Engineer (London) has
done,! the development of publie lighting in this city, and to
observe how the duty, originally imposed on private householders,
gradually passed into the hands of municipal authorities.

We, in this age of abundant illumination, can hardly ecredit
the insecurity of the streets in those early days, when “it was a
common practice in this city that a hundred or more in a
company, young and old, would make nightly invasions upon
houses of the wealthy to the intent to rob them, and that when
night was come no man durst adventure to walk in the streets.”

The first attempts at regular street lighting in London appears
to date from 1415, when Sir Henry Burton, then Lord Mayor
of London, ordered all householders to hang out lanterns in
the winter evenings between All-Hallows and Candlemas. This
practice they were obliged to follow, on pains and penalties, for
upwards of three hundred years. The watchman with his long
coat and halberd passed along the street erying:

““ A light here, maids, hang out your lights,
And see your horns be clear and bright

That so your candle clear may shine,
Continuing from six to nine,

That honest men may walk along—
May see to pass safe without wrong.”

! Hlum, Eng., London, vol. ii., 1909, pp. 87, 272.
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In 1694 an ingenious man named Edward Heming obtained
letters patent giving him the exclusive right, at a moderate
remuneration, of placing a light opposite every tenth door. His
contemporaries, however, attacked him furiously, and the license
was withdrawn in 1716. In that year it was directed that every
householder whose house fronted a street and was rented at £10
should be obliged, under a penalty of one shilling, to hang out a
light during every dark night from September 29th to March
25th, and to keep these lights burning from between the hours
of six and eleven.

After 1736 it was decided to take the contracting for this
lighting out of private hands, and the organised service passed
into the hands of the Common Couneil of Ward, the Aldermen
Deputy and Common Councilmen of each ward being empowered
to econtract for the illumination of that locality and to levy a
rate for the purpose. The business of lighting came at last to
be placed in the hands of the Commissioners of Sewers. It is
interesting to observe how in England (as in France) lighting,
the functions of cleaning the roads, and sanitary matters came
to be associated at this early period.

In an old work by Professor J. Beckmann of Géttingen
University, entitled A History of Inventions, Discoveries, and
Origins, some interesting details of the lighting of London are
given. The account coneludes with the words:

“ At present (1786) the lamps of London are all of erystal glass;
each is furnished with three wicks, and they are affixed to posts. They
are lighted every day in the year at sunset. Oxford Street alone is
said to contain more lamps than all Paris. . ., . The roads even seven
or eight miles round London are lighted by such lamps, and, as these
roads are very numerous, the lamps, seen from a little distance, have a
most beautiful and noble effect.”

The history of street lighting in Paris during this period
was not unlike that in London. The subject has been very
Afully treated in Allemagne’s excellent work (loe. cit.), and
likewise in M. Defrance’s Histoire de U'Eclairage des Rues
de Paris.

As early as 1367 Charles V. issued regulations regarding
the placing of lamps at stated intervals in the streets, and
in 1407 the Prefect of Police, whose duty it appears to have
been at a very early time to attend to public lighting, ordered
the hanging out of lanterns by householders as a means of
mitigating the disorderly character of the streets.
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It was, however, not until 1666, in the reign of Louis XIV.,
that a marked advance in public lighting was made, largely
at the instance of La Reynie, the Lieutenant of Police, whose
motto, “ Netteté, clarté, streté,” was an epigrammatic summary
of the objects of street lighting of that day. King Louis, in
commemoration of the resolve to improve the lighting, taken by
the Conseil de Police in 1666, caused a special medal to be
struck, and in 1669 yet another. La Reynie caused as many
as 2726 lanterns to be hung in the streets, and the period of
burning each night was lengthened. It was customary to
reduce the time of lighting in summer, and the merchants of
that time presented an appeal asking that all-night lighting
should be established all the year round. (Curiously enough,
a very similar request has recently received support from the
Prefect of Police in Paris, who urges the benefit of such a pro-
vision as a means of checking the erime and depredations of
the apaches of to-day.)

The improved conditions of lighting, however, seem to have
given rise to great popular enthusiasm, and were considered
a remarkable advance in Europe at that time. The progress
continued, and in 1729 as many as 5772 lanterns were in use.
Some of the old prints representing them slung on ropes
across the street are very suggestive of the most modern
methods of suspending are lamps in use to-day. These lanterns
were attended to regularly under the supervision of the
police. The occasional renewal of mantles or are-lamp carbons
in the lamps of to-day is sometimes considered troublesome ;
but this appears a trifle when it is noted that the wicks of
these old lamps required cutting lour by hour to keep the
flame burning.

In 1745 oil lamps with reflectors above the flames came to
be introduced, and in 1766 M. de Sartine, the Lieutenant of
Police, offered a prize of 6000 livres for the best form of
lamp for street lighting. Lavoisier, the great chemist and
physicist, Bourgeois, and others oceupied themselves with
this matter. The former published a most elaborate physical
investigation into the properties of such reflectors and the
best method of shaping them so as to distribute the light
efficiently—quite in the manner of the best illuminating
apparatus of the present time,

In fig. 6 we reproduce an old French print illustrating
the interest excited among the citizens of Paris by oil lamps
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suspended over the roadway (just as many gas and electric
lamps are to-day). |

We now reach the next stage in publie lighting, the intro-
duction of gas. The course of events during the preceding
years seems to have been very similar in the chief European
countries. Niemann and du Bois (loe. ¢if.) mention that in
Germany similar obligations as regards hanging out lamps
were imposed on householders, and in that country, just as
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F1e. 6.—The lanterns of the REue Quincampoix in 1720,

in Paris and London, street lighting gradually became a
public matter instead of a private obligation. We may note,
however, as of special interest, the appointment in Berlin of
a certain Matthias Hasse in 1682, with the title of “ Inspektor
der Stadtleuchten.”

The author of the History of Inventions and Discoveries
states that in 1786 systematic street lighting had been adopted
in Vienna, Amsterdam, Philadelphia, Madrid, and other cities
—Rome, however, being still an exception,
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Tae ComiNg oF Gas LiGHTING.

There seem to have been quite a number of independent
attempts to produce illuminating gas at the end of the
eighteenth century. Clayton, Lord Dundonald, and William
Murdoch in Great Britain, Becher in Munich, and Le Bon in
France, all oceupied themselves with the matter.

The eredit for bringing the invention to a practical stage
is largely due to Winzler (or, as he is known in this country,
Winsor), a Moravian, who investigated Le Bon's work and
eventually came to England and founded the Chartered
Company. Previous to this, Wiiliam Murdoch, who has been
aptly described as “the father of gas lighting,” started making
gas at his factory in Soho, the whole facade of which was
brilliantly illuminated in honour of the Peace of Amiens in
1802, The Lyceum in the Strand was illuminated in 1803, and
the whole of Pall Mall in 1809. Subsequently the Chartered
Company secured rights for the whole of England, and gas-
works were erected at Birmingham, Hull, and other towns.

Progress, however, was exceedingly slow at the commence-
ment. Not only were the promoters faced by exceptional
pioneering technical difficulties, but they were hampered by
an almost incredible amount of misunderstanding, and by the
opposition of formidable industries.!

The introduction of gas was keenly contested by the dealers
in oil and tallow—just as the introduction of tallow candles
had been opposed by the wax chandlers centuries before—
who drew dismal pictures of the impending ruin to their
industry. Yet the makers of oil lamps and candles might
have spared themselves alarm. Mr Dumoncel, in his work
on electrie lighting, remarks:

“The producers of lamp oil were at this time struck with dismay, for
in this discovery they saw the ruin of their industry. But they soon
found that, contrary to their expectation, the consumption of lamp oil
increased with the development of gas illumination. It could net,
indeed, be otherwise, for gas illumination, by accustoming people to a
brighter light, was bound to lead to an inerease in the number of lamps
for private illumination.”

This experience, it may be added, has been repeatedly con-
firmed in more recent times. The development of each new
method of lighting has not hindered but helped the growth

! See a lecture on * The History of Gas Lighting,” by W. J. A. Liberty,
Illum. Eng., London, April 1913,
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of others by raising the standard of illumination; so that
to-day not only gas, oil, and candles, but electricity, acetylene,
petrol-air, and many other systems of lighting have all a
useful sphere of action, and are still finding new applications.

For a long time the progress of the industry was hampered
by the struggles between competing gas companies, several of
whom often operated over the same area. Gradually, however,
with the assistance of Parliament, this destructive warfare was
terminated and conditions came to approach more nearly those
of to-day, when two vast companies, the Gaslight and Coke and
the South Metropolitan, in their respective areas control the
lighting of the greater part of London. Through the efforts
of these early pioneers the public was gradually educated to
appreciate the benefits of illumination supplied from a distance,
and there can be no doubt but that these initial difficulties did
much to smooth the way for electric lighting when it eventually
arrived.

While the very earliest practical gas lighting appears to have
been initiated in England, progress on the Continent was also
rapid. Bohm states that Unter den Linden in Berlin was first
illuminated by gas in 1827, Dresden in 1828, and Leipsic in
1837 ; by 1850 the majority of the larger German towns had
installed gas.

In the same way experiments were begun in Paris about 1817,
and during 1820 to 1840 there were as many as six different
companies at work. In 1855 these were fused into a single
concern, the Compagnie Parisienne d’ Eelairage. By about 1850,
as in Germany, most of the provincial towns in France had

adopted gas lighting.

THE CoMming oF THE ELEcTRIC ARc LicHT.

The invention of the electric arc is generally dated from the
famous experiments of Sir Humphrey Davy early in the last
century. Naturally, this was merely a feeble forerunner of the
arc lamp as we understand it to-day, the current being derived
from a series of primary batteries and the arc provided between
two sticks of earbon. Few things indeed are more remarkable
than the devising of such a powerful source as the arc lamp
while methods of generating electricity were so very primitive.
Lamps provided with mechanism were stated to have been
devised by Thos. Wright of London in 1845. Foucault somewhat
earlier had devised a simple hand feed-lamp, and even used it for
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microscope projections. When, shortly after this, lamps were
exhibited at the Place de la Concorde in Paris the current was
still derived from a voltaie pile. The publie, however, were
amazed at so powerful a light, and the fanciful idea of a eity
illuminated by a single lamp of immense candle-power suspended
in the air—a miniature sun, in fact—was put forward as a possi-
bility in the near future.

The use of are lighting for regular public service can scareely
be said to have existed earlier than the 'seventies ; and the real
arrival of eleetric lighting, from an industrial standpoint, is often
dated from the Paris Exhibition of 1881. The long period before
this date was largely occupied in devising appropriate methods
of generating electricity in commercial quantities,

Yet there are records of the occasional use of electrie lighting
much earlier than this. Thus Defrance (loc. cif.) recalls that
magneto-electrically generated current was first applied to
lighting in France in 1859, and in 1867 there were thirty-two
lamps in use in the Tuileries gardens in Paris. It is also stated
that the first trial of electricity for lighthouse illumination took
place at Dungeness, at Faraday’s suggestion, in 1857 ; and that
the skating scene in Meyerbeer's opera The Prophel was
illuminated by eleetric light at the Paris Opera House as far
back as 1846.

Electric glow-lamps were introduced about 1879, the eredit for
this discovery being given to Swan in England and Edison in
the United States. It appears, however, that although these
were the first practical examples of lamps of this kind, and the
progress in electric incandescent lighting may be said to date
from their exhibition, there are on record some remarkably
early attempts in this direction. Drysdale,! for example, states
that filament lamps of a kind were made by de Moleyns in 1841
and King in 1845 ; and Mantica, in his work on electric lighting,
also reproduces an old print in which de Changy, a resident at
Brussels, is seen showing the application of an incandescent lamp
in collieries, about the year 1850.

In England a great impetus was given to electric lighting by
the famous exhibition held at the Crystal Palace in 1882, In
1880 practical experiments in street lighting by are lamps were
being made on the Thames Embankment. By 1882 we find
that electric incandescent lamps had already found their way
into several notable spots in London, such as the Savoy Theatre,

U Hllum. Eng., London, vol. i., 1908, p. 295,
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the British Museum Library Reading-room, the Editing Office
of the Times, and the Mansion House. Gatti's restaurant in
the Strand was among the first in London to adopt the system.
The plant used for this restaurant was subsequently extended
to meet the demands of outsiders, and the company formed to
carry on this business became the basis of the Charing Cross
Electricity Supply Co. In 1881 experiments in the application
of electric lamps in collieries had already begun, and in 1884 we
find an account of its experimental use in trains,

The advent of electric ares and incandescent lamps naturally
created a great impression. Ewven the non-technical could hardly
fail to perceive that a new era in lighting had begun. Are
lighting soon eame to be very habitually used for str eet- lighting,
being incomparably the most powerful method of illumination
thetl available. Onece again the older established illuminant, gas,
seemed to be threatened by extinction. But this caused those
interested in gas lighting to make more vigorous efforts, and led
to a revolution quite as remarkable in its way as the coming
of the electric light.

THE INCANDESCENT (GAS MANTLE.

This rejuvenation of gas lichting oecurred through the incan-
descent mantle exhibited by Auer von Welsbach in 1883,

Although the novelty attracted much attention, it was at first
found that mantles did not compare very favourably with the
customary flat-flame burners. The early mantles disintegrated
rapidly and lost their illuminating value, and it was only the
perseverance and brilliant research of Welsbach during the next
few years that made the mantle an industrial sueccess.

The necessity for a period of repose while the new method of
lighting was being developed and the industry was preparing to
accommodate itself to the novel conditions, is shown by the fact
that more than ten years elapsed before incandescent gas lighting
made any appreciable headway for street lighting. We find
that trials in this direction were being carried out in Paris in
1894, and in Hamburg, Wiesbaden, Budapest, and other Conti-
nental towns about the same time. DBy this time Ipswich and
Winchester were making experiments in England ; while Liver-
pool, Swansea, Dublin, and other large cities had used it by 1896.
In 1900 we find that other cities, including Birmingham, Glasgow,

and many of the southern suburbs in London, had followed suit.
- 2
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T OPENING OF THE TWENTIETH CENTURY.

The new century opened with a burst of activity surpassing
that of twenty years earlier. Not only has actual progress been
most remarkable, but the rate of progress in artificial illumina-
tion has been marvellously accelerated.

In gas lighting a remarkable advance has been made in the
introduction of the inverted mantle. Before the display at the
Earl’s Court Exhibition in 1904, inverted mantles were scarcely
known to the general public; indeed there were at that time
many experts in gas lighting who seriously doubted the practical
success of this invention. Yet to-day there seems a probability
that inverted mantles may entirely replace the upright type, and
indeed in certain fields they may almost be said to have already
done so. Such mantles, besides having marked advantages
as regards distribution of light and durability, enable lamps
of a remarkable range of candle-power to be obtained; the
smallest types are stated to consume less than one cubic foot of
gas per hour and to yield up to 20 e.p.; the powerful street-
lighting units, on the other hand, are credited with as much as
4000. What a contrast with the first gas lamps introduced to
light Pall Mall in 1810, which were stated by the experts of that
time to give a light equivalent to three candles, but which never-
theless were considered immeasurably brighter than the old oil
lamps which they superseded !

The second great advance in gas lighting during this period
has been the extension of high-pressure gas lighting, of which
until about ten years ago only a few isolated experimental
examples were in existence in London.

A number of experiments in this direction were made about
the year 1900. We find that in 1901 Blackfriars Bridge was
lighted on the Sugg high-pressure system, 300-c.p. lamps,
supplied with gas at a pressure of 10 inches, being used. This
represented a marked rise in the standard of gas street-lamps
as compared with the ordinary low-pressure lamps of that time,
which were rated at about 60 candles. Tests earried out in
Westminster in 1902 showed that the average candle-power of
the arc lamps employed was 670 c.p., the flat-flame burners and
low-pressure mantles gave 61 and 58 candles respectively, and
the average of the Sugg high-pressure lamps worked out to 494.
In 1901 a paper was read by Mr A, W. Onslow describing the
installation at Woolwich Arsenal, where a pressure as high as
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54 inches was successfully used ; the author predicted that the
use of gas at this pressure would become general, and that lamps
of 1400 c.p. would soon be considered desirable for street
lighting. At the present time pressures considerably in excess
of that named above are sometimes used. The lamps recently
installed in the City of London and in Westminster give several
thousand c.p., and are stated to have an efficiency of about
60 e.p. per eubie foot of gas.

During the last few years the number of streets brilliantly
lighted by this means in London has enormously multiplied, and
the progress of the method in many Continental cities has also
been very rapid.

In electric lighting there have been equally striking develop-
ments. Whereas during the last twenty years of the nineteenth
century no radical departure from the original glow-lamps of
Swan and Edison principle had been witnessed, we have within
the last decade seen the introduction of metallic-filament lamps
yielding more than three times the licht for the same con-
sumption of energy. We have likewise seen the introduction
of flame arc lamps, in which chemiecally treated carbons have
trebled the efficiency of the older lamps, and enabled a light of
several thousand c.p. to be obtained. The same high order
of efficiency is claimed for the latest forms of mercury-vapour
lamps ; and there are also entirely novel methods of lighting, such
as the Moore tube system, which depends on an electrical dis-
charge through long tubes of rarefied gas and presents a
remarkable departure from customary methods of illumination.
More recently still we have heard of the use of the “rare” gas
neon for vapour tube lighting, and even of high candle-power
incandescent lamps consuming only 0'5 watt per candle !

Meantime lighting by acetylene has completely passed the
experimental stage. Advances in lighting by petroleum, spirit,
and paraffin have also been made (notably in the application of
these methods to lighting by incandescent mantles), while other
new processes, such as the petrol-air gas system (in which a
mixture of petrol vapour and air of constant composition 1is
generated and led through pipes like an ordinary gas supply),
have also made their appearance and are proving their special
applicability in directions not met by the older methods of
lighting.

We see, therefore, that there is now available a wide choice
of illuminants, and the problem of deciding their respective fields
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of action is not a simple one. Whereas the consumer of fifty
years ago was often restricted to a single illuminant, he has
to-day many alternative systems to select from.

Naturally, this development in methods of lighting has led
to a continuous rise in the standard of illumination. Owing
to the lack of adequate methods of measurement in past times
we have few definite records of the actual intensity of illum-
ination employed, but we may surmise that the standard of
artificial illumination, even in the last century, was far below
what is considered reasonable to-day.

One can hardly doubt the immense influence of this progress
in artificial lighting on social life. We have seen how, simul-
taneously with the development of public lighting, the security of
our streets has steadily improved. Advances in illumination, as
well as improved means of locomotion, have done much to facilitate
social intercourse. At one time it was tacitly assumed that when
darkness fell the day’s work was done. Nothing remained but to
retire to sleep until daylight was again available. At the present
time most people rely mainly on the evening in order to meet
their friends, and the hours of darkness can be used for business
and recreation with almost the same facility as the daytime. In
this way alone light has more than justified its reputation as a
civilising agent.

To improved means of lighting must also be aseribed much of
the remarkable rapidity in the march of ideas to-day. The
spread of education during the last century and the remarkable
development of newspapers and printed matter are largely trace-
able to better methods of illumination in the home, for this alone
has encouraged the taste for evening reading.

Naturally, too, the introduction of better illuminants has
brought with it many novel uses for light. In our theatres,
concert halls, and restaurants light has long played a conspicuous
part. Artificially illuminated skating-rinks, swimming-baths,
and covered lawn-tennis courts are already accepted as a common-
place by the new generation. Illumination, from being a menial
service, is becoming an art and a science.

THE ILLUMINATING ENGINEERING MOVEMENT.

All these remarkable developments naturally led engineers to
take a closer interest in illumination. There were a considerable
number of papers on the subject read bhefore scientific and
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technical societies all over the world, and there is now an ever-
increasing number of references to lighting matters in the
technical press.

It was soon recognised that this branch of knowledge had
beecome too complex to be dealt with by any existing expert, and
the suggestion was made by one of the writers, in a paper before
the Royal Society of Arts (London)! and subsequently in an
article in The Electrical Magazine in the same year,® that a new |
specialist—* the Illuminating Engineer "—was needed.

It was pointed cut that at that time it was almost impossible
to find a man who had an adequate knowledge of the various |
illuminants and who was in a position to consider their merits |
impartially. It was easy to find engineers who knew a gnudi
deal about eleetric or gas lighting, but it was a very difficult’
matter to find a man who understood both: and it was still
more difficult, in deciding on a system of lighting, to secure im-
partial and useful advice as to whether gas, electricity, acetylene,
petrol-air gas or any other illuminants should be employed.
Moreover, although there were men who understood about lamps,
there were few indeed who could claim to have fully studied
illwmination. The science of making use of light, the best
method of arranging lamps for different classes of work, the
choice of appropriate shades and reflectors, the effect of light
upon the eyes, the amount of illumination requisite for various
purposes—all these were matters that had not yet been suffi-
ciently appreciated or studied.

Naturally, time would be required to evolve such an expert.
Illumination—the proper application of light in the service of
mankind—is not a purely engineering matter. The new specialist
should understand the effect of light upon the eyes and the
hygienic aspects of illumination ; he should also have studied the
artistic side of the subject, so as to be able to co-operate with
the architect effectively in arranging for the lighting of buildings

‘of architectural distinetion; and he should also understand the
measurement of light and illumination.

Until quite recently no attempt had been made to collect
this information, and to show its bearing on lighting problems.
For’example, if anyone wished to review the progress in illumi-

1 «The Progress in Electric Lighting,” by Leon Gaster, Jour. of the Royal
Soctety of Arts, London, 9th Feb. 1906,

2 «The Need for the [lluminating Engineer,” by Leon Gaster, Electrical
Magazine, April 1906,
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nation as a whole, he had first to read through the transactions
of the various bodies concerned with electric developments of all
kinds, and then to do the same in the case of literature devoted
to gas, acetylene, ete.  As a rule the references to lighting matters
were few and far between. In the same way much work had
been done on the physiological effects of light and its influence
on the eye, but this information was packed away in the
records of ophthalmological and medical researches in various
countries, and, when found, was usually In a technical
form not readily applicable to illuminating engineering. The
literature of photometry and the measurement of illumination
was particularly scattered; almost every kind of scientifie
society, physical and physiological, engineering and optical,
occasionally dealt with the subjeet from their respective
points of view.

It was therefore necessary, before illumination in all its
aspects could be properly studied, to provide a centre of informa-
tion on the subject.

Two methods of accomplishing this end suggested them-
selves — the starting of a journal, and the organisation of a
society in order to provide an impartial and international
platform for the discussion of lighting matters. The issue
of The INluminating Engineer was announced in a paper
before the Association of Engineers in Charge in the autumn
of 1907, and the first number duly made its appearance in
January 1908,

The idea of forming an Illuminating Engineering Society,
originally suggested in 1906, was again brought forward on the
oceasion referred to above.

The actual decision to form the Illuminating Engineering
Society was taken at a dinner held at the Criterion Restaurant
(London) on 9th February 19091 A draft constitution was
drawn up by a committee appointed on that occasion, and sub-
sequently ratified on 25th May; and on 18th November of the
same year the inaugural address was delivered by its first
president, Prof. Silvanus P. Thompson, D.Se,, F.R.S!

Sinee that date four sessions of the Society have taken place
very successfully. Such subjects as “Glare” (i.e. the dazzling
effect of illuminants improperly used), “The Measurement of
Light and Illumination,” “The Lighting of Sehools, Printing-
works, Private Houses, Libraries, Streets,” ete., have been dealt

U Illum. Eng., London, vol. 1i., 1909, pp. 154, 375, 807.
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with at these meetings. The Society has received the co-opera-
tion of delegates from outside bodies, such as the Association of
Medical Officers of Schools, the London Teachers’ Association,
the Association of Teachers in Technical Institutions, the
Library Association, ete., all of whom took part in the discussions
and rendered valuable assistance. Special joint committees,
on which both the Illuminating Engineering Society and these
bodies are represented, have now been formed to carry on
the study of school and library lighting and collect further
information on the subject, and have already issued interim
reports.!

The Illuminating Engineering Society now includes among its
members representatives of gas, electrie, acetylene, oil, and petrol-
air gas lighting ; manufacturers of lamps, shades, and reflectors;
medical men, oculists, architects and surveyors, professors, ete. ;
and its membership during its four years of existence has
increased to close on 500. It is also international in its scope,
and numbers among its corresponding members many of the
greatest Continental and American authorities.

In taking the step of forming an Illuminating Engineering
Society (in London), its founders were encouraged by the know-
ledge that a society with similar aims had been started in the
United States in 1906 and had met with considerable success.
Since that date the number of members of the American Society
has risen to over 1500, and its transactions (to which frequent
reference will be made in this work) have contained a fund of
information of the greatest value. The American [llwminating
Engineer was started almost simultaneously, and this too did
much valuable pioneering work.

In other parts of Europe the study of lighting matters
(which was taken up by some Continental engineers much
in advance of their time) is being vigorously pursued. Many
of the most recent developments in illuminants are of Con-
tinental origin, and their applications constantly form the
subject of articles and papers before technical and scientific
societies. The announcement was made two years ago that a
German Illuminating Engineering Society has been founded
under the auspices of the Technische Physikalische Reichsanstalt
and at the joint request of the German Institutions of Gas and
Electrical Engineers.®

I Tllum. Eng., London, July 1913, pp. 364-366 ; July 1914, pp. 358-368,
2 Zettschr, f. Belewchtungswesen, 10th Nov. 1912,
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PRACTICAL APPLICATIONS OF ILLUMINATING ENGINEERING.

A few examples will show the great opportunmities for the
illuminating engineer.

We have only to consider the millions of pounds spent annually
upon lighting in Great Britain in order to realise the importance
of even a small improvement in efficiency and economy. The
lighting business ramifies in all directions. In other branches of
engineering the actual practice of the art is confined to a few
technical experts. But illumination, as has already been pointed
out, is not a matter for the specialist alone. It interests literally
everyone, whatever his or her vocation may be.

Lighting of Factories, Offices, Workshops—Everyone is a
consumer of light in his own home. But light is also indispens-
able to industry. Each variety of business presents a problem
by itself and demands special treatment. The conditions of
illumination required by a bank, a warehouse, or a foundry, for
example, are entirely different. In spinning-works special lamps
and fixtures must be selected to illuminate the rooms and
machinery, and they must be placed in positions which throw the
light just where it is needed. In printing-works the illumin-
ation of the machinery and of the compositors’ frames require
detailed treatment: and in dyeing, tailoring, chemical works,
etc., there are again special circumstances to be borne in mind,
It is this extra attention to detail that constitutes the distinetion
between modern illumination and the older methods. The
expenditure on lighting of many large concerns is very great,
and the effect of even a small saving throughout may amount
to a considerable sum, DBut there are other matters—such
as the influence of good illumination on the health of employees,
and on the speed and exactitude with which work can be carried
out—that are at least equally important, even though their
effect is not so readily expressible in pounds, shillings, and
pence.

It has already occurred to sanitary authorities to ask why, if
pure air and food, good ventilation, and proper sanitary arrange-
ments are considered essential, the necessity of good lighting
should not also be insisted upon? An employer is rightly
censured if he neglects the general health of his work-people.
He is now expected to fence in and provide suitable guards for
all dangerous machinery. But is it not equally reprehensible
to permit conditions of illumination which strain the eyes,
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accentuate the difficulties of work, and often pave the way for
accidents 7

These matters formed the subjeet for discussion at the
important International Congress on Industrial Hygiene held in
Brussels, under the patronage of the Belgian Government, in
19102 Over 600 delegates of different nations, many of them
representatives of their respective countries, were present, and it
was resolved that methods of lighting in factories should be the
subject of further study, and that in the case of dangerous
machinery special care should be taken to ensure adequate
illumination.

The first International Congress for the Prevention of
Industrial Accidents took place at the end of May 1912 in
Milan. The intimate connection that is believed to exist between
conditions of lighting and the prevalence of accidents caused con-
siderable attention to be given to illumination, special importance
being again attached to the proper illumination of dangerous
machinery.

In a paper read by one of the authors on this oceasion ? it was
suggested that insurance companies might be willing to offer
more favourable terms to companies whose lighting was up to a
certain standard. It was also advocated that inspectors of
factories should take note of the lighting conditions, and, if
possible, supplement these notes by actual measurements of
illumination, when acecidents occurred.

The Home Office in Great Britain has also shown itself
equally alive to the importance of the matter. Recent reports
of H.M. Inspector of Factories have been most explicit in laying
stress on the need for more precise recommendations® The
recent Departmental Committee on Accidents in Factories and
Workshops* likewise pointed out the need for some standard of
good illumination,and suggests that investigations in this direction
should be undertaken. It is added: “ But, even before precise
data on this point are available, it is recommended that inspectors
should be given statutory power to require adequate lighting in

1 [lwm. Eng., London, Sept. 1910, p. 599.

2 «The Value of Good Illumination as a Means of Preventing Industrial
Accidents,” L. Gaster, Illum. Eng., July 1912, p. 337,

? Reports of H.M. Chief Inspector of Factories, see Illum. FEng.,
London, vol. ii, 1909, p. 466; wvol. iii, 1810, p. 493; vol. v, 1912,
pp. 380, 418.

¢ Departmental Committee on Accidents in Factories, fllum. Eng., vol. iv.,
1911, p. 401.
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all places where work is done, and in all places which are a
source of danger by reason of insufficient lighting.”

A valuable summary of existing legislation on the subject was
issued in 1907 by the Conseil d'Hygiene de la Seine in Paris!
A noteworthy step has just been taken by the French Govern-
ment in appointing a most representative committee, on which
distinguished oculists, gas and electrical engineers, inspectors,
and others will serve, to report on the hygienic aspeects of
lighting, including its relation to vision and defects of eyesight,
the best methods of measuring illumination, and the possibility
of framing a standard of the illumination required for different
classes of work.?

Still more recently the Home Secretary in Great Britain
promised, in response to a question by Dr Arthur Lynch in the
House of Commons, to appoint a Departmental Committee on
Ilumination. In 1913 this committee was actually formed, and
is now at work. The function of the committee is “to inquire
and report as to the conditions necessary for the adequate and
suitable lighting (natural and artificial) of factories and work-
shops, having regard to the nature of the work ecarried on, the
protection of the eyesight of the persons employed, and the
various forms of illumination.” The committee are:

Dr R. T. Glazebrook, C.B,, F.R.S., Director of the National Physical
Laboratory (Chairman); Mr Leon Gaster, Prof. Franeis Goteh, 1).Se.,
F.R.5., Mr J. Herbert Parsons, M.B., D.Se., F.R.C.8., Mr W. C. D.
Whetham, F.R.5., and Sir Arthur Whitelegge, K.C.B., Chief Inspector
of Factories. The secretaries of the committee are : Mr D, R. Wilson,
one of his Majesty’s Inspectors of Factories, and Mr C. C. Paterson,
M.ILM.E., AM.I.C.E, of the National Physical Laboratory.

Concert Hualls, Shops, Restawrants, Theatres, ete.—When one
turns to the consideration of concert halls, shops, restaurants,
ete., one appreciates the value of enterprising methods of light-
ing as a means of attracting the public. It cannot be too
strongly insisted upon that the person who designs the lighting
in such cases should first make himself aw fait with the nature
of the business to be carried on, and design the illumination
accordingly. In restaurants the scheme of lighting to be adopted
is absolutely dependent on the class of customers catered for.
In the same way the objects aimed at in the shop window (which
vary much according to the nature of the shop and the locality)

U Illwm. Eng., London, vel, ii, 1909, pp. 229, 319.
2 Ibid., vol. iv., 1911, p. 455,
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must be carefully borne in mind. In the higher branches of
shop lighting there is an undoubted demand for the man who
understands how to combine the arts of window lighting and
window dressing,

Lighting of Schools, Colleges, efe.—A most important opening
for the efforts of the illuminating engineer is afforded in the
natural and artificial lighting of schools and colleges. In the
London County Council schools alone there are stated to be
over 1,000,000 children, each of whom may suffer if work is
carried on with imperfect conditions of lighting. The prevalence
of defective eyesight among children, an affection which appears
to become steadily worse during school life, has lately given
much concern to medical authorities, and it is pointed out that
this may, in a large measure, be the econsequence of defective
illumination.! Naturally,insufficient or ill-directed light increases
the tax on the eyes, and, as Dr Kerr, the Medical Education
Officer to the London County Council, has shown, the effect on
the general health and physical development of the child of a
strain of this kind may also be serious. The question of
lighting is now engaging the attention of school authorities all
over the world. The problems demand the combined skill of the
medieal officer, the architect, and the lighting engineer. In
Germany and in the United States it has been advocated that,
before a new school is built, the plans should be examined by
a committee composed of these experts. In some cases this plan
has already been put in operation, with beneficial results.

Street Lighting.—During the last five years the progress in
street lighting has been remarkable.

Yet constant improvements are still being made, and it is
significant that both the City of London and Boston (U.S,A.)?
have recently sent deputations to the Continent to report upon
the methods employed. A noticeable point at the present time
is the increased interest taken in the distribution and wse of
the light from street illumination as apart from the lamps
themselves.

The requirements of street illumination have entirely changed.
At one time, as we have seen, illumination was intended mainly
to promote security, to enable men to walk the streets in safety.

I See an article summarising evidence on this subject from the schools in
Great Britain, the Continent, and the United States, Iilum, Eng., London, vol. i.,

1908, p. 38,
2 [llum. Eng., London, vol. i., 1908, p. 617 ; vol. ii., 1909, pp. 526, 623, 677.
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But the ever-growing stream of traffie, the introduction of motor
vehicles, and the speeding up of locomotion generally make much
more severe calls on the present methods of lighting. We now
seem to be on the eve of a more scientific conception of the aims
and objects of street lighting, There is a desire on the part of
representatives of gas and electric lighting to have some common
understanding as to what these aims and objects should he, and
how the qualities of different systems of lighting should be
tested. In response to this feeling a joint committee—composed
of members of the Illuminating Engineering Society, the Insti-
tutions of Gas and Electrical Engineers, and the Association of
County and Municipal Engineers—is now deliberating on this
question, and is considering the possibility of framing a joint
specification which would be acceptable alike for gas and
electrically lighted streets!

Publie Buildings, Picture Galleries, Musewms, Churches, ete.
—The consideration of the lighting of public buildings, churches,
museums, ete., opens out a new aspect of illuminating engineer-
ing. In many of these cases the cost of the illumination should
be (within limits) of relatively small consequence. The chief
requirement is to secure conditions which are worthy of the
dignity of the building and suitable for the purpose to which it
is devoted.

It need hardly be pointed out how dependent is the artistic
appearance of an interior on the method of illumination. More-
over, a room containing pictures or miscellaneous objects of
interest must be illuminated before they can be seen. The
appeal is made through the eye. Good methoas of directing
the light on the exhibits do much to display their value; bad
methods make their study an exasperating labour.

Design of Fictures, Globes, Shades, and Reflectors—The
popular imagination has been so captivated by the succession of
inventions in illuminants that the recent progress in accessory
apparatus—such as fixtures, globes, and reflectors, ete.—has been
somewhat overlooked.

Yet from a scientific standpoint these advances have been
equally important. The most powerful lamp in existence is of
little value if the light is not wisely used, and we have need for
scientifically designed globes and reflectors, which tone down

1 A draft specification prepared by the committee was presented in a paper
before the Illuminating Engineering, Society (London) by Mr A. P, Trotter in
1913 (Illum. Eng., May 1813).
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excessive brilliancy when needful and direct the light where it
is required for specific purposes.

Equally important is the design of fixtures, which present an
excellent field for the combined efforts of the decorative crafts-
man and the lighting engineer. All these accessories must be
considered from two distinet aspects. We must secare their
practical utility for the distribution of light and also preserve
their decorative appearance. It is in the combination of these
two qualities that the hand of the skilled designer is shown,

The Measwrement and Calewlation of Light and Tllwminea-
fion.—The measurement of light and illumination might almost
be said to form the basis of seientific illuminating engineering.
Before illumination can be effectually studied one must have
methods of measurement, so that we may keep a record of
existing conditions, ascertain positively when any change has
taken place, and be able to support one’s opinion by an appeal to
actual facts and figures.

At one time photometry was regarded merely as an interest-
ing and difficult subject for philosophic study. It is only
recently that its commercial value has been appreciated, but
we already stand in a very different position from a few years
ago. Much of the old confusion, due to the fact that a number
of different standards of light were in use, has now been swept
away, and our method of measuring the candle-power of lamps
in the laboratory has been greatly improved. Perhaps the
greatest step, however, has been the introduction of simple and
reliable instruments for measuring illumination.

The great value of these measurements to those interested in
the study of street, school, and factory lighting, ete., will be
understood. They are, however, equally serviceable to the
expert lighting engineer in enabling him to check the results of
his caleulations. He ean now work out beforehand exactly how
the illumination should be distributed, and subsequently ascertain
by measurements whether his ealculations are correct.

It need scarcely be added that this advance in the precision of
measurement has been accompanied by a corresponding demand
for revision of the terms, symbols, and nomenclature used in
illuminating engineering, and quite a number of national and
international committees have heen at work on this subject.
A movement was recently set on foot to consolidate these
independent efforts by the appointment of a single International
Commission on Ilhumination, representing the various illumin-
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ants and thoroughly international in its scope, to deal author-
itatively with these matters. At the International Electrical
Congress held in Turin in September 1911 the following
resolution was passed unanimously :

““ That this Congress deems it desirable that an International Com-
mission should be nominated in order to study all systems of lighting
and technical problems connected therewith ; and, having been informed
that the Illuminating Engineering Society of London has the intention of
forming such a Commission, and of putting itself in touch with the

other existing national and international photometric committees, ap-
proves their taking the initiative in this respect,” !

Subsequently, at a meeting of the International Photometrie
Commission, held in Berlin in August 1913, the International
Commission on Illumination was duly formed, the first president
being Prof. Th. Vautier and the hon. seeretary Mr C. C. Paterson,
of the National Physical Laboratory, England.*

Besides dealing with purely photometric matters, nomen-
clature, ete., the commission will have power to occupy itself
with matters of general industrial importance in connection
with illumination, such as the hygienic effects of various systems,
the establishment of certain standards of illumination for
specific purposes, ete.

National committees are also being formed in the various
countries to study the subjeect.

CoONCLUSION.

In this chapter we have traced the development of methods of
producing light from their first beginnings.

We have seen that the last decade has been marked by
exceptionally rapid progress in the manufacture of ligcht. What
will the next ten years bring forth? Possibly we shall see
advances in the invention of illuminants which put into the
shade those which seem to us so remarkable to-day. But two
things, it may confidently be predicted, we shall see—a great
advance in the knowledge how to make the best use of the
light we have been at such pains to obtain, and the steady
development of methods of scientific illumination.

U Illwm. Eng., vol. iv., 1811, p. 617. ? Thid., vol. vi., 1913, p. 491.



CHAPTER 1L
GAS LIGHTING.

Karly Types of Burners—The Welsbach Mantles—Cotton, Ramie, and Artificial Silk
Mantles, ete.—Useful life, Durability, ete.—Inverted Burners and their
Advantages—Thermostatic Control—Horizontal and Ineclined Burners—=Self-
contained High-efficiency Lamps (Scott-Snell, Lueas, ete. )—Low-pressure High-
efficiency Lamps—High-pressure Gas Lighting—Keith, Gratzin, and other Lamps
—High-pressure Lighting in the Streets of London, *‘ Parade Lighting,” ete. —
High-pressure Gas and High-pressure Air—Central Suspension, Raising, and

owering Gear—Distance Extinguishing and Ignition (Electric, Pneumatic,
Pressure-wave, ete.)—Self.-lighting Devices and Pyrophoric Alloys—Cost of
Gas Lighting—Maintenanece, its Benefit to the Consumer—Future Possibilities.

Ix Chapter I. something was said on the history of gas lighting.
In the present chapter it is proposed to deal mainly with gas
illuminants, especially the progress of the last few years, and
to show how these great improvements in luminous efficiency
have been secured,

The subject is a very wide one. The problems connected with
the manufacture and distribution of gas must be left to the
able text-books that treat on these subjects: nor can we enlarge
very fully on the scientific phenomena underlying the nature of
flames and combustion—a fascinating field of investigation
which has received much study from eminent chemists. It is
also proposed to discuss lanterns and shades and methods of
directing light more fully in a later chapter. Our present

concern is mainly with the actual lamps by which the light is
produced.

EArLy TyrEs or BURNERS.

The earliest methods of obtaining light from town gas con-
sisted in merely burning a jet issuing from a convenient aperture.
The original burners seem to have simply utilised holes through
which the gas was allowed to escape and ignited. Soon it was
found desirable to make the tips of the burners of some material
which was not readily destroyed by heat, steatite being used in

: 31
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the great majority of burners of this kind in use to-day. The
question of the best form and size of the aperture was also,
naturally, a matter for concern, the so-called “batswing,”
“union jet,” and other types utilising slits or several holes in
the steatite cap. Some typical shapes of this kind are shown
in fig. 7

The original burners were naturally very inefficient, judging
by present standards.

A considerable proportion of gas was allowed to escape
unburned, or at least incompletely burned, into the atmosphere,
so that the maximum possible brightness of the flame was not
_ attained. In addition, the flames

. were inclined to smoke owing to
| incomplete combustion, and the un-
1 used gases escaped and polluted
the atmosphere. With a more
complete knowledge of the nature
of combustion these early defects
were largely remedied. Burners
were designed to secure a maximum
flame temperature, and the theory of the luminosity of flames has
been exhaustively studied! Very soon, however, a limit was
reached in the possible efliciency ; it was found dithicult to secure
more than 2 to 3 c.p. per cubic foot of gas of ordinary
quality. It must be remembered, however, that the quality of
the illuminating power of gas may vary in different localities,
For example, the Act of 1860 preseribed that town gas, burned
under specified conditions with a certain type of burner, should
give 15 c.p., but the local cannel coal in Seotland gave as much
as 20.

Ordinary flat-flame burners required about {%;ths of an inch
of water pressure. When this value was greatly exceeded they
tended to roar and smoke; consequently, it became usual to
include in the burner a governing device, such as a small cone,
which rose and checked the admission of gas should the pressure
rise above the desirable point. With the introduction of
incandescent mantles it was found necessary to raise the general
standard of pressure somewhat, and this also led to the introduc-
tion of “ economisers,” small caps which were fitted on to existing

Fia. 7.—Varions forms of flat-flame
burners.

1 See, for example, an exhaustive paper by W. H. Fulweiler, ** The Theory

of Flame and Incandescent Mantle Luminosity,” Trans. Amer. Hlum. Eng.
Soe., Feb, 1909,
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flat-flame burners and adapted them to the changed conditions,
enabling better conditions of combustion to be secured with a
more luminous flame.

With the introduction of electricity, gas began to feel the need
of lamps of higher candle-power and greater efficiency. The
intensity of lamps could of course be increased to a certain
extent by using burners consuming more gas, or by introducing
into a single lantern a larger number of burners. But what
was 1'[.*.'1”}-‘ l‘uciuire{] was some means ol securing 1nore lighh

—

() 2uge's Argand burner, by Argand burner, equipped with * Christianin ™
No. 1. opal shade.

Fia, 8.—Argand burner,

for a given consumption of gas. The ordinary flat-flame type
seemed to be capable of little substantial improvement in this
respect. The Argand round burner yielded a slightly higher
efficiency, but the long flame was unsteady and readily affected
by draughts. One possibility, inereasing the illuminating power
of the gas burned by enrichinent, was not commereially feasible.
A very similar method, however, was employed in the “albo-
carbon ” burner, in which the gas was eaused to circulate over
naphthalene, a by-product from gas manufacture. This eventu-
ally volatilised the naphthalene and e nriched Hn- Hame, giving as
much as 5 to 6 c.p. per cubie foot per hour. A projecting H.m;_fu

3
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of metal placed over the flame served to collect the heat and
shorten the time necessary for the naphthalene to volatilise,
which, however, was still considerable,

A more successful attempt to increase the efficiency of gas
lamps was exemplified in the regenerative lamps of Siemens,
Wenham, Sugg, and others. In these “suns” the gas to be

=5t

— consumed was eaused to
- pass along tubes which
: were heated by the flame,
and this preheating led
’ to a considerably in-
creased flame tempera-
ture and efficiency. As
much as 50 to 200 c.p.
could be obtained by
this means, and the light
was also favourably dis-
tributed, being mainly
directed downwards.
The efficiency was stated
to be about 8 to 9 e.p. per
cubie foot per hour. The
first cost was relatively
I heavy, however, and the
u intense heat caused the
: burners to wear out
somewhat  rapidly.
Nevertheless, these defects might probably have been largely
mitigated, and the lamps would have had a more important
application but for the arrival of the more efficient incan-
descent mantle,

Fra. 9. —Albo-carbon burner.

Tae CoMiNG OF THE INCANDESCENT-MANTLE.

The coming of the incandescent mantle entirely changed the
aspect of gas lighting., Hitherto thejimportant factor had been
the illuminating value of the gas, and existing legislation had
been framed with the intention of maintaining this quality.
But the incandescent mantle depended on an entirely different
principle, namely, the use of the gas as a heating agent to bring
a web of suitable material to incandescence.

This principle itself was not new. The invention of the
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limelight in 1826 by Thomas Drummond is generally regarded
as one of its first applications. Tessie du Motay' in 1867,
attempted to replace the lime by zirconia, and so secure a higher
efficiency ; and Alexander Cruickshanks, following Davy, devised
mantles composed of platinum wire covered in with lime and
heated by non-visible luminous gases as early as 1839. The
other essential element, the burner, dates from Professor Bunsen’s
invention in 1852,

Welsbach’s great discovery was announced about 1883, His
first mantles consisted of a cotton woven eylinder soaked in
solutions of the rare earths, lanthanum being one of the first
employed. The vivid incandescence of lime in the intense heat
of the oxyhydrogen flame was familiar to people, but it was a
revelation to discover that there were substances which would
| ineandesee so persistently o
and brilliantly in the com- AN
paratively low tempera- / T~
ture of the bunsen flame. r ~
It appears that these carly
mantles, while yielding a
bright light, disappointed
Welsbach by erumbling to
powder in the course of a
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e Fig. 10.—Relation between candle-power and
ew days. percentage of ceria in the incandescent mantle.

But presently Welsbach
made a further remarkable discovery, namely, that by adding
a minute proportion of ceria to the thoria in the mantle the
intensity and duration of the luminous efficiency could be sub-
stantially inereased.

The curve in fig. 10, as given by Whitaker and other author-
ities, illustrates the well-known connection between the luminous
efficiency of the mantle and the percentage of cerium. There is
a certain value, about 09 per cent., which appears to give the
best possible result, and any increase or diminution is prejudicial.
This percentage is said to be adhered to without much variation
even in the mantles of to-day. There have, however, been modi-
fications made in the introductions of other small ingredients,
chiefly with a view to improving the colour of the light.

! Drysdale, “ A Brief History of Artificial Lighting,” Illum. Eng., London,
vol. i., 1908, p. 198.

2 Barrows, “The Work of Auver von Welsbach,” Trans. Illum. Eng. Soc.
[7.8.4., vol. iv., Oet. 1909, p. 569,
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Nichols?! has shown how the peeuliar greenish quality of light
due to “selective radiation” has become much less evident in
modern mantles, and the effect of varying the percentage of cerium
and thorium on the colour of the light emitted has also been
dealt with by Simonini.?

It would be out of place to enter deeply into the many theories
that have been put forward to account for the high luminous
efficiency of the mantle and the singular effect of such a minute
percentage of ceria. Those interested in this question may also
consult the lectures of Prof. Vivian Lewes before the Royal
Society of Arts (London)?® and Prof. Rubens before the British
Association. A useful summary of published researches by
Féry, Killing, Bunte, and others on this point has also been
recently given by Lévy.!

The discovery of Welsbach brought the chemistry of the in-
candescent mantle to a successful and practicable stage, but there
remained much patient work in the details of manufacture
before it proved a permanent commercial success. The discovery
was made in 1890, but it was not until ten years later that
incandescent gas lighting could be said to have firmly and
permanently established itself in Great Britain.

There are quite a number of steps in the processes of manu-
facture, each of which has its influence on the subsequent per-
formances of mantles. In the ordinary course a web of suitable
material must first be formed, and this web is immersed in and
impregnated by a suitable solution of the incandescing material.
Subsequently the web is dried and burned away, leaving only
the skeleton, consisting of the active material, which should hold
together in a fairly durable condition. Formerly mantles were
afterwards invariably steeped in collodion so as to strengthen
them for transport purposes, and this coating of collodion had
to be burned oft by the consumer before the mantle was put
into use, although more recently it has been found possible to
dispense with this process.

All these operations have been the subject of a large
number of patents, and the literature on the subject is very

! Trans, Illum. Eng. Soe. US.A., May 1908, p. 327,

? #*Notes on Chemical Lumineseence of Rare Earthe,” Trans. Ilwm. Eng.
Soc. U.8.4., vol. iv., Oct. 1909.

¥ #The Incandescent Mantle and its Uses,” Cantor Lectures. Delivered
May 7, 14, 21, 1900,

i L'Eelairage a UIncandescence par le Gaz, pp. 35-48.
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extensive.! The methods of weaving the mantle web, and in
particular the strengthening of the mantle at the neck (in the
case of the upright type), have been the subject of much study.
Formerly it was considered necessary for the process of burning
off, which required very delicate manipulation, to be carried out
by hand, but more recently burning-off machines have been suc-
cessfully applied to the process on a large scale? Yet another
factor which affects the final result is the nature of material
used in the web; originally
cotton was exclusively em-
ployed, afterwards Indian
hemp, Chinese grass, or
ramie fibre, and still more
recently artificial silk.

A poor mantle may fail
in practice in quite a num-
ber of ways. It may
rapidly split and tear
through vibration or the
constant impact of the
flame in lighting up and
extinguishing, simply as a
result of mechanical weak-
ness. On the other hand,
a mantle may be durable
in this respeect, but yet its
light may deteriorate be-
cause the chemical material
loses its luminous activity
or peels away or disinte-
grates. Also, its light may diminish because the mantle in course
of time alters in shape, so that the active material is gradually
withdrawn from the hot region of the flame. All these possi-
bilities have to be guarded against, and in the latest forms of
mantles have been largely overcome. Methods of testing
mechanical strength and durability have been devised: for
example, the “shocking machines,” which administer a regular

Fia. 11.— Moon-Woeodall shocking machine
for testing incandescent mantles,

! Bihm, “ Notes of Incandescent Gas Lighting,” Hlum. £ug., vol. ii., 1909,
pp- 227, 326, 395, 628 ; Die Fabribation der Gliihkirper fur Gasgliihlicht
(1910).

2 Bohm, * Recent Advances in the Manufacture of Ineandescent Mantles,”
Titum. Eng., London, Ang. 1911, p. 461.
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vibration to mantles, the intention being to compare the
durability of different types by the number of shocks each
can withstand before breaking.! A variety of testing ap-
paratus which has been largely used in this country is the
Moon-Woodall machine? shown in fig. 11. Kriiss® has also
devised an optical deviee for observing and recording the
change in shape of a mantle during life. J. H. Coste and W. E.
F. Powney * have recently advocated the adoption of a standard
specification for mantles, in which measurements on the lines
suggested play a prominent part.

Some of the recent improvements in mantles have been ex-
haustively discussed by Bohm, Drehschmidt, Miiller, and others.

Many improvements have been made in the actual methods of
knitting the yarn. Ewven more important have been the develop-
ments in the material selected for the fabriec. Natural cellulose,
in the form of knitted cotton, was at first exclusively employed.
This material, as originally prepared, presented several defects.
It was difficult to find a variety of cotton in which sufficiently
long threads occurred; as a rule the individual threads seen
under the microscope proved to consist of a woolly bundle of
small ones twisted together, and naturally they became dis-
integrated somewhat rapidly in the process of burning.

A distinet improvement was made by the introduction of
ramie fibre, or, as it i1s variously called, “ Indian hemp,” or
“ Chinese grass.” The individual threads making up the fabrie
were in this case more continuous; its durability was greater ;
and it was found that more uniform fibres could be drawn out
on the machine.

Yet another step in the application of natural cellulose for
mantle construction was the treating of the material by a special
process, known as “mercerising,” by which it was rendered
much more durable and silky in texture. Cellulose of this
character is extensively employed in the Plaisetty mantles.

It has also been long recognised that the coating of mantles
with collodion, so as to strengthen them for transport, was open
to certain objections, and that the subsequent burning off of this
coating by the consumer necessarily impaired to some extent the
strength and efficiency of the mantle.

1 4 Drehschmidt Shocking Machine,” Jowr. of Gas Lighting, 25th Dec. 1807.
2 ¥ Moon-Woodall Shocking Machine,” Jour. of Gas Lighting, 22nd Oct, 1907.
3 Jour. f. Gasbelewchiung, 2nd Nov. 1907,

v Jowr, of Gas Lighting, 10th Jan. 1911,
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Attempts have therefore been made to prepare “ non-collodion-
ised” mantles, which are not subjected to this process of being
dipped in collodion, but are nevertheless made in a form sufficiently
strong to withstand transport. A notable step in this direction
has been the preparation of soft mantles. These consist merely
of the impregnated fabrie, which has not been subjected to the
burning-off’ process and which is therefore quite soft, strong,
and pliable. Such mantles undergo burning off when they are
first placed on the burner and ignited by the consumer, the
mantle automatically adapt-
ing itself to the shape of the
burner flame, and the nitrates
of zirconium and thorium
being reduced to oxides mean-
while. At one time these
non-ineinerated mantles were
very unreliable in quality
after quite a short period Fia. ]2.—SI10?'ing = Munamh‘l’ soft mantle

and box for transport.
of storage, unless they were
kept in special moisture-proof sealed cases. These and other
difficulties are stated to have been now substantially overcome
in the best modern makes.

To sum up, the advantages elaimed for the soft type of mantle
are :—

(1) It ean be handled with impunity before ineineration and
can be packed in an exceptionally small space for storage.

(2) The incinerated fabric is not subjected to collodion, with
the resulting detrimental effects.

(3) The pliable nature of the mantle after incineration
readily adapts itself to the shape of the flame for which it
is intended.

(4) The mantle can be stored and kept previous to incineration
without the danger of deterioration due to moisture, ete. The
‘mantle, it is said, can even be dipped into water without ill
effects,

There remains to be mentioned an interesting development in
the preparation of the web used in mantles, namely, the manu-
facture of artificial silk. We see here a striking resemblance
to the course of events in the manufacture of filaments for electrie
glow-lamps. Originally bamboo fibres were employed for this
purpose, but their lack of uniformity was a great drawback.
Subsequently the carbon filament was prepared from artificial
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material obtained by squirting a solution of cellulose, and much
more homogeneous filaments were then secured.

In the same way artificial silk was prepared synthetically by
several investigators, including Plaisetty and Knifler, just at the
beginning of this century, for use with incandescent mantles,
and the same principle is employed in Terrel’s patents about this
date. Zdanowich!states that there are now in use three varieties,
produced by the Chardonnet, Copper-ammonia, and Viscose
processes,

An interesting characteristic of these artificial silk mantles is
that even after being used for some time they can be lifted off
the support and folded over the finger without breaking up.
A much more uniform and durable skeleton of active material

Famie. Artificial silk.
Fie. 13.—Showing appearance of ramie and artificial silk after burning 1000 hours.

can also be obtained. Nass?® and Miiller® have recently given
some interesting particulars on the subject, laying stress on the
long threads secured. These constitute an improvement on
the short choppy web which natural cellulose appears to yield.
Fig. 13 is based on two mierophotographs given by Nass, which
illustrate the greater uniformity of the artificial silk mantle as
compared with ramie, after 1000 hours’ burning. The silk mantle
fibres are still quite uniform, but the ramie is jagged and torn.
The same authority adds that on a high-pressure street burner
artificial silk mantles were found to last for seven weeks, while
ramie web of the same character would only stand for six days.
Whitaker,* in a recent paper before the American Illuminating
Engineering Society, states that the deterioration in light during

U Jour. of Gas Lighting, 19th Sept. 1911,

2 Jour. f. Gasbelsuchtung, 23rd Sept. 1911.

8 Jour, f. Gasbeleuchiung, 6th May 1911 ; Zeitschr, f. Deleuchtungswesen, 30th
April 1911,

Y Trans., Amer. Hium. Eng, Soc., May 1810,
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1000 hours was found by him to be 35 to 40 per cent. in the case
of cotton and 15 to 25 per cent. in the case of ramie. With
an artificial silk mantle, however, there was, under favourable
cireumstances, no perceptible diminution in light after 2000
hours, and only 5 to 10 per cent. after 4000 hours. In considering
these results one must, no doubt, bear in mind the distinetion
to be drawn between results obtained in practice and in the
laboratory : but there seems no doubt but that exceptional
improvements have been obtained during the last few years.

Those interested in this subject are referred to an article by
Bohm.! who, in summarising recent progress in this field, gives
a special account of the latest Cerofirm process of treating
artificial silk mantles.

A form of mantle which has received some notice—the so-
called “Hella Bushlight ”? — constitutes a reversion to the
methods employed by Edison and others in very early patents
of utilising rods of active material instead of impregnating
threads. It is claimed that these bundles of rods possess great
durability, but until such mantles have found their way into
general practice one must postpone judgment on this point.

One other recent attempt to improve the durability of mantles
—the “ Robinlyte " process—should be mentioned. This mantle
consists of a series of flexible crimped threads which, it is claimed,
can be poked or folded without injury. It is also stated that the
mantle is proof against the defects of splitting and eracking, and
that the bundle of threads is advantageous becanse an exception-
ally large area of active surface is presented to the flame, to
which the mantle readily adapts itself.

A word or two may also be said on the subject of high-
pressure mantles. The conditions in this case are somewhat
different from those prevailing on a low-pressure supply. The
mantle is exposed to a continuously higher temperature and a
greater flame velocity, so that exceptional mechanical strength
is entailed. Double mantles (one inside the other) are frequently
employed in order to obtain greater durability.

It may perhaps be expected that some curves should be given
illustrating the fall in ecandle-power of incandescent mantles
during life. The results available, however, prove on examina-
tion to be so conflicting that little useful information could be

U Hlum. Eng., London, vol. ii., 1909, pp. 227, 326, 395, 628 ; see also Jour, of
Gas Lighting, 26th Dee. 1906.
2 Illum. Eng., vol. 1., 1908, p. 827 ; Jour. of Gas Lighting, 4th Aug. 1908,
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given in this way. We may, however, refer to the experiences
of Lauriol,! Bond ? and others.

The truth appears to be that mantles differ vastly in quality,
and the care devoted to the burner is an important factor.

There can, however, be no doubt that the best mantles give
much better results than those in use a few years ago, and Mr
F. W. Goodenough, in his recent paper before the Illuminating
Engineering Society (London), expressed the view, as a result of
long practical experience, that a good modern mantle should not
diminish appreciably in candle-power during 500 hours, and by
not more than 10 per cent. in 1000 hours.

THE INCANDESCENT BURNER.

It must, however, be recognised that there are a number of
different factors affecting the efficiency of an average gas light
besides the mantle, namely, the pressure and nature of the gas
burned and the burner employed. Practical conditions are often
widely different from those secured in the laboratory, and it is
probable that the life of a mantle in practice is more frequently
terminated by breakage than deterioration in candle-power.
Even a slight vibration, if persistent, must have an effect on a
mantle, although it is true that the newer varieties (particularly
those of the inverted type, to which reference will be made
shortly) will withstand rough usage to a much greater degree
than the earlier ones. The effect of such vibrations can be
readily tested by means of the Moon-Woodall testing machine,
alluded to above. The fact that inverted incandescent mantles
are widely used for train lighting is evidence of the recent
improvement in durability.

But the design of burner and the variety of chimney used
have also an important bearing on the light given by a mantle.
It need hardly be said that the former must be kept free of dust,
and it is also necessary to secure the most perfect regulation of
gas and air supplied, corresponding with the quality and pressure
of the supply. Modern gas burners are provided with devices
which permit of this regulation being easily made.

In the bunsen burner the essential object is to secure as hot a
flame as possible for a minimum consumption of gas. The
efficiency yielded by the mantle depends very greatly on the
temperature of the flame, and hence on the possibility of securing

! Mlum, Eng., London, Dec. 1910, p. 733. ? Itid., Jan. 1911, p. 51.
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as perfect combustion as possible. In the case of the ordinary
burner of this type air is admitted and mixed with the gas
previous to its being ignited, and the relative proportions of gas
and air are usually adjustable by opening and closing the air
inlets. Now, it appears that perfect combustion of ordinary
town gas demands a proportion of about 5! of air to 1 of gas,
By suitably designing the burner we can make a mixture of
about 3 of air to 1 of gas (with normal low pressures), but any
attempt to produce a poorer mixture than this is apt to cause
the flame to light back. In order to counteract this tendenecy,

Fia, 14.—Bray upright incandescent Fic, 15.—Welsbach-Kern upright
burner, No. 2. incandescent burner,

wire gauze is frequently introduced into the mixing tube of the
burner.

The design of the burner has proceeded with the object of
bringing the gas and air into as intimate contact as possible.
For example, in the Welsbach-Kern burner a tapering cone was
introduced above the air inlets so that the air and gas might get
thoroughly mixed before ignition, and a peculiar twisted head is
added so as to produce a swirling motion of the gas, with the
same intention. Again, in the Bansept burner a series of conical
chambers, each opening by a small aperture into the one above,
were employed. The design of this mixing-chamber forms one
of the most important points in the design of modern burners.

The early incandescent burner required a pressure of 1} to 2
inches head of water to work sucecessfully, but it is claimed that
the best modern burners, with gas and air regulation, can be
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adjusted to work on practically any pressure found in the
ordinary district mains. Fluctuations in pressure may have a
prejudicial effeet in upsetting the conditions of ecombustion,
causing the flame to waver and smoke, and it has been suggested
that in the case of large premises a governor should be inserted
at the meter.

INVvERTED BUERNERS AND MANTLES.

| A new chapter in gas lighting was opened with the arrival of
. the inverted mantle. Although we are now aceustomed to its
convenience, there was a time when even some of the greatest
authorities seemed to doubt whether the initial difficulties eon-
nected with this variety of burner could be satisfactorily over-
come. It wasonly in 1904, at the Earl's Court Exhibition of Gas
Appliances, that the general public in this country realised that
the inverted burner had come to stay. The process of turning
the ordinary bunsen burner upside down, and the peculiar con-
ditions under which the gas had to burn in these circumstances,
led to a number of difficulties which were at first very
imperfectly understood, but have since been overcome. The
early burners were apt to smoke, to produce a hissing noise, and
to “ strike back ” unaccountably, and their regulation was trouble-
some to the average consumer. A paper by V. A. Rettich in
America in 19061 called attention to a number of these diffi-
culties and attracted considerable attention at the time, and a dis-
cussion between Prof. Drehschmidt and Dr H. Kriiss about that
time revealed a disposition to doubt whether any substantial
gain in efficiency was secured. Indeed, in 1905, at the annual
meeting of the Verein von Gas und Wasserfachménnern, Prof.
Drehsehmidt confessed that nearly all the inverted burners
available were apt to smoke !

These difficulties are now happily overcome. The advantages
secured by the inverted burner are now recognised to be con-
siderable, and some of the most important of them may be
summarised as follows :—

(1) Lmproved Distribution of Light—The shape of the up-
right burner is in most cases obviously far from ideal for light
distribution. The burner necessarily obstruets a great deal of
light and is apt to throw a dark shadow below the lamp. Apart
from this, the long mantle leads to most of the light being

U Hlum. Kng., New York, vol. i., 1906, p. 85.
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cast out horizontally, whereas, as a rule, one desires the majority
of the light to be directed downwards. The vertical mantle is
thus unsatisfactory in two ways—it obstructs the light, and it
does not distribute it in a desirable manner. The difference
between the two mantles in this respect is illustrated in fig. 16, in
which typical polar curves of upright and inverted mantles are
shown. (This method of representing distribution of light will
be explained in Chapter VIL. Briefly, it consists in drawing
lines radiating from the source at different angles, in each case
making the length of the line proportional to the candle-power

CANOLE PONWER

CANDLE DOWER

CANDEE  POWER
CANDLE SOWER

2

g

Fie. 16.—Showing distribution of light from typical upright and inverted
burners giving approximately the same total candle-power,

in that direction. Thus, in the case of the upright mantle, the
longest line is the horizontal one, this being, as we have seen,
the direction of maximum light. The ends of such lines form
a closed carve called the “ polar curve of distribution of light.”)

This curve may be looked upon as typical of the inverted
burner, but one ean vary the distribution of light considerably
by altering the shape of the mantle. Some of the early small
units had mantles which were alnost flat, and they therefore
threw practically all their light downwards. But the conse-
quent deep shadow above the mantle was considered undesirable
and a condition of things intermediate between this and the
upright mantle is now preferred for general purposes.
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(2) 4 greater Variety Range of Candle-power can be secured.
—Whereas with the upright burner it was not easy to secure a
lamp yielding less than about 50 to 60 c.p. and consuming 3 to 3}
cubic feet of gas, small units, giving only 25 c.p. (or even less)
and having a proportionally smaller consumption, can now be
obtained. In addition, by grouping high-power mantles to-
cether in a lantern, very powerful lights, rated up to 4500 e.p.,
can be obtained. By arranging for only one or several of the
mantles to be lighted up, these units can be further subdivided,

(3) Higher Luminous Efficiency.—The fact that much less
light is obstructed by the burner in the case of the inverted
lamp naturally leads to an improvement in efficiency. But apart
from this, it appears that the luminous efficiency is increased for
physical causes. It has been found by some that the ©pre-
heating ” of the gas before it is actually burned, which is very
readily accomplished with the inverted burner, means that a
hotter flame, and therefore better incandescence, 1s secured. Also
that the use of a smaller more concentrated flame, such as these
smaller mantles demand, has a similar beneficial effect.

It is also suggested that the flame can be more scientifically
applied to the mantle so as to illuminate all parts of it to the
same brillianey ; in the case of the longer upright mantle, on the
other hand, one could often observe that some parts, especially
the upper end of the mantle, did not attain the same tempera-
ture as the base and were not nearly so bright. Yet another
interesting explanation of the improved efficiency was given by
Mr Carpenter at a meeting of the Illuminating Engineering
Society in 1910. He pointed out that whereas in the upright
mantle the hot gases are continuously ascending and moving
away from the mantle upon which they are intended to impinge,
in the inverted burner they probably begin by descending, come
to a stop, and then the direction of flow is reversed: as a result
they act upon the mantle in a comparatively still atmosphere
and their heat is much more effectually communicated to the
incandescent material,

(4) Improved Duwrability and Strength of Mantles.—Perhaps
one of the greatest gains in connection with inverted mantles is
the improved durability. This arises partly from the nature of
the mantle itself—which is shorter, more compact, and therefore
less inclined to split—and partly from the nature of the support.
The method of supporting the long upright mantle on a ecrutch
was unsatisfactory in the hands of unexperienced people, and
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it was a common experience for such mantles to give way
at the neek. The inverted mantle, on the other hand, being
supported by its entire rim, is less liable to breakage, and, should
the fabric tear at ome part, the whole mantle will remain
supported and will not fall to pieces as an upright mantle might
do. This last point is of considerable consequence for railway-
carriage lighting, where a failure in a mantle should not mean
the total cessation of light.

(5) Convenience and Artistic Appearance.—Finally, the mere
fact of the light being mainly distributed in a downward
direction, and the gas entering at the top, constitute an added
convenience from the standpoint of fixture design: under these
conditions many artistic methods of treating the lighting of
interiors, which would have been ditlicult to attain with the
upright mantle, become possible.

A few words more may be said on the design of inverted
burners. In order to secure these advantages, and to avoid the
defects of incomplete combustion, hissing, flashing back, ete.,
much care has been necessary. Some interesting papers have
been read dealing with this design more exhaustively than we
can do here, and the new models of gas lamps which appear each
year show steady progress in detail.! Omne might also mention a
recent summary of the problem by Professor Whitaker.?

Professor Drehschmidt was among the first to insist upon the
necessity of avoiding contamination of the gas and air supply by
the produets of combustion, and to point out that the defects in
the burners of that time arose partly through the fact that these
products were forced through the mantle? The access of gas
and air is now carefully shielded, and metal wings or deflectors
are also frequently employed to conduct away the heat and
prevent discoloration of fittings.

In some burners the application of the waste heat from the
burner to raise the temperature of the entering gas and air
mixture is also beneficial as a means of cooling the parts of the
burner over which the mixture passes. Another feature which

I See, for instance, * The Evolution of the Inverted Gas Light,” by Professor
Ahrens, Jour. of Gas Lighting, 21st May 1907 (abstract).

? Lecture at the Johns Hopkins University, Baltimore, U.S.A,, 1910,

¥ “Inverted Gas Lamps,” Jowr. f. Gasbeleuchtung, 16th Sept. 1905, “The
Present Condition of Incandescent Lighting,” paper read at the Annual
Meeting of the Verein von Gas und Wasserfachmiinnern 1906.
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is embodied in good modern inverted burners is the provision
of special hoods or deflecting wings to secure that the air supply

Fig. 17.——Types of Bland inverted burners.

is not contaminated by the produets of combustion (note, for
example, the devices shown in figs. 17 and 18). In the Bland

Fia, 18 —Bay ' Bijou"” inverted l i
burner, i ﬁ
(Consumption 1} cub. ft. per hour.) T
Fig. 18, —* Nieo-vibra ** anti-vibration device.

inverted burner the use of a special carrier to grip the mantle,
which is not attached to the burner itself, is stated to be very
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beneficial in prolonging the life of the mantle, since the shocks
occasionally administered to the burner are not fully communi-
cated to the mantle.

This last feature leads to the men-
tion of anti-vibration devices, by
which the burner and mantle are
supported on springs, or some other
resilient material. A typical device
of this kind is shown in fig. 19, and
a number of other well-known anti-
vibration appliances are deseribed in
Mr Hole's well-known book on The
Distribution of Gas. The Nico-vibra
device has as its main feature a
hardened steel spiral spring, which
forms the outer connection between
the burner and the nipple. If the
burner receives a knoek, it is merely i ol

. . Fia, 20, —General view of Griitzin
displaced and then returns to its = pigh c.p. low-pressure lamp.
original position. (Candle-power 1000, consumption

; fapprox. ) 24 caly, 06, per hour.)

A special word or two may be

said here on the subject of the latest types of high candle-

80° il Fils an* fn” E0* rily Go* i

Fig. 20a. --Slmwiniq distribution of light from Gritzin ln}w?:ressum lm:u}l-s, giving
300, 600, and 1000 c.p. with one, two, or three mantles respectively.

power low-pressure lamps. During the last few years a number
of high efficiency inverted lamps of this kind have been intro-

duced and have been utilised by the South Metropolitan Gas Co.
: 4
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for lighting the streets in South London. Although these lamps
are run on the ordinary mains, as much as 30 candles per cubic
foot per hour is said to be obtained.

It appears that in the lamps of this kind issued since 1911
an even greater advance has been secured. Herr M. Scholz states
that a low-pressure lamp, yielding about 40 candle-hours per
cubic foot, has been introduced by Messrs Ehrich & Griitz in

Candle-power
400 W) G TN BOD

i
400 o
B0

a0
G0N
700 40"
S
D) o
L0
1100 —— i

L1 3 sil° T G

F1c. 21a.—Showing distribution of light
from Sugg ““1911 " lamp.

Fia. 21, —Showing Sugg high e.p. low-pressure {Consumption at 2 ins. pressure 18 cub. ft.
16117 lamp. per hour,)

Berlin; and several British firms, including Messrs Sugg & Co.
and the New Inverted Gas Light Co., have since announced new
models which, on a pressure not exceeding 20/10ths, are also said
to yield a duty over 40 candle-hours per cubie foot.

By the courtesy of Messrs Ehrich & Griitz we are enabled to
reproduce in figs. 20 and 20A a general view of the lamp and
curves, showing the distribution of light with which it is credited.
Figs. 21 and 21a refer to the Sugg “1911” lamp, the polar
curve being again based on information kindly supplied by the
manufacturers. It is interesting to notice that while approxi-
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mately the same efficiency is claimed, the shape of the distribu-
tion curve of this last lamp differs considerably from that of
Messrs Ehrich & Gritz. This appears to be due to the con-
centrating effect of the reflector in throwing most of the light
downwards. Clearly a relatively small bend in the reflector
might make a great deal of difference in this respect.

This improvement in efficiency is aseribed mainly to the
judicious use of preheating, the passage of the gas over hot
surfaces, and other improvements in the detail of the design of
the burner.

AvrtomaTic Gas AND AR REGULATION.

It is well known that the best proportions of gas and air in a
burner depend to some extent on the local pressure and the
quality of gas.

This, and also the fact that the conditions change somewhat
after a burner has become warmed up, led Whitaker and Little

LTI R
Burner hot. Burner cold.

Fi1a. 22.—8howing action of Degea Airostat device.

in the United States to devise a form of thermostatic control of

the admission of gas! The arrangement is said to be of great

assistance in counteracting any inclination to “light back.” (In

passing, it is interesting to note that Clegg, very early in the

history of gas lighting, devised, in order to satisfy the fire
\ Trans, Ithwm, Eng. Soc. U.8.4., Dec. 1907.
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insurance authorities, a self-closing burner with thermostatic
action for the purpose of shutting off the gas whenever the flame
became accidentally extinguished.) A thermostatic control is
now employed in the Bland burners, and a similar device has also
been employed in Germany by Herr Lebeis. Another apparatus
is the Degea Airostat, shown in fig. 22.  When the burner is cold
the air-holes are almost completely closed by the metal collar, as
shown on the right, but as it heats up the arms expand and the
holes are gradually uncovered.

The improvements in inverted burners of late years have,
however, gone far towards removing this difficulty, as they become
warmed more rapidly and are not so readily subject to variations
in quality of gas. A striking announcement was made by
Mr Charles Carpenter at the meeting of the Illuminating
Engineering Society in December 1910, to the effect that the
South Metropolitan Gas Co. had sucecessfully introduced a form
of burner which is adjusted once and for all for the quality of
gas on this company’s supply area, and can therefore be used
without means of gas and air regulation.

INcLINED BURNERS, ETC.

Before proceeding to the discussion of high-pressure lighting,
a word or two may be said about several types of inclined
burners which have been introduced of recent years.

Fic. 23, —Greyson de Schodt inclined burner.

One such development was deseribed by M. Greyson de Schodt
before the Société Technique du Gaz in 1909. An advantage
claimed for this contrivance is that the slope of the mantles can
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be varied so as to alter the distribution of light, aceording to the
nature of the street. One drawback to the use of horizontal and
inclined burners (in addition to the difficulties connected with
the deflection of the flame from its natural vertical position) is
that the weight exercises a sideways thrust, since the centre of
gravity falls outside the support for the mantle.

In the “Twin-light” burner the ingenious expedient was
adopted of burning both an upright and an inverted mantle off
the same supply.

SELF-CONTAINED HicHLY EFFICIENT LAMPS.

We must next turn to the great developments in gas lighting
which have been achieved by the aid of high pressure. But
before doing so a few words may be said on a class of lamps
which were designed to produce a more brilliant light than that
obtainable with the ordinary low-pressure burner, and yet to
be burned on the ordinary gas supply. A conversion to high
pressure may affect the entire installation, whereas one often
desires to have a high candle-power lamp only at one particular
spot, and (in the absence of high-pressure mains from the
company becoming available) to avoid the necessity of installing
a special compressing plant.

Attempts were therefore made to introduce in gas lamps,
burning on the ordinary supply, local pressure-raising or
intensifying devices. Mr Secott-Snell many years ago devised
means of inereasing the output of light from a lamp by causing
the waste heat to compress a supply of air, thus securing a
forced draught.

Another example of this type is provided by the Chipperfield
lamp, introduced a few years ago. In this case there is a
reservoir into whieh, by the action of the heat, a supply of air
was also pumped periodically and subsequently utilised to enable
more perfect combustion to be secured.

~In the Lucas and Welsbach-Kern self-intensifying and other
lamps, a long chimney was placed above the burner, and this
likewise promotes a strong draught, drawing in an inecreased
‘supply of primary air and leading to improved combustion.
Afterwards this form of lamp was modified by the ingenious
application of the thermopile, the hot junctions of which were
placed in the heated products of combustion. The cold junctions
projected into the cool air outside the lamp and thus inereased
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the p.d. set up in the thermopile. The current gencrated
was supplied to a small electrically-driven fan at the base of
the lamp.

The ecomparatively complicated nature of the mechanism
involved in many of the self-intensifying lamps led to certain
difficulties ; they were not always independent of temperature
and weather conditions, and the working of the small hot-air
engine for raising the pressure
was not always as noiseless as
might be desired.

In the most vecent types of
low-pressure high candle-power
lamps, referred to on pp. 49-51,
similar principles are in part
employed with the object of
securing a more intimate mix-
ture of gas and air, and more
perfect combustion, but the
methods are more simple.  The
use of moving parts, pistons,
abnormally long chimneys, ete.,
will no doubt eventually be-
come obsolete, reliance being
now mainly placed on the
accurate design of the mixing
chamber and gas and air inlets,

Fie. 24.—Lucas self-intensifying lamps ;
3-light eluster. el
(Candle-power 1200, consumption 30 eub. ft. and on the Jlldl(:lﬂl‘lﬂ use of

JEKT) preheating. As has been ex-

plained, there are a number of lamps now obtainable which will
burn on an ordinary low-pressure gas supply, and without com-
plicated mechanism, and yet credited with as high an efficiency
as 30 to 40 candle-hours per cubie foot.

HicH-PRESSURE Gas LiGHTING.

We now come to one of the most striking of all the recent
developments in gas lighting, the use of high pressure. By this
means a remarkable increase in efficiency can be secured, and
the brilliant illamination of many of our main thoroughfares
by this comparatively new method bears witness to the improve-
ments in this direction which have recently been made.

During the last ten years, ideas as to the pressure which
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could be conveniently employed in street mains have radically
changed. 1In 1900 almost all the existing gas lighting in London
was carried out with a comparatively low pressure, in the
neighbourhood of 2 inches of water. In 1901 Blackfriars
Bridge was being experimentally lighted with Sugg 300 c.p.
lamps at a pressure of 10 inches of water; and in the same year
a striking paper was read by Mr A. W. Onslow,! deseribing the
high-pressure installation, using 54 inches, at Woolwich Arsenal.
As a matter of fact, pressures in the mains of fifty inches are
now frequently exceeded. For example, it is stated that in the
recent high-pressure installation for the Dulwich covered tennis-
courts, undertaken by the South Metropolitan Gas Co. (and now
in some of the streets of London), as much as 80 inches was
employed, while in Birmingham and elsewhere over 100 inches
have been used successfully.

In a paper before the Sixth Annual Convention of the
American Illuminating Engineering Society in 1912, Mr F, W.
Goodenough gave some interesting information on the progress
of the high pressure for shop lighting,

During the last few years there has been a great development
in what is termed “ parade lighting ” systems. A few companies
started the movement by making arrangements to supply a
number of shopkeepers in one block of buildings with high-
pressure gas, thus relieving the consumer from the necessity of
installing a private compressing plant of his own. The main-
tenance is in the hands of the gas company, and an inclusive
fixed price per annum is agreed upon. Such installations have
rapidly multiplied. The Tottenham and Edmonton Gas Co.
was one of the first companies to go into this on an extensive
scale. The length of high-pressure mains for this purpose seems
destined to make considerable progress, and to do away with
the inconvenience of individual compressors.

High-pressure gas has naturally found its most prominent
application in street lighting, where very powerful lamps are
demanded. Thus the new Keith lamps employed in the City
of Westminster are required to give from 2000 to 3000 candles,
and lamps yielding to 4500 c.p. are now available.

In the high-pressure systems best known in this country it
is the gas supplied to the burner which is compressed. There
is. however, no inherent advantage in using high-pressure gas
except for the purpose of producing a very intimate mixture of

1 Journal of Gas Lighting, 19th Nov, 1901,
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gas and air, and, simultaneously, a greater velocity of gas
issuing from the burner. It is on these conditions, and the
resulting high flame temperature, that the efficiency of high-
pressure lamps is believed to be chiefly due.

Much has been written on the nature of combustion of the
high-pressure flame and the theory of the high efliciency secured.
On these points we will say a little more presently.

The discussion of the technical details of the many high-
pressure systems—among which may be mentioned the Scott-

: Snell, Sale-Onslow, Tilly,
Millenium, Gritzin, Pharos,
Keith & Blackman types
—would carry us too far
afield. A word or two may
be said, however, regard-
ing the Keith & Blackman
lamps, which are widely
used in Great Britain, and
which were exhibited and
deseribed by one of the
authors in the course of a
series of Cantor Lectures
before the Royal Society
of Arts in 1909,

The main advantage

Fie. 25.—Sketch of Keith & Blackman high- derived from these high-
pressure lamp, with polar light distribution. =

pressure lamps is of course
the high efficiency, as much as 736 candle-hours per cubic foot
having been obtained in some tests with ordinary town gas.
However, 60 candle-hours per cubic foot is the value claimed
in general by the makers. The lamps are made in all sizes
from 60 to 1500 c.p. with single burners, and with multiple
burners up to 4500 c.p.

The high efficiency is aseribed mainly to a preheating device,
whereby the gas and air mixture is passed through a heater
fixed on the bottom of the burner tube, as near the mantle as
possible. It takes the form of two shallow cones, fixed base to
base, with a diaphragm between at the outer edges. This has
the effect of spreading out the mixture of gas and air over a
large area of highly heated surface before reaching the nozzle.
The heating of the gas and air mixture takes place progressively,
for, as the mixture gradually moves forward, it is brought into
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contact with surfaces that are more highly heated than those
which it has just left. At the same time the heater has the
effect of taking heat from the nozzle, and so prevents the
temperature at its tip becoming too high. An additional effect
is obtained by heating the - —
secondary air supply before it ileg :
comes in contact with the mantle,
By these means as much of the
waste heat as possible is utilised
to give a regenerative effect.
The high pressure used with
these lamps (which may be 55
or even as much as 80 inches) is
necessary in order to overcome
the resistance experienced by
the highly heated mixture in
passing through the lamp.

Fig. 25 is a diagrammatic
view of one of the latest forms
of Keith lamps and the corre- Fi6. 26.—A general view of Gritzin

; ST : B high-pressure 4000-c.p. lamp.
3pmldmg dlstl‘lbutlﬂ[l OF hght‘ {Conzumption (approx.) 60 cub, ft. per hour.)
In fig. 26 is shown the latest
type of high-pressure Gritzin lamp, which has been very
largely utilised in Berlin and other German cities. Fig. 264
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Fie, 26a.—Polar curve of light distribution of Griitzin
high-pressure 4000-c.p. lamp.

shows the distribution of light from the lamp as given by
Herr M. Scholz, the curve being specially designed with a view
to street lighting.
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At this stage it may be of interest to tabulate the efficiencies
of the lamps referred to, and for this purpose we may reproduce
the table in Mr Grafton’s well-known book, merely adding thereto
the values for the most recent high candle-power low-pressure
and high-pressure lamps :—

Specific Comsumption

Type of Burner, (c.p. per cubic foot of gas per hour).

Flat flame, Batswing : : : 4-6 (with 30-candle gas)
Ordinary Argand . : : . 29-29 . 18 A
Standard ,, : : : . 92-38 , 16 =
Albo-carbon light . . . A 5-6
Regenerative lamps . ; : . 10-12
Welshach “C” burner (1893) . . 1214

B s (1898) . . 19-24

o * Bansept ” X : . 16-20
Added :—

Modern low-pressure inverted .  20-25

Latest high c.p. low-pressure

inverted lamps (1911) . . 35-40
High-pressure (50-80 in.) . . 60

This gives an excellent picture of the progress that has been
madle.

HicH-PRESSURE (GAS AND HiGH-PRESSURE AIR.

A short time ago there was an animated discussion in the
gas journals in Great Britain and Germany regarding the
comparative merits of high-pressure air and high-pressure gas.!
Both systems are capable of producing a very intimate mixture
of gas and air and the desired high flame temperature, and
authorities seem now to consider that the efficiency attainable
by the two processes is very much the same.

On the other hand, certain advantages as regards convenience
have been claimed for the respective methods. For the high-
pressure air system it has been pointed out that the ordinary
gas-mains can be used, low- and high-pressure lamps being
supplied from the same network, and that when a change to
high pressure is made it is not necessary to alter the existing
piping in any way ; that no special meters are needed; that an
escape of compressed air, unlike compressed gas, leads to no
danger; and that, even should the pressure-air system fail

U Illwm, KEng., London, vol. i., 1908, p. 956 ; Zeitschrift fiir Beleuchiungswesen,
20th May 1908 ; Gas World, 20th May 1908 ; Journal fior Gasheleuchtung, Nos,
24 and 30, 1908 ; Gas World, 12th September 1908 ; Journal of Gas Lighting,
256th August 1908,
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entirely, the lamps can still burn on the existing low pressure of
gas, the light being diminished but not extinguished.

For high-pressure gas it has been claimed that the ordinary
gas-pipes can often be used when a change to high pressure is
made, whereas with high-pressure air it is always necessary to
install a second set of pipes to carry the air supply:; that with
satisfactory workmanship it matters little whether the pressure
18 2 or 50 inches, and in practice it has been found that accidents
with high-pressure gas have not been more frequent, nor more
serious in their results, than with a low-pressure, and that it can
therefore be regarded as quite safe and practical. Oeccasionally
local cireumstances may tend to favour one system or the other.
For example, Dr Géhrum,! in a recent article on the gas lighting
of Stuttgart, states that he considered the advantages of the two
methods pretty evenly balanced. In deference to an unjustified
but keen apprehension of high-pressure gas on the part of the
publie, however, high-pressure air was adopted, and this step
procured permission to install compressors in many convenient
spots beneath schools, public buildings, ete., which might not
otherwise have been granted.

The high-pressure air system seems to have found most ex-
tensive use in the hands of the Pharos Licht Gesellschaft,
Germany : it is, however, of interest to recall that it was also
used many years ago by the United Kingdom Lighting Trust in
this eountry, and is still in use at the present day.

COMPRESSED (348 AND AIR.

A few words may also be said about the Selas system® of
compressing a mixture of gas and air, thus constituting a
combination of the methods mentioned above. The gas, after
passing through the meter, enters a mixing apparatus, from
whenee it emerges into the compressor and is delivered to the
service-pipes at a pressure of 10 inches of water. At this com-
paratively low pressure the ordinary pipes can be used, and,
owing to the fact that they contain a mixture of gas and air,
the actual leakage at 10 inches would be no more serious than
a similar leak with undiluted gas at 2 inches.

With this comparatively low pressure of 10 inches an

Y Jour. fiir Gasbeleuchtung, 25th May 1911,
2 See also a paper by Mr F. D. Marshall before the Institution of Gas

Engineers in 1903,
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efficiency as high as 50 candle-hours per cubic foot has been
reached, and it is further claimed that this efliciency is obtained
even with the smallest of the burners, which range from 25 to
5000 e.p.

OroneEr RECENT IMmPROVEMENTS IN HicH CANDLE-POWER
Lavps FOrR STREET LiGHTING, ETC.

Naturally the pioneering work done in Berlin and elsewhere
on high-pressure gas street lighting was attended with difficulties.
Drehschmidt ! recalls that much time was devoted to the choice
of a suitable mantle. Double webbing was originally used,
but the life was exceedingly short—sometimes only a quarter
of an hour. But the recent typesof mantles for high pressure
are a vast improvement. Thus Herr M. Scholz stated in 1909
that the average life of mantles used for public lighting in Berlin
amounted to 200 hours? and Mr Goodenough mentioned in his
recent address to the Illuminating Engineering Society that in
some districts in that city as much as 1000 hours is obtained
with the latest uncollodionised mantles,

Another difficulty initially experienced in Berlin was that
the original lanterns, containing two burners, were constantly
breaking owing to the flame shooting out at the moment of
lighting up; this was remedied by substituting three burners of
somewhat smaller consumption.

The method of obtaining a given candle-power by using
several mantles, rather than by a very powerful single one, has
other merits. For one thing, a small mantle is on the whole less
liable to injury and lasts longer, and it is possible that the
shorter and more concentrated flame used may render it more
efficient. Again, when three mantles are used the breakage of
one is not so serious, sinece the remaining two mantles still enable
the lamp to yield about two-thirds of its full light; but the
breakage of a single big mantle might mean total extinction.
It is also obvious that a lantern in which the mantle that
deteriorates soonest is constantly being renewed will, on the
whole, give a more uniform light than one containing a single
mantle. For of the three mantles burning there will always be
one which is comparatively new, but the single-mantle lantern

U Jour, fiir Gasbelewchiung, 22nd Aug. 1908,
® See Jour. of Gas Lighting, 26th Oect. 1909 ; also [llwm. Eng., London, Dec.
1910, p. 736.
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Fie, 27.—Showing lamp-post with gear, enabling high-pressure incandescent
gas lights to be raised and lowered to receive attention in the streets,

(By permission of the Royal Society of Arts.)
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must be allowed to go on burning until this one mantle has
fallen to the permissible limit, and so requires removal. One
other advantage of the multiple mantle system is that 1t is
possible to arrange for the extinetion of two out of the three
mantles at a given hour of night, thus effecting a saving without
plunging the town into complete darkness.

The visit to the Continent of the deputation appointed by the
Streets Committee of the Corporation of London in 1906 brought

Fie. 28.—Showing Pharos high-pressure air gas lamps in a street in Stuttgart.

to the general notice an interesting innovation in gas street
lighting, In the report of the deputation the suggestion
was made that gas lamps should be suspended centrally in
the middle of roadways on wires spanning the street, and
equipped with raising and lowering apparatus in the same
way as has been done in the case of arc lamps. This sugges-
tion was then somewhat novel and gave rise to some surprise.
The method had, however, been r-}:pnrimcnmd with already
by Messrs Ehrich and Gritz in Berlin; and shortly after-
wards one of the writers, in wvisiting Stutteart, had the op-
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portunity of examining the well-known installation on these
lines in that city. Fig. 27 shows the form of raising and lower-
ing apparatus for use on ordinary side standards, first introduced
by Messrs Ehrich and Griatz. It will be observed that two
flexible pipes are attached to the mast, but only one of these
is needed to convey gas. The lamp is raised and lowered by
a double cord from below, but when hanging at rest (as shown
on the post on the left) does not depend on this eord for its
support. Specialprovision is also made to reduce the vibration
due to winds, ete., to a minimum.

An arrangement for the central suspension of lamps is shown
in actual use in a street in Stuttgart in fig. 28. Experience

e

g ==
L_.l-ﬂ-hu

Fre. 29.—8howing Keith traversing and lowering gear. The lamp is shown in
full hanging in the centre of the road, and it can be drawn to the side and
lowered to receive attention, when it assumes the dotted position,

appears to have shown that jointed tube is preferable to flexible
tubing, with a view to preventing leakage. Several installations
have been installed in London and Manchester. At the end of
1911 the City of London resolved upon extensive improvements
in their lighting, and decided to install about 40 centrally hung
gas lamps of 2000 c.p. high-pressure type. In fig. 29 we are able,
by the courtesy of Messrs Keith & Blackman, to reproduce their
most recent gear for this purpese. It may be noted that their
experience confirms that of Continental manufacturers in approv-
ing jointed instead of flexible piping.

Another novelty introduced by the same firm is the enclosure
of the high-pressure mantle in a fused silica globe “a little
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bigger than an ordinary tumbler.”! By this method it is found
unnecessary to admit secondary air,and the high flame temperature
is said to enable a 10 per cent. increase in efficiency to be obtained.
The reduction in bulk is very marked, and the saving in breakage
of globes is expected to be considerable. A number of these
lamps were displayed at the National Gas Exhibition at
Shepherd’s Bush in Oectober 1913.

Fic. 30.—The new ** Keith ™ 1500-c.p. gas lamp,
with silica cup (one-sixth scale),

DiSTANCE EXTINGUISHING AND IGNITION.

One great advantage enjoyed by electricity is the ease with
which it can be switched on and off; lamps can be controlled
from a distance, and, if necessary, lighted up from several
separate places independently. That this is a considerable
benefit in the case of indoor lighting will be readily understood.
But in the case of street lighting it is also a great convenience
to be able to control the lamps from the station and to light

U Jour, of Gas Laghting, 18th Jan. 1913, p. 454,
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them up or extinguish them at any time just as the conditions
of daylight demand. Naturally, therefore, attempts have been
made to extend the same facilities to gas lighting.

In discussing the methods at present available we may draw
a distinction between methods of lighting up which involve the
use of a by-pass and those which are independent of this
appliance.  Naturally, the latter method is the most ideal in
theory, but up to the present time it has proved more difficult
to bring to a stage of absolute perfection. The majority of
automatic methods in use demand a by-pass.

FPrnewmatic Control.—One of the earliest and simplest methods
of distance control is the pneumatic. According to this method
an extra tube of small bore is led to the burner. By merely
pressing a plug switch at the end, a pulse of air is sent along the
tube and operates a little lever turning on the full supply of gas.
The simple mechanism in the burner is so designed that the next
pressure of the switch can be made to turn off’ the gas, and so
on. The method is simple and reliable, The tube, being very
small, is readily concealed, and a lamp at a distance of 60 feet
or more can be controlled.

The“ Norwieh” System.— Another system, the Norwich switeh,
is really an ingenious modification of the pneumatie prineiple,
the pressure of the gas in the pipe taking the place of the pulse
of air. No air-tube is necessary. The switch itself, in the form
of a by-pass cock, is inserted in the supply-pipe leading to the
burner which it is desired to control, and an automatic valve is
applied to the nose-piece of the fitting. With the switch in its
“off * position only enough gas passes to keep the by-pass
alight. But when the switch is turned on, and the full gas
pressure applied, this pressure actuates the mechanism in the
nose-piece, opening a passage for the full supply of gas to the
burner. When subsequently the switeh 1s turned off, the
passage is again closed and the by-pass only left burning.

 In dealing with the lighting of large spaces, streets, ete.,
somewhat different conditions prevail, the chief of which being
the longer distances at which it is desired to operate. In the
case of a large district the time occupied by the lamplighter’s
duties is considerable, and the last lamp on his round would be
reached half an hour or more after the first was lighted up.
Consequently it was unavoidable either to arrange to commence
lighting up somewhat before it was really necessary, or to allow

the last lamps on the series to be lighted considerably later than
: 5
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the proper period. Moreover, the sudden gathering of a fog,
such as is still met with during the winter months in many
large cities, taxed the capacities of the lighting-up staff, and the
slowness of the process was a considerable drawback.

A method of control which has been applied in some cases is
based on clockwork. For show-window lighting or advertise-
ment signs, for example, a clockwork meehanism may be used by
the aid of which, at a certain predetermined time, the gas is
automatically cut off or turned on.

In the same way clockwork devices have been applied to
street lighting. A mechanism of this kind was fitted to each
lamp and set so as to turn on and off the publie lamps accord-
ing to the recognised lighting schedule during the year.
The method, however, had certain drawbacks. For example,
although, in a sense, an apparatus of this kind is very reliable,
it has to be very accurately timed in order that all the
lamps in a district may light up simultaneously. Moreover, the
necessity of winding up the clockwork at periodical intervals
and the cost were found disadvantageous. What, however, is
perhaps the greatest drawback to clockwork control is that it
acts independently of the climatie conditions. If, for example,
the light fails early on an exceptionally dull day, the elockwork
takes no account of this fact; and, again, if a fog comes on
suddenly this is also ignored. Therefore, while clockwork control
has proved its convenience for certain special fields (such as the
control of show-window lighting), it is not now very generally
used for publie lighting in large towns. In country districts,
where lamps are spaced a long distance apart, it may still be used.

The most usual modern method consists in the attachment to
each lamp of a convenient form of apparatus which is not
affected by the comparatively small fluctuations in pressure, such
as occur on the network of a public gas supply under ordinary
circumstances, but immediately responds to a sudden and
deliberate rise in pressure beyond certain limits. What takes
place, therefore, is as follows: As soon as the darkness begins to
set in, the engineer at the gas-works raises his pressure for a
short time—possibly several minutes. This wave of pressure
rapidly spreads through the entire network and aects on all the
mechanisms attached to the publie lamps, causing them to light
up; the extra impulse is then withdrawn and the pressure settles
down again to its normal value. The automatic apparatus is so
contrived that the next impulse, which of course is applied when
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the time comes when lights are no longer required, causes the
lights to be extinguished. There are a number of mechanisms of
this kind now available, two of the best known types being the
Rostin and the Bamag. The former utilises two valves floating
in special non-freezing and non-evaporating mixture of glycerine
and water. These valves can be so adjusted that the mechanism
responds to any predetermined sudden pressure rise, but is not
affected by small fluctuations. The Bamag system utilises the
pressure of the gas on a regulated diaphragm, and this too can
be set to respond to any given change in pressure; it can also
be adjusted to be controlled either by a rising or a falling
pressure wave,

These two devices may be regarded as typical of the two main
classes of automatic pressure controllers. There are, of course,
many others. For example, Stephenson desecribed in 1908 the
use of the Alder-Mackay apparatus in Tipton! with wvery
satisfactory results, and Metzger has more recently given a
most interesting account of his experiences in Bromberg with
the Bamag and Meteor types.®

In this connection special mention may be made of another
type of apparatus, the Automaton?® which is a combination of
the clockwork and pressure-wave methods. The actual motive
power required to actuate the mechanism (which has been found
to vary according to the frietion in the apparatus in different
conditions of weather or the presence of vibrations, ete.) is not
supplied by the gas pressure itself but by the elockwork
mechanism. The rise in pressure merely sets the clockwork
going—* pulls the trigger.” It is claimed that the arrangement
can be regulated with exceptional precision and that it is very
little affected by variable friction. It can also be adjusted to work
with either a rise or fall of pressure, may be set to respond to
any required change, and is therefore readily arranged to eomply
with the pressure peculiarities of any district. It may also be
arranged to turn off only one of a group of three mantles at the
first impulse, to turn off’ another when the next impulse is applied,
and to extinguish all three, if need be, with the third impulse.

Besides the advantages enumerated above, of enabling all the
lamps in a district to be turned on or off practically simultaneously

L Jour. of Gas Lighting, 10th March 1908,

2 Jour. fiir Gasbeleuchtung, 26th Aug, 1911 ; Illum, Eng., London, Nov, 1911,
p. 637,

5 Jour. of Gas Lighting, 3rd May 1910 ; Illum. Eng., London, vol. iii. p. 411.
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at any moment from the gas-works, it is also stated that auto-
matic eontrol leads to an economy in several respects. There
has been a great deal of discussion on these points during the
last few years! This is a highly technical subject, and the
remarks made here must be regarded as only of a general
character. For more detailed information the various references
given below should be consulted.

The methods of automatic control so far mentioned demand
the use of a by-pass, and therefore, although representing a
great step forward, do not constitute automatic ignition in quite
the same sense as switching on the electric light. A by-pass
requires occasional attention to guard against the possibility of
its becoming choked with dust. Again, if it is inadvertently
blown out there will be a small but appreciable escape of un-
burned gas, which goes on continuously. The amount of gas taken
by the pilot flame of an ordinary low-pressure indoor burner is
generally taken at about one-fifth of a cubic foot per hour,
although as little as one-tenth has been claimed in some cases.
When this consumption is allowed to go on continuously through-
out the day and night it may amount to a considerable amount
per annum.? In the case of multiple unit lamps, improvements
have recently been made in the direction of enabling a single
by-pass to light up several burners, thus reducing the loss of gas
to a minimum.

Eleetrie Ignition.—We may next turn to an alternative
method of automatic ignition, based on the use of electricity, in
which a by-pass is dispensed with. The application of an
electric current may be arranged both to cause the actual
ignition and to turn the cock by electro-magnetic means,

Electric ignition systems may be divided into two distinet
classes—those using a low voltage and commonly depending on
the action of a heated fine wire, and those using high tension and
employing a spark discharge. The former system has been used
with the Keith lamps, and, by the courtesy of Mr George Keith,
was first publicly exhibited by one of the authors at the Cantor
Lectures of the Royal Society of Arts in 1909. We understand
that experiments are still proceeding.

1 See Stephenson and Metzger (loc. eit.). Also Dobert, Jowr. fiir Gasbel.,
24th Dec. 1908, 20th Jan. 1909 ; Gihrum, J. f. 6., 268th May 1910 ; Brennecke,
J. f. G, 13th May 1911 ; Jour. of Gas Lighting, 29th March and 4th Oet. 1910,
30th May 1911, ete. ; Seager, Illum. Eng., New York, August 1909,

2 See The Raihway Gazette, 5th May 1911.
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The well-known Telephos system also utilises the simultaneous
control of the gas by electro-magnetic means and its ignition by
a heated wire of special composition, Eleetric ignition on these
lines is econveniently applied to lamps which must be placed out
of reach in large halls, ete. It does not appear to have come
into general use for street lighting. The supply of electricity
may be furnished by a battery of dry ecells, which, of course, run
down eventually and require to be replaced. The dimensions
and material of the glowing wire must be selected with care.!

The second eleetrical method of ignition is the so-called * jump
spark ” device.* The kindling in this case is accomplished by
means of a high-tension spark discharge, the gas being turned
on at the main simultaneously with the switch operating the
eleetric current. The general method is to use a battery of dry
cells, which feed a small induction coil. The wires from the high-
tension side of the coil are led to the burners, and must be
exceptionally well insulated owing to the high voltage of the
current they carry. Neglect of this point has led to considerable
difficulties with this method in the past, but it is now stated to
be much more certain in operation.

In passing, it is of interest to note that these electric methods
of gas ignition demand a combined knowledge of gas lighting
and electrical engineering ; there is no doubt that many of the
failures of early devices were due to the fact that the inventors
were not thoroughly conversant with both these subjects.

Lévy® describes an interesting modification of the high-tension
method employed on the trains of one of the French railways.
The source of eurrent is in this case a hand-driven magneto
machine, thus doing away with the necessity for a battery of
dry cells, which require periodical renewal.

Self-lighting Devices—Another class of automatic ignition
devices which in theory approach closest to the ideal method of
lighting up are those of the “self-lighting” class. It has long
been known that there are materials which, when prepared in a
very finely divided, spongy state, are raised to a comparatively
high temperature when placed in a stream of gas. Indeed it is
known that a mantle, or even a platinum wire which has been
previously slightly heated, can be raised to incandescence under

1 See Whitaker, Trans. Illum. Eng. Soc. U.8.4., May 1910.

* Litle, Paper readat the Second Annual Convention of the Illum. Eng, Soc.,
U.S.A., 1908 (Trans., Oct. 1908),

8 [} Eclairage & Incandsscence par ls Gaz (Supplement), p. 44.
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these eireumstances. This is apparently due to the imperfectly
understood process of “eatalytie action,” which, as we have seen,
also plays a part in electric ignition by means of a heated wire.

The idea therefore oceurred to inventors that this principle
might be utilised to cause a stream of gas to light up automat-
ically as it was turned on, and pellets of this spongy material
were therefore prepared and suspended above the burner. The
method is undeniably attractive, and devices of this kind were
shown in actual operation at the gas exhibition at Earl’s Court
in 1906, The diffieulty has been, however, that, although
they acted very well at first, the pellets soon became uncertain
in their action and eventually ceased to work altogether. This
was found to be due partly to deterioration caused by the
products of combustion, and in the “ Conus " apparatus the active
material was surrounded by an iron spiral with a view to
sereening it from these products. Other methods adopted have
taken the form of arranging for the active pastilles, attached to
fine wires, to be set in motion by the ascending columns of gas
so as to swing out of the heated zone. Another plan has been
to support the active material on rods of metals having a
different coeflicient of expansion, so that their distortion in the
heat of the flame carried the pastille away from the heat.
Grix,! in describing an apparatus of this kind, states that it was
used for 67 days, on which 443 kindlings took place without any
appreciable deterioration; this suggests that considerable progress
towards permanency has now been made.

It is also of interest to mention that Fritsche ® has suggested
the combination of this method with pneumatie control, thus
enabling a lamp to be turned on and off from a distance without
the necessity for a by-pass or eleetric ignition,

The method has also been adopted of simply coating a small
region of the mantle with active material. The latest forms of
these self-lighting mantles are said to retain their qualities for
several hundred hours or even for the whole of their normal life.

Pyrophorie Alloys. — There remains one development in
methods of ignition to be mentioned, namely, the use of pyro-
phorie alloys. A summary of the present position has recently
been given by Béhm.* Welsbach is generally credited with the

U Jour. f. Gashelenchtung, 31st Dec. 1910,

¢ Fritsche, * Pnenmatische Gasfernzindung ohne Dauerflamme,” Jour. f.
Gasbeleuchlung, 6th Aug. 1910,
 Illum. Eng., London, vol. iii. p. 503.
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discovery that a mixture of iron and cerite gives forth sparks
when rubbed, and the method has since been developed to a
much higher state of perfection.

The pyrophorie alloy, it will be observed, takes the place of a
mateh or taper. A small dise of the material is mounted in a
convenient holder, and, by drawing back a lever, is briskly rubbed
and eaused to give off sparks: when applied to a stream of gas
it causes it to burst into flame. Mateh-boxes have also been
devised on the same principle and have found extensive use on
the Continent, so much so that the Government in Franee (where
matches are a State monopoly) actually put a tax on the com-
peting pyrophoric articles. In these pocket contrivances the
release of a spring causes the lid of the box to spring briskly
open, rubbing the alloy in doing so, thus producing and igniting
a wick which is moistened with petrol. It is very curious to
observe that we have here a reversion to the old tinder-box,
which was entirely superseded by matches, only to come into its
own onece more in the twentieth eentury.

An advantage claimed for the method is that it is a very
safe means of ignition, seeing that it is distinctly difficult to
set light to any solid material by the sparks. As at present
used, however, it appears to be essentially a means of ignition,
which is applied by hand and does not appear to have been
experimented with to any great extent for distance control.
Wunderlich,! however, has described the application of the
method to a street lamp, the rubbing being accomplished by a
special arrangement of levers operated from below.

Readers interested in the subject of distance control of gas-
lights may be referred to a series of articles that commenced
in the Zeitschrift fiir Belewchtungswesen in 1909.

The question of the cost of different systems of lighting,
properly speaking, does not fall within the scope of this work.
Data on the subject are constantly published in the technical press.
‘Readers may be referred to a prolonged discussion in the Jowrnal
of Gas Lighting.?  In practice the choice of an illuminant is deter-
mined by many considerations quite apart from conventional
table of cost, and such data should be used with some reserve.

! Wanderlich, Jour, fiir Gasheleuehtung, 15th May 1909 ; see also J. f. G.,
1906, pp. 308, 400.

2 Jowr, of Gas Lighting, Nov. 21, 28, 1811, * SBome Aspects of Lighting.”
See also Competition Points for Gas Salesmen, by A. F. Bezant.,
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ConcLupIiNG REMARKS.

Changes in the gas-lighting industry are oceurring so rapidly
that it is difficult indeed to forecast what the chief directions
of progress in the next few years will be. It is clear, however,
that there are quite a number of ways in which the luminous
efficiency of existing lamps might be improved. The exact
parts played by calorific power of gas, shape of flame, rapidity
of combustion and flame temperature, preheating and the effect
of hot surfaces on combustion have been discussed very fully'
and it is possible that when these effects are better understood
very much more eflicient illuminants (quite apart from possible
improvement in the mantle) might be secured.

The almost universal adoption of the incandescent mantle
throughout Europe has brought the question of the adoption of
a calorific test, in conjunction with or even in place of an
illuminating power, to the front, and it is now used by quite a
number of the leading companies. The progress up to 1912 was
summarised in a recent paper by C. O. Bond? who has collected
the opinions of various authorities in Europe and the United
States on the subject; most of them appear to approve the
calorific test in principle and state that it has made considerable
headway in the larger cities. It may be recalled that Prof.
J. T. Morris in 1908 carried out a series of tests on incandescent
gas lamps?® and the apparent difference in the performances
with different qualities of gas led him to lay special stress on
the calorific test and gave rise to much discussion at that time.

If the preseribed illuminating power is reduced, and attention
concentrated mainly on securing a high calorific value, a gas
equally good for use with incandescent mantles may be pro-
duced, and the cost of manufacture might ultimately be sub-

! See, for example, Bunte, Jour. of Gas Lighting, 28th Sept. 1909 ; Bone,
on “Surface Combustion, ete.,” Gas World, 8th March 1909 ; Jowr. of Gas
Lighting, 6th Sept, 1810; Trans, I'nst. of Gas Engincers, London, 1911 ; St
Claire Deville, Jour. f. Gasbelenchtung, 21st Nov, 1908 ; Illum. Eng., London,
vol, ii., 1909, p. 451 ; Foreshaw, Inst. of Gas Engineers, London, 1909 ; T.
Holgate, Tllum. Eug., London, vol. ii., 1908, pp. 457, 533, 615 ; Mayer, Jour.
[ Gasbeleuchtung, 8th Oct. 1910, and other references in this chapter
previously given.

2 ¢ A Survey of American Gas Photometry,” Paper read before the St. Louis
meeting of the American Gas Institute, Prog. Age, 1st Feb, 1912,

3 ¢ Tests of High- and Low-pressure Incandescent Gasz Lighting,” Hium,
Eung., London, vol. i., 1808, p, 627,
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stantially lower. It is even conceivable that in the future it
might be possible to make gas of a considerably higher calorific
value than at present, and this might lead to a corresponding
improvement in the light given by incandescent gas lamps.
Mr W. H. Y. Webber has also suggested that in the event of
cheap supplies of oxygen becoming available, a double system
of oxygen and town gas for distribution might lead to effi-
ciencies well over 100 candle - hours per cubic foot. It is
evident, therefore, that the limits of improvement in the
luminous efficiency of incandescent gas lamps are still far
distant.

Another question that is constantly being raised is the
“hygienic effect ” of gas lighting. This may be taken to include
not only the possible influence of products of combustion on the
temperature, conditions of humidity and atmosphere of interiors,
but also the effect of the illuminant itself on the eyes. Some
careful inquiries into these subjects have been made! The
question is nevertheless still treated as an open one by contro-
versialists, and it may be suggested that a full inquiry by an
authoritative and impartial committee, on which representatives
of the illuminants concerned and hygienic experts should be
represented, would be helpful.

A feature of the development of the large gas companies
during the past few years has been the spread of the principle
of maintenance. There can be no question but that the
majority of consumers do benefit by arranging with the gas
company to undertake the upkeep of their lights. A company
can naturally undertake the work more efficiently and more
cheaply than a private individual can do. Only rarely is the
average consumer willing or able to take sufficient trouble to
maintain his burners in good condition, and he naturally lacks
the technical skill of the gas-fitter in diagnosing defects. A big
gas company, too, can naturally purchase mantles on a larger
scale and at a cheaper rate than the small consumer can do, and,
by regular testing, can ensure that the quality is up to the pre-
seribed standard.

Another advantage enjoyed by the modern consumer is that
when arranging for the supervision of his installation he can
also avail himself of the advice of the company as to the
arrangement of the lights. The leading gas companies are

! E.g. 5. Rideal, Proc. Roy. San. Institute, March 1908 ; Toogood, Medical
Magazine, Feb. 1911 ; J. Brearley, Gas World, 21st Nov. 1907.
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already making a practice of encouraging the giving of such
advice, and in the course of time will doubtless go still further
towards the formation of illuminating engineering departments
to assist consumers.

The study of the practical applications of gas lighting in
streets, shops, factories, ete., is quite as interesting as the develop-
ment of the lamps themselves. The design of appropriate
globes, shades, and fixtures for specific purposes is also now
being improved by the concerted efforts of the gas companies
and the manufacturers, although much still remains to be done in
this respect. With these matters we shall deal in later chapters.

An event of importance during 1912 was the organisation of
the British Commercial Gas Association.! This Association is
to deal mainly with publicity work, the organisation of exhibi-
tions and displays, and the establishment of a central testing
laboratory has also been suggested. It is hoped that the Associa-
tion will be the means of bringing together all those interested
in gas lighting, whether with the supply of gas or the sale of
illuminating and heating apparatus. It should therefore be of
considerable service to the lighting industry.

One other event of 1913—the National Gas Congress and
Exhibition, held at Shepherd’s Bush, London, in Oectober —
deserves mention. A full aceount of this exhibition, which in
some respects presented quite novel features, has been published
in several English journals® One of the most interesting char-
acteristics of the exhibition was the series of conferences on
important industrial and scientific topies; at several of these
conferences the discussion of illumination played an important
part.

I See Jour. of Gas Lighting, Oct. 8, 15, 1913,
2 Hiwm. Eng., London, vol. vi., Nov. 1813 ; Jouwr. of Gas Lighting, Sept. 30,
Oct. 7, 14, 21, 1913 ; Gas World, Oct. 4, 11, 1913.



CHAPTER IIL

ELECTRIC LIGHTING.

The Physics of the Incandescent Lamp—Limitations of the Carbon Filament—
Nernst, Osmium, Tantalum, Graphitised, Helion, and other Lamps—Tungsten
Lamps: Methods of Manufacture, Efficiency and Life—Early Difficulties and
Limitations — Use of Transformers, pairing and series-parallel devices — Use
of low-voltage Lamps for Hand-lamps, Motor-car Lighting, Toerches, Miners’
Lamps, ete.—Modern high Candle-power Tungsten Lamps—The Half-Watt
Lamp — The Are Lamp—Flame and Impregnated Carbons — Luminescence—
Deposit-Free Globes—Life and Efficiency —Magazine and Enclosed Flame Ares—
Arcs using Metallic Oxides—The Magnetite Are—DMiniature Ares—IProjection
Are Lamps—Vapour Lamps—Cooper-Hewitt Lamp and Fluorescent Refleetor—
** Orthochromatic™ Tungsten and Mercury Lamp Combination—Quartz Tube
Mereury Lamp—The Moore Light—Neon Tubes—Other Recent Improvements,

DurinG the last twenty years remarkable advances in electrie
lighting have been made. In this chapter only a sketch of some
of these developments can be given. The reader may be referred
to several recent books?! for fuller details on the subject, and also
to many articles to which allusion will be made in due course.

INCANDESCENT LaMmps.

The commercial incandescent lamp is generally regarded as
the simultaneous invention of Swan and Edison about 1879. At
first it was not attempted to make high-voltage lamps. The
transition from 100 to 200 volts to meet the requirements of the
station engineer proved a matter of some difficulty, and it was
some time before the life and efficiency of such lamps approached
those obtained with the low-voltage type. But a steady improve-
ment in quality took place, until a life of 800 hours was ultimately
attained and the original specific consumption of 5 watts per
eandle eventually reduced to 3-5.

[t may seem singular that for twenty years the actual

! Electrical Lawps, by Maurice Solomon; Elekirische Beleuchtung, by B.
Monasch ; Electric Iluminating Enginecring, by W, E. Barrows,

' 75
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construction of the ineandescent lamp should have remained
practically the same, especially to those who have viewed with
amazement the extraordinary progress of the last few years.
At first sight, indeed, this recent progress appears very sudden,
yet it was not really so. As Professor Blondel has pointed out in
a recent very able review of this subject,! a considerable amount
of unsuccessful pioneering work on metal filaments was done by
early investigators. It is only recently that the chemist has
succeeded in bridging the gaps in our knowledge regarding
materials for incandescent lamps, and in bringing these sub-
stances to the requisite state of purity.

There is, of course, no physical impossibility in making a
carbon filament burn at a econsumption of 2 or even 1 watt per
e.p.—for a short time. All that is necessary is to “overrun”
the lamp by applying to it a pressure considerably in excess of
that for which it is intended. The filament will then receive an
abnormally high current and will glow more brilliantly. Un-
fortunately, however, it will only do so for a very limited time,
for under these ecircumstances the carbon filament vaporises,
blackening the bulb and disintegrating very rapidly. It was
therefore assumed that what was necessary was to find a
refractory material with a very high melting-point, and, as a
matter of fact, the earliest attempt at improvement on the carbon
filament lamp—the Nernst lamp—was a step in this direction.

Now, a high melting-point may be a desirable quality in a
filament. Yet it is now recognised that this slow volatilisation
of ineandescent carbon becomes evident at a temperature far
below the estimated melting-point. It appears, then, that it is
mainly this slow preliminary volatilisation that we must
endeavour to avoid. The success of the more durable filaments
now available seems to be due largely to their good qualities in
this respeet. They can be run at a temperature considerably
above that utilised in the carbon-filament lamp without under-
going deterioration to anything like the same extent.

An interesting review of possible materials for the manu-
facture of glow-lamp filaments was given by Mr J. Swinburne in
a paper before the Institution of Electrical Engineers in January
1907. As mentioned previously, the possibility of using certain
metals had oceurred to several early experimenters in this field.
Yet the inclination to search for more refractory materials than
carbon finally led in the opposite direction, a material which was

! Paper read at the International Electrical Congresslin Marseilles, 1908,
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actually a worse conductor of eleetricity than carbon being
utilised in the Nernst lamp.

The Nernst Lamp.—The Nernst lamp, which was introduced
about 1897, deserves the credit of being the first practical
attempt to substitute some other incandescent substance for
carbon. The actual filament consisted of a rod composed of
certain rare oxides (zirconia, yttria, erbia, ete.). In the cold
state this rod is non-conducting, and it was therefore necessary
to introduce into the lamp a subsidiary heating coil which
warmed it up sufficiently for conduetion to begin, causing the
lamp to light up. When this occurred the heating coil was
automatically cut out of circuit by a small eleetro-magnetie
arrangement, usually mounted in the holder of the lamp. It
was also found to be neecessary to compensate for the extreme
sensitiveness of the filament to change in pressure by placing in
series a special iron-wire steadying resistance.

It was found possible to make lamps which would run, with a
consumption of only about 15 to 2 watts per ¢.p., for a life of over
400 hours—a remarkable advance beyond the greatest efficiency
attained with carbon filaments. In the case of high candle-power
lamps even better efficiencies were attainable,

The lamp, however, was subject to certain disadvantages,
which have led to its being superseded by the newer metallic-
filament lamps. Its complexity is inconvenient, and the number
of component parts increases the possibility of failure. Another
drawback is the fact of its being necessary to wait for at least
10 to 15 seconds while the filament is reaching a conducting state
before the lamp lights up. In addition, the Nernst lamp was not
recommended for use on alternating current circuits.!

The Osmiuwm Lamp.—The Osmium lamp was introduced
about 1898 by Auer von Welsbach, the inventor of the incan-
descent mantle. The lamp is now chiefly of interest historically
as the first practicable metallic-filament lamp of recent date.
Its development was hindered by various difficulties in the
manufacture, including its brittleness and inability to make
lamps for higher pressures than fifty volts. The metal osmium
has been superseded by other more convenient and cheaper
materials to-day.

Iridiwm and Zireoniwm Lamp.—Experiments have been
made with these metals. They have been confined chiefly to

I For a detailed account of the theory of the Nernst lamp see Electric
Lamps, by Maurice Solomon, chap. vi.
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filaments of low voltage for motor vehicles, ete., and, like the
osmium filaments, have now been practically replaced by
tungsten lamps.

The Tantalwm Lamp.—The Tantalum lamp was first intro-
duced by Messrs Siemens Bros., as a result of the researches of
von Bolton. As the name suggests, the filament is composed of
the metal tantalum, in the form of drawn wire. The consump-
tion of the lamp varies from about 16 to 22 watts per candle,
according to cireumstances, and the life is generally given as
about 800 hours.

The fact of drawn-wire filaments being used has been a great
advantage as regards durability, for the filament can be wound
on a spiral, and, owing to its ductile nature, is not easily damaged
by shock.

One disadvantage of the tantalum lamps is that the results on
alternating current are apparently not so satisfactory as on direect
current ecireunits. The alternating current has the effect of
causing filaments to become crystalline, and so assume gradually
a curious disjointed condition which shortens their life. This
effect has been studied by Scarpa® and others. According to
one theory the crystallising phenomenon is due to the continual
trembling caused by the attraction of adjacent filaments on one
another.

Graphitised Filaments,—A remarkable development in
incandescent lamps, which would have no doubt received much
greater attention had it not been for the coming of the more
efficient metallic filaments, is the graphitised filament used in
the “ Gem ” lamp and developed in the United States as a result
of the researches of Mr Howell? Filaments so produced give
a satisfactory light with a consumption of only 25 to 3 watts
per candle. The life of these lamps is given as 1000 hours, and
the fact of their being manufactured for high voltage and low
candle-power was a great advantage. Moreover, the filament is
little longer than the ordinary carbon one.

Various forms of Lamps—Before proceeding to the so-called
tungsten lamp, a brief reference may be made to several attempts
in other directions which constitute interesting departures but
have not yet led to commercial results,

Carbon filaments, composed of special homogeneous soot,
produced by the carbonisation of vegetable oils, Chinese ink, ete,,

U Atte della Assoe, Elettroteeniea Italiana, Jan.-Feb. 1909,
* Proc. Am. I. E. E., xxiv. p. 617, 1905.
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have been made by certain German inventors.! Their experi-
ments led them to expeet a useful life of 1000 hours with a
consumption of only 1 watt per candle. These researches are
interesting in view of the fact that some authorities are still
inclined to think that the incandescent lamp of the future may
utilise an improved form of carbon filament.

An attempt has been described by Hopfelt * to improve the
efficiency of carbon filaments by burning them in an atmosphere
of mercury vapour. It is claimed that the high pressure of the
latter reduces the tendency to disintegration on the part of the
filament and enables the lamp to run at a consumption near 1'5
watts per candle. A complete study of these lamps has been
published by U. Bordoni, who found, however, that the samples
examined had but a small life?

Another departure which has attracted much attention is the
Helion lamp brought out by Parker and Clark in the United
States. The filament of this lamp is supposed to consist mainly
of silicon, which is deposited by a special method on a carbon core.

For this lamp it is claimed that a life of over 1000 hours, at an
efficiency of 1 watt per candle-power, coupled with practically
no diminution in intensity, is obtained ; at the same time all the
advantages of a high-resistance filament are said to be secured.
But the lamp has not yet been introduced commereially.*

Tungsten Lamps—We now come to the most widely known
form of metallie-filament lamp of the present time—that utilis-
ing a filament of tungsten. There are very large numbers of
such lamps on the market called by different names and
made by several distinct processes. The materials used arve
believed to be subject to slight modifications in the case of
different firms, but it seems that the metal tungsten is the chief
ingredient. A very large number of patents has been taken out
in this field, and the processes of manufacture are too complicated
for anything but a very brief reference here. Readers interested
in the matter may be rveferred to the papers by Professor Blondel °
and the recent work by Maurice Solomon, and to the articles by
H. Weber and Dr Jacobsohn® in The [llwminating Engineer.

L Ritterburg and Hermann, Zeitschrift f. Beleuchiungswesen, 30th Dec. 1908,
* Flektrotechnische und Zettschrift, vol. xxix., 8th Oct. 1908, p. 994,

3 At della Assoc. Italiona, March-April 1909,

4 Elee, World, 5th Sept. 1908,

& Loe. cif.

& Ium. Eng., vol. i., 1908, pp. 297, 395, and 463.
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Some information will also be found in the newly published
work on The Development of the [necandescent Eleetric Lamp by
Mr G. B. Barham.

A recent advance—the first firm to adopt it in this country
being the British Thomson-Houston Company —consists in draw-
ing out tungsten wire in the same manner as the tantalum
filament. Lamps made on this principle are now supplied by
several firms. By this method a very substantial gain in
strength and durability appears to be obtained.

By using the metal tungsten a consumption, under favour-
able conditions, of only 11 to 12 watts per c.p, and a life
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Fia. 31.—8howing useful life of tungsten filaments
at various specific consumptions (Remand).

exceeding 1000 hours, may be obtained. It may be said, however,
that it is not always possible to secure uite such good results
as these in practice.

As was explained previously, there is no actual difficulty of
obtaining a consumption of even less than 1 watt per ep.
in the ordinary carbon filament, but, as a result, the reduction
of the life of the filament is so great that it is impracticable to
do so. Fig. 31, which is based upon some results published by
Remané,! shows the life obtainable at that date from tungsten
filaments run at various specific consumptions. Somewhat
better results have doubtless been secured sinee then, and, as will
appear shortly, we are now promised special high candle-power
lamps, consuming only half a watt per candle. But as yet it

! Paper read before the Verb. deutsch. Elektrotechniker, 1908.
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does not seem possible to produce lamps of small candle-power
with such an efficiency as this.

The faect of a metal being used instead of a non-metal for the
manufacture of these filaments gives rise to several peculiarities.
In the first place we find that the change in light caused by a
certain percentage change in pressure is distinetly less: whereas
a change in voltage of one per cent. brings about an alteration of
6 to 7 per cent. in the light from a carbon filament, the correspond-
ing change for a metallic filament would only be about 35 to 4
per cent. Fig. 32 summarises
the results obtained by various L {0
authorities on this point. i 7 T T |

Another econsequence of
using a metal filament is that
the resistanee when hot 1s con-
siderably greater than when
cold, whereas with a carbon
filament the reverse is the case. |
As & result, there is a sudden il
rush of ecurrent (in some cases ! _ _
apparently as much as eight s b
times the normal v&lue} when Fie. 32.—Variation in candle-power due
the Jump s switched on. The fesghenvarisioninolues orcarton,
filaments must therefore be
stout enough to withstand this
high momentary initial eurrent; otherwise the lamp tends to
burn out at the instant of switching on. This is one factor that
makes it difficult to manufacture lamps of high voltage and low
candle-power,

The process of making tungsten filaments was at first beset
by many difficulties, and remarkable perseverance and skill has
been exercised in overcoming them. Most of these obstacles
arose through the fact of the material having such a low
electrical resistance in comparison with carbon. In order to
make lamps which would consume a reasonably small current
on the ordinary pressures in use, it was necessary to employ
both a very thin and a very long filament. For example,
the production of 110-volt 25-c.p. tungsten lamps required
a filament only 003 millimetre in diameter, whereas the
corresponding carbon lamp would have a filament 015 mm.
thick.

At the present time lamps taking 240 volts, and stated to
i}

8

Pereenfege Varfation In Crundles

{Bohle, Jiltwm. Hny., London, vol. i p. 387.)
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consume only 20 watts, are on the market, and the filaments are
thinner even than the above.

Naturally, the first lamps proved to be extremely fragile and
frequently broke in transport, but these difficulties have now
been overcome to a large extent, and the newjdrawn-wire process
seems to give a still stronger lamp.

There were other obstacles. For example, it was highly in-
convenient to mount such a long length of filament within a
bulb of reasonable size, so that the lamps first put upon the
market, and especially those for high pressures, were undesirably
long. Again, it was found that they could only be used in
hanging vertical positions; otherwise the hot filament tended
to sag and ultimately to short-circuit,

In addition to these defects, it was at first only possible to
make lamps for low voltages. At a meeting of the Royal
Society of Arts on Tth Feb. 1906, a metal-filament lamp, giving
30 candles and working at 37 volts, was shown publicly by one
of the writers for the first time in England. 1In spite of the low
voltage for which it was made, this was considered a remarkable
advance, and the possibility of a metal lamp consuming only
about 1'2 watts per e.p. came as a revelation. It was considered
highly improbable that such lamps could ever be made for 200
volts. Yet only one year afterwards, at a meeting of the Insti-
tution of Electrical Engineers on 10th Jan. 1907, a 32-c.p. 220-
volt lamp was shown by one of the writers,

Again in 1909, in the course of the Cantor Lectures before
the Royal Society of Arts, it was mentioned that 100-volt
tungsten lamps had already been produced in the United
States, and a 100-volt 16-c.p. lamp followed shortly after. To-
day 200-volt 20-watt lamps are actually on the market.

This gradual transition from low voltage high candle-power
to high voltage low candle-power has, on the whole, been very
fortunate for the electric lighting companies. For had it been
possible for everybody to obtain the same light as before, with,
say, one-third of the eurrent, the sudden reduction in revenue
would have been a very serious matter.

Before it was possible to obtain high-voltage lamps of
moderate eandle-power, other somewhat inconvenient expedients
were adopted. For example, it was usual to “pair ” lamps, i.c.
to install two 100-volt lamps side by side in series on a 200-volt
eircuit. Ewven now, when high-voltage lamps arve available, this
method is still sometimes met with. It has, however, some
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distinct disadvantages. When one lamp gives way the consumer
is not, as a rule, careful to select another one of identical make
and consumption to replace it. The consequence is that one
not infrequently sees one lamp burning very brightly and the
other very dim, and this naturally leads to premature break-
down.

The need for such expedients is now passing away, but it is
still true that a 100-volt lamp will in general give better results
than 200-volt lamps of the same consumption. The useful life
will be better and the filament stronger. It will also usually
be found that these high-voltage low candle-power lamps work
at a consumption nearer 15 than 1'2 watts
per candle. When alternating current is
available, the use of a transformer 1s still
advantageous in many cases. For example,
on a 240-volt eircuit one transformer step-
ping down to 50 volts may be used for a
single house or even for a group of houses.
Small transformers have sometimes been
built into a chandelier, and even into a
lamp-holder, in the manner shown in fig. 33.
Quite recently Professor Ashton has advo-
cated the use of a condenser instead of a
transformer on alternating lighting current G
cireuits.! Fic. 83.—Small trans-

Transformers are particularly applicable {On'*erb“i!t into lamp-

; : . : : wlder for use on an
to illaminated signs. For in this case all the  ordinary  alternating
lamps of which the sign is composed are SUPPLY
switched on together, and the transformer need therefore never
be running on light load. M. Weissman has devised an ingenious
method of using small-voltage lamps for signs even on a con-
tinuous current cireuit. Lamps are arranged in series-parallel.
In these circumstances, if cne lamp gives way an extra current
merely flows through the adjacent lamps and the current is not
in any way interrupted.

The ease with which low-voltage metallic-filament lamps ean
be manufactured has proved of great assistance in connection
with the lighting of motor cars. Miniature carbon-filament
lamps for such pressures as 4 to 16 volts were not very sucecessful,
owing to the very short length of filament that had to be used,
But the low conductivity of the metallic filament is here a

! Paper read before the Institution of Electrical Engineers, May 1912,
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distinet advantage, and within the last few vyears there has
been almost a revolution in electric lichting for motor-driven
vehicles. Even the pocket battery “torech” has become quite a
practicable device ; and portable hand- and miners’ lamps, fed by
a small battery, are now very usual. As an instance of the
vogue of electrical miners’ lamps, it may be mentioned that in
1912 the Home Secretary in Great Britain organised a competi-
tion for the best lamp of this kind, prizes to the value of £1000
being awarded.

The metallic-filament lamp has proved to have distinet
advantages in the opposite direction. While it is difficult to
make high-voltage low candle-power lamps, it is much easier to
make high candle-power units than in the days when only carbon
filaments were available. Tungsten lamps yielding 500 and
even 1000 c.p. are already on the market, while the 200-c.p. types
have been most serviceable in providing a unit intermediate
between the carbon-filament lamp and the arc lamp. The fact
of being able to obtain these high candle-powers with a moderate
consumption, and without its being necessary to give any
attention in the form of renewing ecarbons, as in the case of
arc lamps, has led to these lamps being largely used for display
purposes and for side-street lighting.

A distinet stimulus has also been given to indirect lighting,
since the inevitable loss of light by absorption is now of less
moment. It may be mentioned also that in these high candle-
power lamps the tungsten filament burns under exceptionally
favourable conditions. According to Libesney, it has now been
found possible to secure a life of 1200 hours with a consumption
of only -85 watt per candle (Hefner)., Until recently the life
of a lamp running under these conditions would have been little
more than 100 hours.!

The coming of the metallie-filament lamp has also been the
means of stimulating an interest in illuminating engineering.
In the first place, the gain in efficiency has led people to acquiesce
in the desirability of effective shading, since the small loss of
light so occasioned is now of less consequence. Then, again, it
is recognised that the distribution of light from the tungsten
filament, in its usual shape, makes some form of shade, globe, or
reflector a practical necessity in order to direct the light where
it is needed. Figs. 34 and 35 illustrate the comparative distribu-

I Paper presented before the Vereinigung der Elektricitatswerke, Magde-
burg, June 1911.
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tion of light from a carbon-filament and a tungsten-filament
lamp. Although in the case of the earbon lamp only about
40 per cent. of the horizontal eandle-power is received immediately
below the lamp, where it is mainly required, the percentage of
the light so received is far less in the case of the metallic
filament. A third circumstance working in the same direction
is the fact of the brilliancy of the tungsten filament being so
much greater. This has served to drive home the principle
(whieh really applied to carbon filaments to a lesser extent) that
the best results are obtained from incandescent lamps when they
are provided with an appropriate globe or reflector, screening
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Fig. 84.—Distribution of light from Fie. 35.—Distribution of light from
carbon filament. tungsten filament,

the actual source from the eye and directing the rays of light
where they are most needed.

[Since the above words were written, it has been found
possible, by a new departure in the design of metal-filament lamps,
to make high candle-power units of 300 to 3000 c.p., consuming
only 0-5 watt per candle. The life is anticipated to be 800 hours.
The filament is wound in a compact stout spiral, which glows
not in vacuum but in an atmosphere of inert gases. Nitrogen
appears to be mainly used at present, but it is possible that other
gases, such as argon, may prove advantageous. It appears
that by this means the rate of volatilisation of the filaments can
be much impeded. Another deviece which helps to check the
diminution in candle-power is the use of convection currents,
which carry away the particles emitted from the filament,
causing them to deposit in the neck of the lamp, where the
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blackening has little obstructive effect on the light. The bulbs
carrying these filaments have a long glass neck, so that the
filament is a considerable distance from the cap. The obstruction
of the latter is therefore small, and the polar curve with the
usual form of bunched-up filament would approach nearer to the
cirele.  With stout filaments of this kind it should not be
difficult to obtain what is practically a “point source.” It is
understood that low-voltage half-watt lamps of small candle-
power could be constructed, but it will probably be some time
before such lamps are available at ordinary pressures. Mean-
time, it seems probable that history will repeat itself, and that
on alternating circuits small transformers may come into use, just
as in the early stages of the ordinary tungsten lamps. This
method might have advantages for some special classes of work,
¢.q. for einematograph lamps, ete.

It is too early as yet to speak of the future of these lamps,
but there seems little doubt that, if expectations are justified,
they will have a great influence on many fields of lighting.]

Arc Lamps.

The arc lamp is essentially a more complicated apparatus
than the incandescent lamp. Possibilities of improvement lie
not only in the manufacture of the actual light-giving agents, the
electrodes, but in the design of the regulating mechanism as well.
This last section of the subject cannot be discussed in any detail
in the space at our disposal. Readers may be referred to several
works that have recently been published dealing more or less
fully with modern arc-lamp mechanisms.!

Until quite recently the are lamp, like the incandescent lamp,
seemed to have reached its final stage of development. A choice
was available of two forms of lamps respectively of the “open”
and “enclosed ” type. Both utilise electrodes consisting of more
or less pure or only slightly “treated” carbon. In both cases a
compromise between two conditions had to be made. In the
open arc lamp no restriction was placed on the access of air to
the carbons, which therefore burned away somewhat rapidly, but
yielded a ecorrespondingly high luminous efliciency. Under
favourable conditions a consumption of energy of only 1 watt
per mean spherical candle-power could be obtained (with a clear

U Das Blektrische Bogenlicht, by W. B. v. Czudnochowski ; Electric Are Lamps,

by J. Zeidler (1908) ; The Application of Adre Lamps to Practical Purposes, by
Justus Eck (1910).
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globe), but it was difficult, without special and somewhat
cumbersome contrivances, to design a lamp which would burn for
more than about 10 to 15 hours without it being necessary to
renew the carbons.

In the case of the enclosed arc lamp the arc burns in a
confined space, so that fresh air does not readily get access to the
carbons and their oxidation
is reduced to a minimum.
Such lamps will burn for 100
to 150 hours without reear-
boning. This improvement
in the life of the ecarbons,
however, naturally leads to
a certain sacrifice of effie-
iency, which is augmented
when an outer globe is used
in addition to the inner one
enclosing the carbons. The
speeifie consumption of such
lamps may be as much as
1'5 to 2 watts per e.p.

Until recently all com-
mercial are lamps utilised
vertical earbons, one above
the other. In the ares re-
ferred to the greater part of
the light comes from the
incandescent carbon, in a
manner very fully deseribed
in Mrs Ayrton’s well-known Fie. 36.—Curve showing maximum distri-
el R S’L’lbj bl Wiken F‘;[‘lfﬁ?m-?f light from ordinary d.e. arc
an alternating ecurrent is
used a brightly incandescent spot is formed on both carbons.
With a continuous current, on the other hand, the great majority
of the light comes from a vividly incandescent spot termed
the “erater” at the extremity of the positive carbon.

It was shown long ago by Mr A. P. Trotter * that the explana-
tion of the shape of the polar curve lay in the shadow cast by
the negative carbon. But for this, the curve would be approxi-
mately a cirele, as shown in fig. 36, and the maximum intensity

! % The Electric Are,” by Mrs Hertha Ayrton.
¢ Proe. Inst. Elect. Eng. London, vol. xxi., 1892,
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would be immediately below the are. In consequence of this
property of the direct current carbon are it has been usual in
practice to adopt either of two methods. We may make the
positive erater the upper one, so as to direct the great majority
of light downwards. This is, of course, the more general plan.
Or, as an alternative, we may deliberately put the positive
carbon underneath in order to direct the light upwards on a
white diffusing surface, such as the ceiling of the room, whence
it is reflected in all directions. This constitutes the so-called
“indirect” system of lighting. The formation of a crater on
the positive carbon is also a great advantage when an are is used
for lanterns and projection purposes—so much so that when
only alternating current is available it is customary in the case
of cinematograph entertainments to introduce a motor generator
in order to transform to continuous current. Apart from this the
alternating eurrent, in leading to the sueecessive formation of a
crater on each earbon in turn, causes an appreciable fall in
temperature, so that the efficiency of alternating are lamps with
ordinary carbons in general falls below that obtained with direct
current. It also appears that the form of wave of the alternat-
ing current supply affects the efficiency. The use of a choking
coil in preference to a series resistance is stated to be beneficial,
in some cases an economy of 36 per cent. being secured by this
means.!

“Flame” and Impregnated Carbons.— Many substantial
improvements have been made in the carbon arc lamp. The
tendency to flicker which is sometimes experienced arises partly
through impurities and want of uniformity in the carbons and
partly through defeets in the regulating mechanism, and in the
best forms of lamps both these weaknesses have been greatly
mitigated. Much experimental work has also been devoted to
improving the luminous efficiency of the carbons by impregnat-
ing them with suitable solutions, or by mixing certain ingredi-
ents with the earbon in the form of fine power. Prof. S. P.
Thompson has mentioned that so long ago as 1878 he was
making researches in this direction, and one of the authors
approached him on the subject about 1896. Ordinary carbons
were sliced into two halves. One half was treated with im-
pregnating solutions, the two portions were bound together
again, and an are was struck. It was then evident that the
part of the erater resting on the impregnated carbon was much

! Hllum. Eng., London, vol. iv., 1911, p. 270.
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the brighter.! However, at that date no manufacturer in this
country could be induced to take the matter up.

To-day mineralised and treated carbons are a feature in
many of the most efficient lamps, but perhaps the most radical
departure has been the introduction of a core composed of
special chemical materials in the so-called flame carbons. In the
flame are lamp a radical change was made by abandoning to some
extent the principle of utilising an incandescent solid. Whereas
in the older form of are practically all the light came from the
incandescent carbon on the crater, in the flame are lamp it is de-
rived mainly from a bridge of highly luminous vapour, sometimes
three-quarters of an inch long or more. In a later chapter some-
thing will be said regarding the distinction between the effects
of * luminescence ” (7.e. the production of light by the free vibra-
tions of gases and vapours) and the incandescence characteristic
of the crater of the carbon are. For the moment it may be
said that the chief feature of such radiation is the production
of light-giving line-spectra, and of a colour somewhat removed
from what is generally considered “ white light.” In the case of
most flame arcs a strong yellow or orange tint is secured by the
presence of several vivid lines in this region of the spectrum.
This in part explains the high luminous efficiency of sueh
sources,

The first experiments with flame carbons were unsuecessful,
mainly because it was not recognised that the physical conditions
were entirely different from those met with in the carbon are,
and that the regulating mechanism must be designed accordingly.
In addition to this, it was found that when vertical carbons were
employed a non-conducting slag tended to form on the electrodes
and interrupt the are, and that a slight lack of uniformity in
the chemical core greatly prejudiced the evenmess of burning.
The fumes produced from the are were also troublesome, and in
some cases were allowed to enter the chamber containing the
regulating mechanism, causing corrosion.

Nowadays these difficulties are successfully avoided. Tt is
possible to design carbons which yield a highly luminous flame
yet can still be burned in a vertical position. But it has become
usual to employ inclined carbons in the manner shown in
fig. 37, a method which has several distinet advantages.

In the first place, it will be seen that there is now no obstacle
to the downward direction of the light, and the shadow caused

v Jour. of the Inst. of Elee, Engrs., vol. xxvii,, No. 138, pp. 184-185, 1898,
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by the negative carbon therefore disappears. An important
factor in the action of most flame ares is also the introduction of
an electro-magnet somewhat above the are, which serves the
purpose of repelling the bridge of luminous conducting vapour
and ecausing it to assume a
fan-like shape.

In the second place, the
tendency to the formation of
a permanent deposit of slag
is considerably lessened.

The Bremer flame are
lamp, which appeared about
the commencement of the

N /] present century, produced
== quite a sensation on aceount

*19. &7, —Inoined famevazboniin. of : fhe wunmsual colonr and

' distribution of light, the high

candle-power, and the original nature of its design. It has
been followed by many other forms of flame ares also using

< )
_.
F1c. 38.—A general view of FiG. 38A.—Corresponding polar curve of
Excello fame are lamp. light distribution,

(The candle-power of a 10-amp. are is stated by the manufacturers to be as follows :
Mean hemisph. c.p. =1736 ; mean sph. c.p. =3100.)

inclined carbons. In fig. 38 we give a general view of a typical
Excello are lamp and a eurve showing the distribution of light.
It will be observed that the use of inclined carbons favours a
strong downward component. It is, however, sometimes desir-

T P S S
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able to modify this curve for street lighting by using a prismatie
globe, intensifying the light at an angle slightly below the
horizontal (see Chapter VIIL).

The luminous efficiency of such lamps represents a marked
advance beyond the best results attainable from ordinary
carbons, a consumption of less than 03 watt per mean spherical
e.p., or 0115 watt per mean hemispherical e.p., being claimed for
the very latest types.

The tendency to deposition of fumes on the globe, with a
resultant obseuration of the light, has also been substantially
overcome. For example, the Union Electric Co. has embodied

Fig. 39.—Showing appearance of Excello are lamp after burning 10 hours,
with and withont deposit-free cover.

in the Excello lamp a form of clear inner globe which conducts
away the fumes and enables them to condense harmlessly
outside the inconvenient area. If a lamp unprovided with
this inner globe is allowed to burn for 100 hours without the
globe being cleaned the obscuration becomes very evident. But
it is claimed that a lamp equipped with the ventilating inner
globe is not appreciably affected. Fig. 39 provides an interesting
comparison of two such lamps.

Blondel has remarked that in the case of lamps using inclined
electrodes a central chemical core of chemical material is almost
invariably used. But in the case of lamps using the upright
carbons a different method is usually adopted. The highly
efficient earbons devised by Blondel! himself are stated to con-

1 I. Ladoff, “The Blondel System of Arc Lighting,” Illwm. Eng., New York,
vol. ii., 1907-8, pp. 18, 128, 200,
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sist in an outer ring of pure carbon surrounding one or more
concentrie rings of mineralised material inside. Such carbons
have been utilised with excellent results for street lighting in
Berlin and elsewhere, and the same prineiple is employed in the
Crompton lamps introduced in this country. It is claimed that
the rapid consumption characteristic of flame carbons is con-
siderably less with electrodes of this description, and the specific
consumption of the lamp appears to be exceedingly low—about
02 watt per mean sph. c.p. A feature of the “ Alba” carbons
used in the lamps employed in Berlin is the brilliant white light.
Mr Maurice Solomon! has recently given the following
figures for several well-known forms of flame are lamps :—

T . ‘Watts per Mean|Watts per Mean
Type of Lamp. Watts. Sph. c.p. Hemisph, c.p.
Excello . A : : . 450 0-276 0145
Angold . : . : ; 435 0313 0159
Jandus . . : : . 357 0458 0374
Crompton-Blondel . : : 396 0178 0-095

It may be observed that the very high luminous efficiency
yielded by the flame carbons is offset by one difficulty—the rapid
wasting away of the carbons. In the case of the lamps first
introduced the life of the carbons frequently did not execeed about
6 to 8 hours. Even this result was only secured by using exceed-
ingly long carbons, and the great over-all length of many lamps
is still a drawback. But improvements are being made. In
the case of the Excello lamps, for example, the life of a single
pair of carbons is given as about 10 to 18 hours, according to type;
while by using two pairs burning consecutively in the same
lamp it is stated to be possible to secure a life of 34 (or in a very
still atmosphere even 42) hours without recarboning.

An extension of this principle was introduced in the
Oriflamme magazine lamp, in which a series of carbons are
brought into use successively as soon as each pair is consumed.
In the Gilbert lamp recourse was had to the method of burning
a number of carbons side by side simultaneously. Yet another
form of magazine lamp, the Angold, uses nine pairs of carbons
in suceession, a burning life of 80 hours being stated to be
obtained thereby.

! Paper read before the Inst. of Elec. Engrs. (local section), Electrician,
May 3, 17, 1912.
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Enelosed Flame Ares—Another possible method of over-
coming the objection of the short life of flame carbons is to
enclose the are. In the case of the ordinary carbon are this
device has proved its utility, and in the United States, where

g

Fi6. 40, —General view of Jandus
enclosed flame are lamp.

1000 2000 3000 000}

F1g. 408, —8ectional view of Jandus enclosed flame
are, showing details of construction.

i@, 40A.—Polar curve of light distribution
from Jandus enclosed Hame are lamp.

labour is comparatively dear, this form of lamp was almost
exclusively employed at one time. Seeing that such a very
high efficiency had been secured by using flame carbons, it
appeared well worth to attempt to apply the same method in
order to secure longer burning hours. There were, however,
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certain obvious difficulties, notably the tendency for the fumes
to condense in the confined space and rapidly obseure the globe.
Special provision was therefore necessary to cause them to
deposit elsewhere,

In the Jandus Regenerative are, a somewhat original method
was adopted. The vertical carbons are enclosed in a clear glass
cylinder surrounded by a second (usually opaline) globe. The
space between these two vessels acts as a heat-insulating jacket
and eauses the air inside the eylinder to be maintained at a very
high temperature, such that no deposition of solid material
occurs. At the sides of the lamp are two symmetrically placed
ring-like receptacles in eommunication with the centrai glass
cylinder. The heated gases ascend and stream intc these metal
tubes, where the solid suspended matter is deposited, and are
then sucked in again at the base of the chimney, and the cycle
of operations continues. It will be seen that fresh atmospherie
air cannot enter the vessel containing arc, so that the oxidation
15 reduced to a minimum, and 1t is stated that the circulation of
the hot vapours, already saturated with chemical products, also
serves to diminish the wasting of the carbons. Lamps taking
3, 5, and 8 ampéres respectively are available. It is elaimed
that they will burn for 70 to 120 hours, according to the current,
without recarboning, and that a specific consumption of only 02
watt per mean hemisph. e.p. is obtained.

Prof. 5. A. Rumi?! and Sig. A. Pugliese ® have deseribed a new
form of carbon arc lamp which is practically enclosed and uses
vertical impregnated carbons (e.g. of the “T.B.” variety). This
is stated to burn for 80 hours without requiring trimming, and
the method of avoiding deposition of fumes is of interest. The
general appearance of the lamp is shown in fig. 41. The upper
part of the globe A is lightly opalescent, the lower part B is
pear-shaped and composed of milky glass. The globe is pressed
tightly against a metal plate surmounting the carbon holder.
The temperature of the upper portion of the globe is very high,
and no condensation oceurs in this region. The heavier pro-
ducts of combustion sink gradually into the cooler portion B,
and therefore their deposition only slightly affects the light from
the lamp. A certain portion of the lighter products pass slowly
into the cool ringed space C and some emerge eventually through
the holes at A. The fumes cannot find their way into the en-

L Ilwm. Eng., London, vol, iv., 1911, p. 271.
= Atz della Assoc. Elsttroteendea Ttaliana, March 1911, p. 151.
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closure containing the regulatine mechanism : lamps taking
respectively 8, 10, and 12 ampéres are available, and the specific
consumption is given as about 0-34 watt per mean hemisph. e.p.
Several forms of enclosed flame are lamps (e.g. the Abbey type)
were exhibited at the Electrical Exhibition in London in 1911,
but not much has been published about them as yet.

Ave Lamps using Metals ond Metallic Omides—A con-
siderable amount of work has been done on the use of metals

ey

i

Fic. 41.—Carbone enclosed flame are, Fic. 41a.-—Diagram of Carbone
flame arc lamp.

and their oxides for are lamp electrodes. Readers may be
referred to an instructive series of experiments on mixtures of
aluminium, titanium, chromium, and other oxides carried out
by Dr B. Monasch,! who also gives a list of references to the
researches of Blondel, Steinmetz, Whitney, and others. Useful
compilations have also been made by I. Ladoft®

It would seem that the only commercially practicable form of
lamp of this kind is the magnetite or so-called “lumiimu:-;”‘:a_l"i;
lamps so widely used in the United States. The characteristic

! Illwm. Eng., London, vol. 1ii., 1910, pp. 253, 304, 427,
2 Illum. Eng., New York, vol. i., 1906-7, pp. 621, G12.
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of this form of lamp is that the negative electrode consists in
a mixture of the oxides of iron, chromium, and titanium, en-
closed within a thin iron shell. The constitution of the positive
electrode is immaterial, and usually consists in a slab of some
good conductor such as copper. The physical problems met
with in connection with ares struck between metals and their
conditions of stability have been very completely worked out
by Steinmetz, It appears that the temperature of the electrode
- has very little bearing on the
' efficiency, and it is this eircum-
stance that is mainly respon-
sible for the very slow rate
at which the electrode burns
away. The blast of vapour
from the negative electrode
takes the form of a brilliant
white wvertical column about
1 inch long, and the specific
consumption is stated to be
about 06 to 08 watt per
IR mean sph. ep. It is necessary
o to make a compromise between
high efliciency and life of elee-
trodes, which can be done by
varying the percentage of the
constituents if the electrodes
are mixed. The ordinary lamp
| W ~, consumes about 4 E.l]‘lpl“l‘ﬂ'.‘w' and
Fi¢. 42.—Gencral view of magnetite are,. 10 Volts, and one negative elee-
trode is stated to last for about

150 to 175 hours. The positive only wastes away very slowly.

By the courtesy of the British Thomson-Houston Co., we
reproduce in fig. 42 a view of this lamp, showing the general
appearance and nature of the electrodes,

The long white are between vertical electrodes is considered
to he e*c:,{,ptm:mllv serviceable for street lighting. The action
of the lamp renders it essential to employ direct current, and
when only alternating supply is available an electrolytic rectifier
is commonly used. The long interval for which the lamp will
burn without renewal of the eleetrodes is a great asset in the
United States, where labour is dear, and the lamp appears to
have replaced the ordinary enclosed carbon are to a very great

“eepeR [LECTRODE
LSEFUL LFE ‘:ID[I;’?'CW HOES:
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extent. A difficulty that has sometimes been experienced with
these lamps is a tendency to flicker and “dim spells.” According
to Litle this can be explained by following out the analogy with
an ordinary combustible flame. The magnetite flame tends to
“soot " in the same way, and consists in several distinet more or
less luminous zones. In general the brightest part of the flame is
situated at the negative end, and he therefore recommends
making the negative electrode the upper one, and providing a
suitable down draught to steady the flame. By this means the
intensity of the light in a downward direction is improved and
the inelination of the flame to form an envelope of soot is lessened,
Litle also mentions that there are apparently some materials
which act towards titanium oxide in the same way as cerium
oxide towards thorium oxide in the mantle. They apparently
cause the titanium oxide to give more light without being light-
producers themselves. It is hoped by this means to improve
still further the luminous efficiency.!

Improved Enclosed Ares and “ Miniature” Ares.—Another
direction in which progress has been made is in the design of
small enclosed carbon ares of improved efficiency (“ Sparbogen-
lampen ™). This is due partly to suitable selections of the
carbons, and partly to the recognition that better results are
obtained by allowing a small access of air, and not aiming at an
extremely long extension of the burning hours. German lamps
of this kind consume about 3 to 7 amperes and give about
05 to (-7T5 watt per mean hemisph. c.p., according to type. With
the lower of these consumptions the period Df burning would
probably be from 25 to 40 hours.

Rosemeyer has described the Regina, Reginula, and Helia
lamps of this class. With the former a consumption of only 08
watt per mean hemisph. e.p. and 200 burning hours are said
to be obtained ; in the case of the Helia lamp the specific con-
sumption is reduced to only 0'5 watt per c.p. and the corre-
sponding life of the carbons to about 40 to 50 hours®

A development of this class which seemed at one time likely
to meet with great success was the design of the so-called
“ miniature ” lamps, taking only 3 or even 2 amperes, These
lamps were issued under various fanciful names (the Midget,
Miniature, Lilliput, ete.). It would seem, however, that the
coming of the metallie-filament lamps, with their facilities in the

U Blectrical Journal, Feb. 1912, p. 157.
2 Illum. Eng., Lnndun, vol. i., 1908, p. 891.
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direction of increased candle-power, has rendered them superfluous.
Indeed, some authorities contend that the high candle-power
tungsten lamps, consuming only } watt per candle, are destined
to take the place of all but the most powerful and efficient flame
arcs. At the present moment the tendency in electric street
lighting is to use flame arcs in the important thoroughfares and
tungsten lamps for side streets.

It remains to mention briefly several other points n the
design of are lamps that are receiving attention. Efforts have
been made to simplify the mechanisms and even to rely on a
gravity feed. Among lamps of this class may be mentioned the
Beck and Conta types.! Another matter that demands attention
is the loss in resistance in series with are lamps. In practice this
almost invariably exceeds considerably that which theoretical
consideration would suggest as desirable to ensure the stability
of the arec. For example, the consumer who only requires a
single open are lamp on a supply of 200 or even 100 volts might
have to waste the greater part of the energy consumed. There
is therefore room for ingenuity in the grouping of are lamps
on high-voltage circuits. This point has been alluded to by
W. Hechler in a very serviceable series of articles reviewing
the arc-lamp situation® He points out the desirvability of
increasing the p.d. allotted to the flame are. A step in this
direction was taken in the Carbone high-voltage lamp, designed
to take 80 wvolts across the are, Again, in the Jandus enclosed
flame arc lamp the regulation of the strike of the are enables
the lamps to be run 2, 3, or 4 in series on 200 volts, the p.d.
across the arc being adjustable between 50 and about 75 volts.
In some cases, again, two arcs may be run in series within the
same globe. Yet another device is exemplified by the Union
Electric Co.s “Economy” system, specially applicable to shop
lighting. Here a combination of flame and enclosed lamps is
utilised so that they can be run in series-parallel for the indoor
and outdoor lighting. The supply voltage can thus be utilised
with a minimum loss in the external resistance.

In the United States it is very customary in the case of public
lighting for the magnetite ares to be run in series on a constant
current system, which reduces the loss in series resistance to
a minimum. A very interesting installation of this kind was

! Illum. Eng., London, vol. iii., 1910, p. 19.

2 Elektrot. Zeitschr., 21st March 1912 ; see also 1909, pp. 341, 703, 1055 ;
1910, p. 963,
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recently carried out at the Turin eleetrical exhibition, 240
“Conta” lamps being run from 6300 volts! When the series
system is employed it is of course necessary to provide the lamps
with automatie eut-outs, so that in the event of one lamp going
out the whole eireuit will not be interrupted.

Aie Lamps with Hovizontal Carbons, Projection Ares, efe—A
word or two may be said on several new forms of lamps using
special arrangements of carbons. One of the most interesting
ofithese is the Timar-Dreger lamp recently deseribed by Wedding,
which utilises two pairs of horizontal flame earbons® An
electro-magnet is used to blow the arve downwards. The two
pairs of carbons are arranged in series so as to run direct

Fic. 43.—Union projection are lamp for lantern work,
(Carbons at right angles.)

off 110 volts. The specific consumption appears to be about
025 watt per mean hemisph. ep. (HK.), and the life of
the carbons is about 8 to 10 hours. The arrangement of the
carbons is favourable to good downward distribution of light,
and the lamp appears to be of a compact form, very convenient
for mounting on the ceiling in low rooms. If it is desived to
project the light sideways a single pair of cm*_bmls may be used.

A form of projection lamp has been introduced by the
Union Electric Co. in which the carbons are mounted at right
angles, the horizontal carbon being the 'pt}f-;iti\'e: This, again,
enables the light to fall direet on the mndeu.*ier }\'1t-lm.nut- obstrue-
tion from the negative earbon, and the gain in light is stated to
be considerable. Another feature of this lamp is the compact
automatic feed, which enables the operator to switch the lamp
on and off from a distance if so desired.

One other comparative novelty is the three-phase lamp, of

I [ilum. Eng., London, vol. iv., 1811, p. 673,
2 Elektrot, Zertschr,, 1910, p. 34.
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which several designs have been made. In one of the latest of
these, three carbons attached to the respective mains and con-
verging on a fourth neutral electrode are used.! More recently
still, Wedding has deseribed a lamp of this kind using three
converging inclined flame carbons meeting beneath an economiser
in the customary way, and giving a specific consumption of
0-088 to 021 watt per mean hemisph. c.p., according to the
current and ecarbons used.?

In concluding this section it may be of interest to summarise
briefly the qualities of some of the chief forms of arc lamps in
tabular form. The data for this table are derived mainly from
the published figures of Blondel, Barrows, and Monasch, supple-
mented by more recent data kindly placed at our disposal by the
manufacturers.  Such figures can only be given approximately.
In the first place, exact photometry of arc lamps presents certain
well-known difficulties. Again, an arc lamp is a more compli-
cated apparatus than an incandescent lamp, and comparatively
small modifications in its adjustment sometimes produce a very
appreciable effect on the light. It may be said, however, that the
authorities named are in substantial agreement, and the authors’
experience leads them to regard the following data as generally
correct. The results are given in terms of mean hemispheriecal
candle-power, this being now regarded as the most convenient
method of stating the light from a practical standpoint.

The figures for the power consumed apply to the are itself,
and are exclusive of that spent in external resistance.

e — e . i

i | i Con-
! i Mean | Watts | SHioP-
P.D. ' : tion of | A K.
Type of Lamp. across | Our- w“mkhemmph. | i 1, | elec- Bgﬁ?ng
Are, | Temt | (&P NP trodes | Hours
. (lower). | c.p. | 2
(mm, per
| . | hour
volts, | amps. o= ol
Garboni(open). .|| 40 | o | se0l 700 | w5 | 1616|1020 |
Carbon (enclosed) . 70 | 6-7 | 430, 820 144 ! 15-2 '150-200
| Flamearc(open) .| 45 | 9 | 405| 2800 | 015 | 85-45 8-20
| Flame arc (enclosed) 70 8 560 | 2200 02 3-6 | 70-120 |
| Blondel are . . 50 ] 260 | 1880 013 16-20 | 12-20 |
| Magnetitearc, .| 90 |35 | 815| 400 | 08 1-2 | 50-200 |
. Miniature arcs . 80 3 240 | 270 0-9 4-6 | 40-60 |
| Three-phase flameare| 110 | 47 | 650 3050- | 0-088-|15°5-34 =i
1250 | 7960 0-214 i

U A, Righi, Lum, Electrique, 9th April 1910.
¢ Elektrot. Zeitschr,, 6th June 1912,
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Varour Lamps.

We now come to an entirely distinet class of electrical lamps
—those using luminescent vapours. The illuminants hitherto
described have mainly utilised incandescent solid materials.
The flame are, it is true, utilises luminous vapours to some
extent, but the gaseous luminescence from such lamps is mixed
with incandescence from the luminous ends of the electrodes.
The lamps we are about to deseribe owe their light solely to
luminous materials in the state of gas or vapour.

At this point it may be well to make a short digression in
order to explain the distinetion between these two methods of
producing light. In the case of a glowing solid (incandescence)
the ions or vibrating particles ave so closely packed together
that under the influence of heat they vibrate in a confused
manner, and cannot follow their natural period of oscillation.
Instead of this they appear to vibrate en mwisse, so that a con-
fused series of ethereal oseillations, some of them luminous but
others not, is produced. Under these circumstances we find
that all the colours are present, and we obtain a continuous
spectrum. On the other hand, it requires a considerable temper-
ature before the percentage of energy emitted in a visible form
becomes at all appreciable.

In the case of a luminous gas matters ave different. The
attenuated state of the material apparently permits the ions
to follow their natural periods of vibration. Consequently, we
find that there are gaps in the spectrum. Certain rays are
strongly produced, but others may be entirely missing, and the
colour of objects illuminated by such a source may accordingly
be distorted. On the other hand, the faet that only certain
luminous rays are produced, without the vast series of wasteful
invisible vibrations characteristic of incandescence, is favourable
~ to a high luminous efficiency.

At present there are two distinet kinds of lamps based on
this prineiple, (a) those using metallic vapours and (b) those
using permanent gases. The magnetite arc might perhaps be
regarded as coming within this first class, but has been con-
veniently treated among the arc lamps. The only other prac-
tical example of the use of metallic vapours pure and simple
is the mercury lamp.

The Mercuwry-Vapour Lamp.—Some of the earliest experi-
ments in this direction appear to have been made by Way in
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England and Rapieff in Russia, and more recently by Bastian
(also in England). The lamp was bronght to a. more practical
stage by Dr Arons in Germany, who seems to have been among
the first to enclose the mereury vapour entirely; and Cooper
Hewitt in the United States, working on similar lines, introduced
the tube lamp in a commercial form. Such lamps are now well
known. They consist in a long exhausted tube with an electrode
at each end, and containing a small quantity of mercury. When
the lamp is alight, the entire tube is filled with luminous
mercury vapour. But special means are necessary to start the
lamp. The most trustworthy method of doing so is probably
the simple tipping arrangement. The tube is inclined, sc that
the mercury runs down to one end and makes the contact.
When the tube is restored to a horizontal position the mercury
runs back into the vessel at its extremity, starting a long are
as it does so. Sometimes the “tipping” is done by hand, but
when the lamps are out of reach it can conveniently be done
automatically on switching on the current by means of an
electro-magnetic solenoid.  Other methods have been tried. For
example, a high momentary electrical discharge through the
tube has the effect of rendering its contents momentarily con-
ducting, and so enabling the current to flow and the lamp to
start ; or we may use a small subsidiary electrode, where a
small arc ean be started, whence electrons rapidly find their
way throughout the entire tube; a small heating eoil above the
mercury, which has the same effect: a floating contact actuated
by a solenoid outside the tube, ete  Most of these methods have
proved to be too dependent on temperature, or too easily affected
by slight imperfections in the changes in the degree of ex-
haustion in the tube, to be really practicable.!

The physical problems involved in the mercury lamp are of
a complicated kind, and readers interested should refer to papers
by Steinmetz* v. Recklinghausen?® and Weintraub,* and others,

The actual length of the tube in a 50-volt lamp is about
50 ems., the enrrent consumed being 35 amperes, and the mean
sph. cp. is given as 350. Two such lamps are commonly
run side by side in series for 100 volts. The specific con-
sumption is frequently given as being about 05 watt per

1 See Kruh, Elltrotechnik wnd Maschinenbau, 23rd July 1911,
* Trams, Tut, flectr, Congress of St Louds, 1904, vol, ii. p. 710,

8 Elektrot. Zeifschr., 1904, p. 23 ; 1802, p. 492.
* Electrical World, vol. xlv., 1905, p. 887.
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candle ; but it must be remembered that the extensive area of
the source,and its peculiar colour, both render aceurate photometry
no easy matter. The ordinary lamp is not suitable for use on
an alternating current, and in use it is essential to avoid charging
its polarity. Like the magnetite are, it can be used on an
alternating p.d. by using a rectifier. Recently, however, F.
Girard ! has deseribed a form of lamp intended for use on an
alternating p.d.

The chief limitation to the use of the mercury lamp is imposed
by its peculiar eolour. Seen through the spectroscope the light
appears to be concentrated in three very restricted regions in the
yellow, green, and blue-violet. The effect of the gaps in some
regions of the spectrum, and particularly the complete absence
of red, is that the appearance of coloured objects seen by the
light of the lamp is much distorted. For example, a person’s
face looks green and the lips purple. Numerous attempts have
therefore been made to supply the missing rays. Some investi-
gators have tried to introduce certain gases in the tube, or to
mix appropriate metals with the mercury, with the idea of
adding vivid red lines to the speetrum. Nitrogen, argon, and
helium among gases, and amalgams of lithium, bismuth, lead, ete.,
have been tried, but in every case the result was apparently
unsatisfactory.

The failure of these attempts led to the recognition that any
effort to improve the colour should be made by ineans outside
the tube. The most obvious device was to combine the lamp
with others rich in the missing rays. Such combinations have
been studied by Ives?® who found that tungsten lamps and
incandescent mantles were both useful as a means of producing
an apparent white light. According to this authority the
specific consumption of the requisite combinations with tungsten
or earbon-filament lamps would be respectively 08 and 1-4 watts
per candle, assuming the mercury lamp to give about 05 watt
per c.p. alone. Combinations of lamps are apt to be eumbrous
and inconvenient, but a neat development of the method has
recently been brought out by the Cooper Hewitt Co., and was
described by J. Pn]c“ The arvangement will be understood from
fiz. 44a. The mercury tube is in the form of a ring, and a
tungsten incandescent lamp is mounted at the centre. The

1 Electrot, Zeitschr., 4th July 1912

2 Blectrical World, 23rd Sept. 1909,
3 Elektrot. Zeitschr., 9th May 1912.
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whole is mounted in a diffusing glass hemispherical bowl, which
serves to “mix” the light from the two sources, so that the
lamp has the appearance shown in tig. 44. The 110-volt lamp
consumes 2 amperes, gives a mean lower hemisph. e.p. of about
300 (with the diffusing glass bowl), and a specific consumption
therefore of about 075 watt per ¢.p.

An entirely different method of attacking the problem of
colour improvement has been devised by Dr Cooper Hewitt,
namely, the use of a fluorescent reflector. It has long been
known that certain materials have the power of fluorescing
under the action of light, and of transforming the radiant energy

Fic, 44, —New form of combined tungsten  Fia, 44a.—General view of * orthochromatic ™

and mercury vapour *‘ orthochromatic™ combined tun ufuten and mercury-vapour
lamp, lamp equipped with outer diffusing glass
bowl,

falling upon them into light of a different colour while doing so.
Rhodamine and similar dyes fluoresce a red or rather pink
colour, and it has been ascertained that the ultra-violet rays are
particularly active in giving rise to this transformation. A form
of reflector has now been developed which fluoresces pink in the
light of the mercury lamp! converting some of the excess of
blue and green light and a little of the yellow into red. The
reflector is mounted over the tube in the manner shown in fig.
45. The resultant light approaches considerably closer to white
than that of the ordinary mercury lamp, and, when studied
through the spectroscope, is seen to contain a well-marked band
in the red. The difference in this respect is likewise brought
out by the appearance of red objects. Under the light of
ordinary mercury tube they appear almost black, but by the

! Ilfwm. Eng., London, vol. iv., 1911, p. 628,
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aid of the fluorescent reflector are made to assume much more
nearly their natural colour.
+ The Quartz Tube Mercury Lamp.—A remarkable development
In mercury-vapour lamps has been brought about by the use of
tubes of quartz, and an interesting account of the Kiich lamp,
utilising a tube of this kind, was ]irﬂaeuted by Ir Bussmann in
19071 Such lamps are now manufactured and sold under
different names by several companies, such as the Silica and
Quartzite lamps, ete.

Quartz tube lamps were manufactured some years ago by
Dr Heraeus of Hanover, mainly with the object of securing a

Fie. 46.—Cooper Hewitt lamp with fluorescent reflector.

source powerful in ultra-violet light. But it is only recently
they have been utilised for ordinary purposes of illumination.
Previous to the introduction of such quartz-glass tubes it was
believed that the limit of possible efficiency for mercury lamps
was fairly accurately known. Dr Cooper Hewitt had shown
that there was a certain pressure within the tube for which the
specific consumption was a minimum. Inereasing the power
given to the tube, and raising the temperature and internal
pressure as far as it was safe to go, apparently had the effect of
lowering the luminous efficiency. But when, by the use of
quartz tubes, it was found possible to increase the temperature
substantially above this limit, it was found that the specific
consumption began to fall again, and that ultimately a value as
low as 0-27 watt per Hefner (mean spherical) could be reached.
The initial rise in specific consumption, followed by the pro-

! Elektrot. Zestschr., vol. xxviii., 1907, p. 932.
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gressive fall with increasing power given to the lamp, is shown
in fig. 46. :

In figs. 47 and 47a we produce, by the courtesy of the
Westinghouse-Cooper Hewitt Co, a view of the Siliea lamp
and the accompanying polar curve of light distribution. The
250-volt lamp is stated to consume 35 amperes and to give a
mean hemisph. c.p. of 3000, the maximum value (4500) being
attained at about 65 to 70 degrees. The small over-all length of
the lamps appears to be a distinct advantage. The quartz tube
for a 110-volt lamp may be as little as 8 cms. long and 1} ems. in
diameter. It can be renewed separately, and is stated to last
over 1000 hours before requiring renovation. The quartz tube
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Fic. 46.—Showing the improvement in efficiency of the quartz tube
as the power given to the lamp is increased.

The watts per candle are a minimum at A, but by inereasing the temperature another lower
minimnm at C iz eventually reached.
is, of course, one of the most considerable items in the total cost
of the lamp.

The eolour of the light from the quartz lamps, apparently on
account of the higher temperature, is somewhat less bizarre than
that of the tube lamps. The blue and green elements are less
accentuated, and there is even a small amount of energy in the
red. Perhaps the most remarkable feature is the transparency
of the quartz tube to ultra-violet light. In the long glass tubes
of the Cooper Hewitt lamps the glass absorbs by far the greater
part of these rays and converts them into heat. But their
presence in the quartz lamp has led to its being applied for
certain special purposes—such as the destruetion of bacteria,
the sterilisation of water, ete. In Chapter VI. more will be said
on the subject of these ultra-violet rays. It may be said that,
when present in excess they appear to exert a powerful and
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sometimes prejudicial action on the skin and the eves. When
the quartz tube is used, unsereened, for l;m:te:-iélugim] re-
searches, ete., care should therefore he taken to protect the
eyes with suitable glasses.  When the lamp is supplied for
ordinary purposes of illumination it is commonly surrounded
with an opaiescent glass globe, which is regarded as a pro-
tection against any possibly injurious
effect of these rays,

The Moove Vapour Tube Light.
—The other line of development in
vapour lamps started from the utilisa-
tion of luminescent gases. It has,
of course, long been known that
gases become luminous when sub-
jected to an electrical discharge in
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F1e, 47a.—Polar curve of light distribution

Fre. 47.—A general view of Silica
from Silica lamp.

quartz tube mercury-vapour lamp.

a highly rarefied condition. The ordinary “ vacuum ” or Geissler
tube, a familiar feature in popular lectures, is an example of
the principle. The brightness of the light cast by such tubes
is, under favourable eonditions, quite considerable, and to Tesla
and others the idea had early occurred that they might be made
the basis of an efficient commercial illaminant.  Naturally, a
comparatively large area of tube would be necessary in order to
give enough light.

But it was soon found that the conditions within the tube
did not remain constant, chiefly owing to the absomption of gas
by the electrodes. Now, the light from such lamps 1s very
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sensitive to small changes in the internal pressure, and means had
therefore to be taken to ensure the nature and conditions of the
gaseous contents being kept constant. It was at this point that
the ingenuity of an American, Mr Macfarlane Moore, afforded the
solution.! In the Moore system of lighting the essential feature
is the introduction of a special valve which automatically admits
gas into the tube as the supply becomes exhausted. In order
to make the valve automatic it is controlled by an electro-magnet
which raises or allows to fall a plunger, according as the current
supplied to the tube increases or diminishes. The arrangement
is stated to be very sensitive, sinee quite a small alteration in
the gaseous conditions within the tube at once affects the
conductivity.

By the aid of this deviee the Moore tube is stated to continue
giving out an undiminished light for thousands of hours, and
some installations in the United States have already been in
operation for some years. The illuminant thus consists of a tube,
probably 30 to 40 feet or more long, which is filled with suitable
gases at low pressure and receives current from a high-tension
transformer. In the case of the installation carried out at the
Savoy Hotel in this ecountry some years ago, a pressure across the
secondary of 12,000 volts was utilised. In order to secure such
high pressures, a high voltage, and therefore an alternating
current supply, is practically essential. This is perhaps one of
the reasons why the system has not yet been largely employed
in England.

It has, however, been installed to a considerable extent in
the United States, and more recently also in Franee and
Germany. The length of tube used will naturally depend upon
the dimensions of the room to be lighted. Very frequently the
method is adopted of arranging the tube to follow the contour of
the ceiling, the outline of the shop window, or even the are in
a church. In other cases (for example, in the lecture theatre
at the Breslau technical school) a more complicated pattern is
adopted with a view to getting more complete uniformity. The
essential features of the lamp—the transformer, junction to tube,
and valve—are shown in fig. 48, while fig. 49 is a photograph of
an office illuminated in this way.

The following data (which we have converted into English
measures) are given for the output of energy necessary to
illuminate various rooms :—

v Proc. Am. Inst. of Elec. Eng., 1806,
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Length of Tubes. Area Illuminated, TE;:ltst::tﬂir ;
feat. T A1), feet. kilo-watts, |
10-60 | 300-600 200 |
80-120 | S00-1200 2,75 |
130-180 1300-1800 350 '
1890-220 | 1900-2400 450

The low intrinsic bn]lnuu.,r of the light (stated to be about
1 to 2 c.p. per square inch) and the feeling of restfulness thus
engendered are good features, and it is also claimed that an
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Fic, 48.—Details of Moore light.

installation may be used for years without any attention or
maintenance being necessary. It is difficult to give exact
numerical figures for the candlf,-pmwl and specific consumption
of the source oceupying such a large area. According to Fleming !
the specific consumption of the Savoy installation might be taken
as about 1'8 watts per e.p., while Hyde and Wmd“ ell, in the
course of an investigation into a post-oftice lighted by this
means, obtained the figure 2'4 watts per c.p* Wedding appears

V Illum, Eng., London, vol. i., Jan. 1908, p. 19,

* Paper presented at the Annual Convention of the Illuminating Engineer-
ing Society, U.S.A., Sept. 1909,
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to confirm this figure approximately, judging the efficiency to be
about the same as an installation of tantalum lamps.! Perhaps
the best eriterion as to its efficiency as compared with ordinary
electric lighting is to be gained from the study of the illumina-
tion produced in actual installations. Monasch,? as a result of
tests in the installation at the Berlin Palace of Ice, finds that a
consumption of about 005 watt per lumen (z.e. watts per foot-
candle per square foot illuminated) is obtained, measurements

Fie. 49.—Office illuminated by the Moore light.

being taken in a horizontal plane one metre from the floor.
Hilpert,® in giving particulars of the installation at the Breslau
Technische Hochschule, gives roughly the same figure.

The above refers to the most usual form of tube containing
nitrogen. The colour of the light is in this case somewhat
pinkish. When, on the other hand, carbon dioxide is used, an
extremely white light is obtained, which has been asserted to be,
from a colour-mateching standpoint, extremely close to daylight.
(Quite small and compact arrangements, comprising only a few

1 Elektrot. Zeitschr., May 19, 26, 1910,

3 Elektrische Beleuchtung, part ii., 1910, p. 66,
3 Elektrot. Zeitschr., 2nd Nov. 1911,
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feet of tube, have been devised for use over a restricted area, as
a “ daylight window.” The imitation of white light, as usual,
occasions a certain loss in efliciency, and the carbon dioxide tube
appears to be less efficient in this respect than the nitrogen one.
However, for the purpose for which the white light is mainly
desired, a certain loss in efficiency will often be tolerated in view
of the advantage of being able to carry on accurate colour-
matching work by artificial light. As explained in Chapter V.,
the first installation of this kind in London ! has just been carried
out at a well-known hop merchant’s in the City. This is one other
instance of the many trades in which accurate eolour-matching
is needful. According to some recent articles? the possibilities of
the Moore light can be considerably extended by introducing a
spark gap into the secondary of the transformer, used with the
Moore light so as to superimpose an extra high-tension discharge
over the ordinary p.d. The nature of the wave form and the
colour of the light can be modified in this way, and it is even
possible that electrodes (acting like condensers) entirely outside
the tube might be utilised.” It is hoped that by this means the
absorption of gas by the electrodes, and the consequent necessity
for the special valve used with the Moore light, might be avoided.

The Neon Tube.—The Moore tube, as remarked above, utilises
either nitrogen or carbon dioxide. But more recently a striking
development has been introduced by M. G. Claude® namely, a
tube illuminant making use of the rare gas neon. Such a
lamp certainly presents a most interesting example of the rapidity
with which secience is now applied to practice. It is only a few
vears since Sir Wm. Ramsay succeeded in isolating from the
atmosphere the rare gases—argon, helium, and neon. Argon
may prove of value in the new * half-watt " incandescent lamps.
Helium tubes have been developed in the United States by
P. G. Nutting, with the idea of securing by this means a standard
of light. And by using the gas neon it seems probable that a
new and efficient commerecial illuminant will be obtained.

In his contribution on this subject M. Claude points out that
gases differ very much in their power of emitting light when
electrically excited. Nitrogen takes about 17 watts per c.p.,
carbon dioxide about 2, and hydrogen approximately 10 watts
per candle. With neon, on the other hand, he has found 1t

1 lwm. Eng., London, Oct. 1912, p. 465.
2 Yeit, f. Beleuchtungswesen, 30th May 1913.
3 Soe, Int. des Electriciens Bull,, Nov. 1911, p. 505,
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possible to secure a specific consumption of only 05 watt per
candle. The dimensions of a tube necessary to give a certain
candle-power, and consequently the voltage required from the
transformer, are therefore considerably less than in the case of
the Moore lamp. For example, he states that a tube 6 metres
long requires only about 800 volts and gives about 900 e.p. The
light produced is, approximately, 200 c.p. per metre, as compared
with 50 e.p. per metre for the Moore lamp.

It might, naturally, have been supposed that the fact of the
tubes requiring to be filled with such a comparatively rare gas
as neon would have been a great disadvantage. M. Claude,
however, states that with his extracting apparatus 100 litres of
neon can be obtained in a day, and that this would be enough for
1000 tubes, each giving 1000 e.p. Perhaps the most interesting
circumstances connected with the lamp is that it appears to be
unnecessary to use an antomatic valve of any kind to maintain
the gaseous conditions in the tube constant. Sueh a valve is
rendered necessary in the case of the Moore tube, largely because
the gas tends to be absorbed by the electrodes. Neon has the
advantage of being only very slightly absorbed, and by making
the electrodes sufficiently large it is said that the tubes will
continue to work satisfactorily for more than 1000 hours without
any sign of deterioration. The neon spectrum is rich in the red
and orange rays, and it has been suggested that the lamp might
therefore be very effectively used in contrast to the mercury-
vapour lamp for decorative purposes. By varying the self-
inductance in series with the tube, the current consumption can
be varied within wide limits, and this presents an economical
and convenient way of adjusting the light.

During a recent visit to the Continent, one of the writers
had the privilege of inspecting one of these lamps at Laboratoire
Central d'Electricité. It is certainly an interesting illuminant,
and, if the claims made for it are justified by further experience,
seems destined to be of considerable service for spectacular
lighting.

As regards the cost of eleetrie lighting, the remarks made
in connection with gas lighting in Chapter II. should be borne
in mind, namely, that conventional tables on this subject have
only a limited application in practice, owing to the variety of
local circumstances to be considered. Readers may be referred
to some exceptionally full data in Mr Maurice Solomon’s book
on Eleetrie Lamps (p. 294).



CHAPTER 1V.

OIL, PETROL-AIR GAS, AND ACETYLENE LIGHTING.

Development of the Oil lamp—Effect of Varieiy of Petrolenm, Chimney, Height of
Liguid in Reservoir, ete.—Incandeseent Oil Lighting—Aleohol and Liguid
Gas—DPetrol-air Gas Lighting—Advantages of “*rich " and ** poor” Mixtures—
Various Types of Plant and Motive-power—Defects to be avoided—Petrol-air
Gas Burners—Opportunities of Petrol-air Gas Lighting—Acetylene, how
formed, early difficulties, generating apparatus— Acetylene Burners—Cinemato-
graph Lamps and Incandescent Oxy-acetylene Lighting—Dissolved Acetylene
—S8pecial Uses of Acetylene for Emergency Lighting, in Navigation, ete.—
Auntomatic Solar and Flash-light Valves,

IN the historical introduetion in Chapter L. we traced the gradual
development of gas and electric lighting, by which candles and
oil lamps have been so largely superseded. Yet there are many
occasions when these illuminants cannot conveniently be used,
and there have come into being other and newer methods of
lighting, such as acetylene and petrol-air gas, which are specially
useful in remote country districts where gas and electricity are
not available.

O Lawrs.

We have seen how in past centuries the crusie oil lamps,
burning eoarse home-made oil, formed the usual method of
domestic lighting. It was not until the discovery of petroleum
in the United States midway through the nineteenth century
that any very notable step forward was made.

The modern petrolenm lamp is a great help and by no means
to be despised as an illuminant. The fact that as much as
100 c.p. can be obtained by such simple means, and that the
lamp itself contains fuel and does not have to be fed from a
distance, are distinctly advantageous. Even in England there
are, of course, many country houses and roads and small railway
stations lighted quite effectually by this means, and it must
not be forgotten that in less progressive countries the use of

petroleum for lighting is much more general. The %rdinm'}?
113
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petroleum lamp, of course, needs a certain amount of ecare and
attention, and it is often unjustifiably blamed for certain defects
which are not inherent and can be avoided by suitable design.
This question was the subject of discussion at the International
Petroleum Congress held at Bucharest in 1907, when papers
were presented by M. Aug. Pihan, Herr Proessdorf, and one of
the authors. A resolution was moved subsequently asking
that the Congress should study and decide upon a type of
domestic lamp fulfilling the conditions of the greatest safety
and highest efficiency; and this suggestion was formally
adopted.

This question of safety is indeed a very vital one to the
success of oil lamps, and previous to this Congress many prizes
had been offered for a lamp which would satisfy the required
conditions, but without one being discovered that was
considered worthy of the prize.

It may also be pointed out that the design of any particular
lamp must take into account the nature of the petrolenm which
is intended to be used with it. For instance, a lamp intended
for American oil would not serve equally well for use with the
Russian variety, nor, probably, would the type of chimney
favouring the best conditions of combustion be the same in the
two cases. The result of trying to burn a variety of petroleum
different from that for which the lamp is designed will probably
only lead to the production of incomplete combustion, a smoky
flame, and a smell.

Considerable difficulties have been experienced in preparing
Roumanian oil in a condition such that it answers as well
for illuminating purposes as the American and Russian
varieties, but a recent process invented by Dr Edeleanu seems
likely to be very useful in this respect. Dr Edeleanu found
that the objectionable qualities from a lighting standpoint were
caused by the presence of a certain proportion of “ closed chain ”
aromatic unsaturated hydroearbons, which are not removed by
the ordinary processes of purification. By treatment with
sulphur dioxide this objectionable ingredient can be removed,
and the oil is then fit for purposes of illumination. It is
expected that this process will also be of value in connection
with the purification of qualities of petroleum found in Galieia,
some parts of Russia, W. Ameriea, the Duteh Indies, and some
parts of the British Dominions, which have hitherto proved
unsuitable for lighting.
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Another point that is worthy of notice in conneetion with
oil lamps was recently raised by M. Guiselin,! who has pointed
out that the light of an oil lamp was affected by the quantity
of oil in the reservoir. For example, after burning ten hours
some lamps containing about half a litre were found to be
giving only 70 per cent. of their candle-power when first lighted.
This can readily be understood when we recall the influence of
the level of oil on the capillary action of the wick. The user
would therefore do well to keep the lamps well filled up, and
it is scarcely necessary to add that the filling should be done
with care owing to the inflammable nature of the oil.

According to some figures given in Mr H. Fowler's well-
known paper on railway lighting,* it would appear that under
the best conditions as much as 800 to 1000 c.p. hours ean be
obtained per gallon of petroleum. Monasch, however, points out
that the figures usually quoted refer to the horizontal instead of
the mean spherical eandle-power of such lamps, and advocates
that comparisons with other systems should he made on the
basis of providing a certain illumination over a given area.’®

INCANDESCENT O1L LIGHTING.

The great advance secured by using the incandescent mantle
with coal-gas naturally suggested the application of the principle
of incandescence to liquid fuels. It was recognised that if a
liquid illuminant eould be vaporised and mixed with air in the
correct proportions, it might be utilised to heat an incandescent
mantle to even greater brightness than that obtained from
ordinary town gas. One of the first attempts to use petroleum
in this way was that of Mr Arthur Kitson, which was deseribed
in the paper before the Royal Society of Arts in 1903. A
paper on “The Illumination of Engineering Workshops,” read
by Mr J. E. Evered of the United Kingdom Lighting Trust before
the Manchester Association of Engineers on 25th January 1913,
contains some interesting information on the incandescent oil
systems.

The essential elements are the lamp, the oil reservoir, and the
tubing. The reservoir may either be connected immediately to
the lamp, or may be some distance away and cmmect_ed by
piping. It is filled one-third full of petroleum, and air 1s then

! Illum. Eng., London, vol. i., March 1908,

2 Tnstitution of Mechanical Engineers, 1906.
3 Elektrot. Zeitschr., vol. xxxiii,, 18th July 1912, p. 738,
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pumped in until a pressure of 50 to 75 inches is obtained.
When the valve is opened this pressure forces the oil through
the piping to the lamp, and it is then admitted to a specially de-
signed vaporising chamber. The vapour passes into the burner
and brings the mantle to vivid incandescence. It will be noted
that some means of starting this vaporisation is necessary. The
initial lighting up of the lamp may be accomplished by igniting
spirit, by a gas flame, or by
electrical means, and the pro-
cess should only require a
few minutes. The lamp then
continues to generate and
burn oil vapour automati-
cally. One of the latest types
of these lamps is shown in
fig. 50.

Such lamps can be readily
transferred from place toplace,
and are thervefore of special
use for emergency work in
railway yards, erecting build-
ings, road excavations, efe.
On the other hand, the lights
may be supplied from a central
reservoir through pipes, and
Fre. 50.—S8elf-contained ** Still * incandes- the space chupiEd 1 then

cent oil lamp (United Kingdom Light- remarkably small. For ex-
W _ ample, it 1s stated that a tank

Ihese lamps are stated to glve 300 to 1200 e.p., .. c
::::infi:;g.h”m from 200 to 300 hours withoot Eﬂ,pab]e {)f gl'\-]ﬂg. EGU,UU{} Cpp,-
hours only occupies 10 square
feet—an area which would have to be considerably exceeded
in order to accommodate an electric or gas-lighting plant of
similar output.

The latest form of lamp using inverted mantles is stated to
burn for 100 to 150 hours without attention, and it is also
claimed that with the larger types of lamps as much as 14,000
c.p--hours can be obtained from one gallon of oil.

Another system, represented by the Blanchard lamps,
utilises a self-contained lamp equipped with an inverted mantle,
which is fed by paraffin vapour. It is claimed that one gallon
of the quality of paraffin oil used in connection with this lamp
will give an illuminating capacity of 18,000 e.p.-hours. An
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ingenious and interesting deviee used in this Lunp 18 the method
of l‘ﬂf’lhtbllrlg the level of liquid in the vaporiser. This consists
of a magnetic needle on the outside of the vessel, which is
affected by a movable 111}11 piece within the vessel, rising and
falling with the level of the liquid. The discovery of the
lll\**l‘tbd mantle has |;-een a great boon to such systems of
llﬂ‘htltlﬂ' on account of its greater strencth and power of with-
5t.:|,11d111g shock. It is also
capable of greater adapta-
bility, lamps yielding from
75 to several thousand e.p-
being available.

Yet another form of
lamp using liquid fuel is the
Petrolite lamp, in which air
is sucked through a porous
material impregnated with
suitable hydrocarbons, a
draught being secured by
the use of an exceptionally
long ehimney. An advan-
tage elaimed for this lamp
is its safety. In spite of
the high flame temperature
necessary to bring the
mantle to incandesecence, the
temperature of the lamp is
stated to be actually lower
than that of the surround-  Fis. 51.—Blanchard incandescent paraffin
ing air, and it is claimed lamp, commercial form.
that the lamp, it overturned, immediately becomes extinguished.

The lamp has been subjected to a variety of tests by
Prof. J. T. Morris, who finds that a light of 40 e.p. is obtained
by burning 14 ozs. of hydrocarbon per hour.

Incandescent oil lighting is widely employed for lighthouses,
especially in remote situations, where a self-contained illuminant,
not requiring excessive attention, is needed. It may also be
applied to the solution of many new problems now arising in
eonnection with aviation and the designs of signals for the
cuidance of aerial traffie.!

I Klebert, “ Leuchtfener fiir den See und Luftverkehr,” Jour. f. (rasheleuch-
tung, 28th March 1914 ; Zeitschr. f. Beleuchtungsiwesen, 28th Feh. 1914,
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ALCOHOL AND OTHER SELF-CONTAINED LAMPS.

Before leaving the class of self-contained lamps, some
mention may be made of those using aleohol. A sketch of
a typical lamp of this kind, taken from an interesting little book
recently published in Germany! is given in fig. 52. Alcohol
has several advantages as an incandescent illuminant. Unlike

petrol and petroleum, which
consist in a mixture of some-
what uncertain composition
of wvarious hydrocarbons of
different specific  gravity,
alcohol has a constant com-
Wirc-gauze position, consisting of liquid
: ;”{‘_"."'"""'“" of the formula C,H,OH.

i This, theoretically, should
make it easier to produce a
" perfect type of burner, and to
secure complete combustion,

: In addition, alcohol is ad-
El ‘S’ mittedly not a very inflam-

5
Burnerhead

Burrmer-tule J

N ¥ for hLl:lllnflr\ll"l ol . "
= Lig : mable liquid, and does not
R vaporise so readily; it h
q;. ::::: I";-n I Prebe a tag p }T 5 t ﬂ.-ﬂ-

Device also the property of mixing
with water, and is therefore
readily extinguished by water.
In many countries, again,
there is nonatural oil supply ;

e:-':.- ) S but, on the other hand, the

: |! agricultural possibilities of

| | “' i the locality make it an easier

matter to secure a supply of

aleohol for illumination.
There are also a number

of special systems of liquid fuel, such as Blaugas, Pintschgas,

Wolfgas?* ete., which at one time had a considerable vogue for

lighting railway carriages. In these systems various hydro-

carbons are compressed and stored in eylinders, which ean then

ol

Fra. 52.—Aleohol ineandescent lamp,
with wick.

I 'W. Briizeh, Die Beleuchtungswesen der Gegenwart.

* Mllum. Eng., vol. i, 1908, p. 681 ; B. Monasch, Licht und Lampe,
24th Nov. 1912 ; A. Neuburger, Licht und Lampe, 4th July 1912 ; “ Pintsch
High-pressure Gas,” Jour, of (fas Lighting, 6th Feb, 1912, ete.
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be carried about to any desived destination. Some of the gases
are credited with a very high calorific value, but it would seem
that their use is more suitable in those cases in which portability
is essential, and such illuminants as gas and electricity are not
available, or only obtainable at prohibitive prices.

PETROL-AIR (GAS LIGHTING,

We have next to consider two other systems of lighting—
petrol-air gas lighting and acetylene—that have made great
progress in recent years. These systems may be said to oceupy
an intermediate position between the methods of lighting by
individual self-contained sources (oil lamps, candles, ete.) and
gas and electricity, which are distributed from a central supply.

Petrol-air gas consists simply of air, to which has been added
a small percentage of petrol vapour. The air-gas is generated
by a small automatie plant, conveniently kept in a small outhouse,
and it can then be led into houses and distributed by piping to
incandescent burners in the same way as coal-gas., It will be
observed that liquid does not exist in the pipes of the house, but
only in the form of diluted vapour, in which the percentage of
petrol present is invariably small (1} to 6 per cent.). The
success of the system is, however, entirely dependent on the
choice of a suitable plant. There are said to be from 30 to 50
different types on the market in London alone.

Petrol-air Gas Plant,—The essential elements in any plant
of this kind are a earburettor, in which the desired mixture of
petrol vapour and air is produced ; a holder, in which the gas is
stored, and a compressor for the purpose of driving this gas
through the pipes. The motive power may be supplied by a
falling weight, hot-air engine, or water-power. The falling
weight has the great advantage of simplicity. So long as the
weights are off the ground the plant will continue to act and
* maintain the supply of gas, and a light is therefore available at
any time during the night.

A hot-air engine occupies less space, is usually somewhat
cheaper, and is more conveniently transferred from place to place.
On the other hand, it requires a little attention to start it going.
It is usually stopped during the night-time, in order to save the
expense of continuous running, and in these circumstances a light
cannot be obtained for any lengthy period without starting the
engine, or by using a gas-holder of considerable size.
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Water-power has advantages, but consumers are frequently
debarred from using the mains direct, and it is unusual for any
large quantity of stored water to be available.

A great deal of controversy has taken place on the respective
advantages of “poor” and “rich” mixtures. It should be
remembered, however, that even a so-called “rich” mixture is
really very diluted and will hardly contain more than 6 per cent.
of petrol. Mr E. Scott-Snell strongly advocates the use of such
a mixture,! as being safer and enabling smaller pipes to be used.

On the other hand, some makers claim that with a “ poor”
gas (14 to 2 per cent. petrol) a higher efficiency will be obtained
at the burner.

Some makers, while recognising the desirability of keeping
outside the explosive range, contend that 5 to 6 per cent. of petrol
is a needlessly high proportion. There are also some who prefer
an intermediate grade of gas (2} to 44 per cent.) or who elaim that
their plant can be adjusted to give either a “rich” or a “ poor”
mixture as may be desired ; for example, if the plant is intended
for lighting purposes only, a 2 per cent. mixture is used ; but for
heating the value may be raised to 41 per cent. or more. There
are at the present time a great variety of petrol-air gas machines
on the market. We must confine ourselves to describing one
typical example, and in fig. 53 have reproduced a general view
of the “ County ™ plant.

From the diagram (fig. 534) it will be noticed that the plant consists
essentially of two bells which work in water seals. One bell is recipro-
cated by means of mechanism worked by the wound-up weight, and
funetions as an air-pump, taking in at each up stroke a given volume of
air through the valve (T), and subsequently forcing this air down the pipe
(K) into the other bell, and passing in en roufe through a carburettor (I).
Attached to this air-pumping bell is a petrol-pump (G), in such a manner
that at every stroke of the air bell there is a corresponding stroke of the
petrol-pump. The petrol-pump discharges a measured amount of petrol
through the pipe (P) into the carburettor, and this is evaporated by the
measured air as it passes over it. The resulting gas fills the larger bell,
which acts as a governor, maintaining the pressure in the piping system
constant, and also regulating the action of the pumps; for when it is
filled above a certain point, it operates a brake, which stops the air- and
petrol-pumps from working. The gas is delivered for use through the
central pipe (N).

There are one or two features in connection with the plant to which
attention may be directed. It is claimed that the amount of air and the

! [llwm, Eung., London, Feb, 1913. See also Paper read before the Society
of Engineers, 6th March 1911.




Fic. 53. —County weight-driven petrol-air gas plant ; general view,

f

—

F1e, §3a.—County petrol-air gas plant ; sectional view.
(T, airinlet; G, petrol-pump: 1, carburettor ; N, gas outlet ; P, inlet pije.)
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amount of petrol supplied by a single stroke of the smaller bell are
absolutely constant and definite ; and that the charge of air always passes
over its complementary charge of petrol at the same velocity, so that
a gas of uniform mixture is supplied, no matter at what rate the demand
may vary, Consequently the proportions of air and petrol vapour should
be the same whether the machine only provides enough gas to make the
small bell operate once a day, or iz working up to its full capacity.

This follows because a single stroke admits a volume of air fixed by the
capacity of the bell, and a volume of petrol fixed by the capacity of the
pump. An important point in the design of the plant is that all working
parts are fully exposed to view, and immediately accessible.

The County plant utilises a comparatively rich mixture of
6 per cent. petrol and 94 per cent. air. The advantages claimed
for this mixture, as regards safety, ete., have been alluded to
above.

A good petrol-air gas plant should be absolutely automatic
in action. Once it is started it should continue to generate gas
of a uniform composition independent of the load or the external
temperature, and should require practically no attention from
the consumer beyond occasionally filling the petrol tank or
winding up the weights. In many of the early machines this
was far from being the case. For example, the quality of gas
produced varied with the number of lights turned on, and the
light suffered accordingly. This was sometimes due to the use
of piping that was too small, and sometimes to defective car-
buretting. In the best modern machines the surface of petrol
presented to a given surface of air in a certain time is maintained
constant, with a view to producing a mixture of invariable
composition.

Variations in the quality of gas generated may also arise
through the use of an unsuitable variety of petrol, containing
constituents which are sometimes present as vapour, but, when
the temperature is lower, condense and play no active part.

Another defect that occasionally reveals itself in the inferior
plants is the tendency to condensation of petrol in the pipes
during cold weather—a condition which, besides interfering with
the operation of the plant, may be a source of considerable
danger. This fault may be due to the use of an unduly heavy
petrol, the denser constituents of which deposit at a low tempera-
ture. Objection has been raised to methods of carburation in-
volving the use of heat, the suggestion being that this practice
may lead to the emission of a warm mixture containing
hydrocarbons in suspension such as are not readily volatile at
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winter temperatures. On a frosty evening these may condense
in the relatively cool pipes.

Burners and Candle-power.—The incandeseent burners used
with petrol-air gas have to be specially designed for the purpose,
the chief distinetion from those used with coal-gas being that a
considerably larger nipple is used; this is a distinet advantage,
as such burners are naturally less liable to become choked with
dust. The ideal type of burner depends on the composition of
the gas: a burner intended for a rich mixture might not answer
equally well with a poor one, and vice wersa, although the ad-
Justment of the air supply provides a certain latitude in this
respect.

The fact of such large proportion of air being admitted
through the pipes is favourable to complete combustion. Even
at the low pressure of about 14 inches customary in petrol-air
gas lighting, conditions approaching those characteristic of high-
pressure gas lighting are obtained. A mantle of a given size
should therefore in general have a higher intrinsic brilliancy
than the same mantle employed with low-pressure coal-gas.

The Bijou type of inverted burners are very widely used for
petrol-air gas lighting. The candle-power obtainable is variously
stated hy different manufacturers. Probably as much as 70 to 80
c.p. may be obtained from a new mantle under favourable con-
ditions ; but a mantle that has been in actual use for some time
will more frequently be found to be yielding 40 to 50 c.p.

Such burners are stated to consume about 15 of a gallon of
petrol with the County plant, and it is possible that in favour-
able circumstances more economical results would often be
obtained.

Burners having a smaller consumption than the above are
occasionally used, but are stated to be less efficient in operation.

In conclusion it may be remarked that the type of plant
should be selected judiciously. In country-house lighting
particularly the machine should work automatically, requiring
little or no adjustment. Expert assistance is often only obtain-
able from a considerable distance, should anything go wrong,
and the plant will in general be attended to by people with little
mechanieal skill. The essential advantage eclaimed for petrol-
air gas lighting is that the light is available at any time,
just like gas or electricity. This is only possible in the case
of a well-designed plant, and as there are at present about 40
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to 50 different varieties on the market, some good but others
quite the reverse, there is evidently need for diserimination.

It is interesting to note that a Petrol-air Gas Association
has recently been formed in London, and no doubt its influence
will be beneficial in promoting a more uniform standard of
quality in the machines available.

ACETYLENE LIGHTING.

Acetylene has now become quite a familiar method of light-
ing, and many early difficulties against which it had to contend
have been removed.

Acetylene gas was known to Sir Humphrey Davy as far back
as 1836. Subsequently, in 1866, Berthelot, the great French
chemist, interested himself in the subject. But it was not until
about 1892, when Moissan deseribed the manufacture of ealeium
carbide from a mixture of lime and earbon in the electric furnace,
that acetylene came to be made on a practical scale. The
discovery of the electro-chemical production of carbide was made
practically simultaneously by Thomas Wilson in the United
States and work in the same direction was carvied out by the
late Mr Worth in this country.

The change that takes place in the electric furnace may be
approximately represented thus:—

Cad 4+ 30 =  (0aCs + Co.
= (Claleinm Carbon

1 . ‘arhon. y ; :
L Carbon (Carbide. Monoxide.

Acetylene, as is well known, is generated immediately water
is brought in contact with calcium carbide according to the
following relation :—

CaC + H0 = €0 + GH
Caleinm " - 2
Cathida. Water. Lime. Acetylene.

Curiously enough, water, besides being necessary for its
decomposition, is also indireetly responsible for the making of
carbide. For the manufacture of carbide in large quantities
demands cheap electrical energy, and is therefore most
readily undertaken in countries where cheap water-power
is available.

After the discoveries alluded to above, acetylene gas soon
came to be known and used to some extent. But many early
defects were only overcome by dogged perseverance. The gas
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could not at first be obtained in a state of purity. The impurities
contained were apt to ecause the formation of a light “haze” or
mist, and this effect was at one time quite a usual phenomenon
in rooms in which acetylene was burned. Moreover, the range
of mixtures with air over which explosion is possible is a wide
one in the case of acetylene, and in the early forms of generating
plant sufficient care was not always taken to avoid these
conditions.

At the present time careful purification has removed these
defects. It is now recognised as an essential feature that the
generator should be kept cool, thus avoiding the tendency
towards polymerisation. To-day it is possible to burn acetylene
safely and without smell. Indeed it is said that the gas might
be rendered absolutely odourless were it not that this might be
a source of danger, owing to the fact that a leak might escape
detection in its early stages.

Generating Apparatus.—To attempt any detailed deseription
of acetylene generators would be without the scope of this work,
and readers may be referred to several able treatises on the
subjeet.!

Generators may be divided into two eclasses, “carbide to
water” or “ water to carbide”; these groups may be further
subdivided into automatic and non-automatic.

At the present time many different types of generators
are in use. In general, the application of water to carbide is
preferred, especially in the case of antomatic apparatus, mainly
because the admission of water is so easy to control. Many
small portable lamps and headlights for cycles and motor
cars, ete, come under this heading. Automatic plants are
now preferred for sustained lighting on a large scale; the
water to carbide method is almost invariably used with
this type of plant, owing to the certainty of action and to
recent improvements in methods of purification.

An acetylene plant consists of the following constituent
parts :—

(1) The Generator proper contains the cm-hifle, and iz divided int_u
compartments in such a way that the charge in one compartment 1s
exhausted before water is admitted to the next. In this way 1t 1s easy

e —————

1 Acetylene, its Generation and Use, by F. H. Leeds and W. J. A. Butl;m-ﬁe!d -
Das Acetylen, by J. H. Vogel ; Annuaire International de U Acétyléne, R. Granjon

and P. Rosenberg,
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to ascertain on inspeetion how much gas is still obtainable. In modern
installations it is customary to provide two duplicate generators, either
of which can be put into action by merely turning a tap. In this way
it is possible in an emergency
to continue supplying gas from
one generator while the other is
being attended to and recharged.
(2) The Washer, which con-
sists essentially of a piece of
apparatus, forming as a rule the
lower part of the generator,
through which the gas is caused
to pass on its way to the gas
holder, and is “scrubbed ” and
partially purified in doing so.
(3) The Water-supply Tank,
containing the water fed to the
carbide.  This is automatically
controlled by the aid of a piston
actuated by a projection in the
gasholder, which, in its descent,
is automatically eaused to admit

P

L

b i ﬂ-. ~ more water as the supply of gas

Fic. 54.—An “ Imperial ™ acetylene begins to get exhausted, or byany

generator, general view. other appropriate mechanical
device.

(4) The Gasholder serves to collect the gas when it comes through
the washer from the generator. Besides storing the gas and cooling it

i ——— L T I —
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Fia. 54a.—An *“ Imperial” acetylene generator, sectional view.

after its treatment by water in the washer, the gasholder serves to
regulate the pressure of the gas supplied to the house.

(8) The Drier and Purifier is placed between the gasholder and the
pipes, and serves to dry and thoroughly remove the last traces of phos-
phorated hydrogen and other impurities that may still remain in the
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gas after leaving the gasholder. After passing through this apparatus
the acetylene iz fit for actual use.

The general nature of a modern acetylene plant will be understood
from figs. The principal parts are A, generator ; B, washer; C, holder ;
D, purifier. When the plant is in action water flows from the tank (E)
into the generator (A) through the valve (U). The acetylene produced
passes through the washer (B) into the bell at C, causing it to rise.

When the holder is about half full the control tap is automatically
turned off and no more gas generated. As the gas is used up the hell
falls and turns on the tap again, so that gas is generated once more.
This antomatic action continues until the carbide is exhausted. Mean-
time the gas stored in the holder passes out into the purifier (D) prelim-
inary to consumption.

[t will be observed that two “twin” generators are shown. If
necessary one of these can be charged while the other is still in operation,
One of the taps (W) would then be closed, putting this corresponding
generator out of action. The cover of the generator would then be
removed, the sludge run off through the cock (G), and the interior cleaned
out, and a fresh charge of carbide inserted. The drain pipes (S, 8, 8)
serve to run off any accumulated water.

An additional modern development worthy of mention is the
use of briquettes, which are composed of granular carbide com-
pressed into cakes and covered with some inactive binding
material. It is claimed for such briquettes that they only evolve
acetylene when in actual contact with water, and when with-
drawn immediately cease to do so. They are therefore useful in
avoiding the tendency to “after-gassing” (i.e. the gradual
liberation of gas after the generator has been turned off).

In addition they are said to be non-hydroscopic, and therefore
do not require to be stored in sealed tins to avoid deterioration,
as is the case with ordinary carbide. This special granular
carbide is conveniently used for motor-car headlights, portable
table-lamps, and other small generators of the non-automatic
type: it is, however, naturally somewhat more expensive than
the ordinary variety.

The piping necessary for acetylene gas will usually be
considerably smaller than that required for coal-gas. C‘:mm:umers
may be advised to secure the very best workmanship in the
entire installation. Acetylene, like petrol-air gas, is used to a
great extent in remote situations, where expert usrisisst{s,nr::e is not
readily available. A cheap and inferior installation may be a
constant source of trouble and annoyance. Many reputable
firms will undertake to execute any repairs within a given
period after installation, thus making themselves responsible for

the plant being in good order.
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Burners—An interesting comparison may be drawn between
the burners used for petrol-air gas and acetylene respectively.
For petrol-air gas much larger burner apertures must be used
than in the case of coal-gas. For acetylene gas the exact con-
trary is the case. Owing to its high illuminating power the
aperture in the burners must be exceedingly small, and this
proved a difficulty in the early stages of acetylene lighting. The
burners readily became stopped up and required constant
cleaning.

This sooting effect was due largely to impurities in the
gas, as well as imperfect design of the burner. The introduction
of steatite in place of metal was a great improvement. Modern
types of burners should last for years. The form most usually

Fic. 55.— Bray Elta twin burner, Fie. 56.—Roni burner
(Has 2 jets impinging on one another.) (with slot).

employed is the “cross jet,” the two flames playing on one
another at an angle. This arrangement is conducive to high
temperature and improved efficiency, and is also said to assist in
preventing sooting of the burner. On the other hand, this form
is not always best for searchlight and projector work when the
flame is near to polished glass surfaces. For, if one of the
jets becomes stopped up, the flame from the other one may shoot
out and impinge upon the glass surface, causing it to crack.
For this class of work burners of the Roni type, consisting of a
single fairly big slot-aperture, are therefore preferred to those
having cross jets. They are less likely to get choked up.

The ordinary range of consumption of acetylene burners is
from } to 1 cubic foot of gas per hour, the usual pressure being
about 4 inches. The efficiency obtainable is variously stated, but
may be taken at about 25 to 30 candle-hours per cubic foot. (It
should be noted that this figure presumably refers to the intensity
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in a horizontal direction.) One may expect to obtain roughly 5
cubie feet of gas per 1b. of carbide,

Acetylene, being burned as a luminous flame, has the advan-
tage—somewhat exceptional in these days of incandescent
illuminants—of being readily controllable at the tap, so that a
wide range in candle-power can be attained. Attempts have
been made to use the gas with ineandescent burners, but it is
doubtful whether much has yet been gained in this way. An
efficiency as high as 100 e.p. per cubic foot '
is said t::l have hoen obtained, but the small
apertures used in the burners are liable to
become stopped and give trouble.

The ineandescent method, however,
appears to have distinet advantages for
cinematograph work, when an oxy-acetylene

Fire. 57.—New oxy-acetylene projecior lamp, using Fic. 58 —Acetylene flare
about 7 cubic feet per hour of a mixture of light and generator.
oxygen and acetylene.

At a distance of 18 feet this gave over 1000 ¢.p., and the
light, being concentrated over a small area, is convenient
from an optical standpoint.

flame can be concentrated on a small but by no means fragile
pellet of rvefractory material. Mr C. Hoddle, in his recent
paper before the Illuminating Engineering Society,! gave his
experiences with this new light. The dise on which the flame
plays is only 22 mm. in diameter, and the fact of the light
being concentrated within such a small area is naturally advan-
tageous for optical work. With such a lamp, consuming 7 cubie
feet per hour of a 50 per cent. mixture of acetylene and
oxygen, an equivalent candle-power over 1000 was stated to
be obtained.

When lamps of high candle-power are desired (eg. in light-
ing railway stations) it may be necessary to employ a cluster of

U fllwm. Eng., London, vol. vi., Feb, 1913, p. 67.
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burners each consuming 1 to 1 cubic foot of acetylene. For
emergency or spectacular lighting acetylene “flares” are often
convenient. A flare consists simply of a portable generator con-
nected by a large burner equipped with an approximately para-
bolic reflector, so as to throw the light strongly in one direction.
The generator, when fully charged, should supply a light for six
hours, consuming about 12 lbs, of carbide while doing so. It is
difficult to give the value of the light from an arrangement
of this deseription with any precision, but it is stated to give
about 1000 e¢.p. As a rough rule for spectacular lighting, Mr
Hoddle suggests employing about four flaves for every 1000
square feet to be illuminated.

Dissolved Acetylene—Very early in the history of acetylene

Fis, 59. —Typical dissolved acetylene outfit (suitable for motor cars, ete,).

attempts were made to store the gas under pressure. But con-
siderable difficulty was experienced in making the process
entirely safe. Eventually the problem was solved by the aid
of the organic liquid acetone, which possesses the remarkable
faculty of dissolving about 240 times its own volume of acety-
lene at a pressure of 10 atmospheres and a temperature of
15 degrees. A vessel of acetone, saturated with acetylene
at this comparatively low and safe pressure, will therefore
liberate 216 times its own volume when the pressure is reduced
to the ordinary atmospheric value,

Dissolved acetylene outfits have a number of important
applications. They are used in connection with oxy-acetylene
welding, for motor-car headlights, and for the illumination of
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motor 'buses, In the United States they have also been used to
some extent for train lighting. There are also P'::'f"h"i-i]'}”il_.il‘-,qf i-m'_
1ts use for cinematograph work in connection with the new -{“ V-
acetylene incandescent projector lamp referred to :'LIJL\\'E‘ It
18, however, desirable that the films used with such a }1*1;~
should be of a non-inflammable type. ol

wtus

m o g .
T'he convenience of dissolved acetylene for emergency light-

F1c. 60.—Showing portable acetylena flares in use for illuminating
a building in course of eonstruction.

ing is evident. One has only to connect the eylinder and
release the pressure. After use the cylinder can be readily
removed to be filled again, a charged one being substituted.
The smallest size of eylinder in general use will store about 6
cubic feet of acetylene, the eylinder being about 1 foot long and
4 inches in diameter. Larger cylinders containing up to 100
cubic feet are also available.

Special Uses of Acelylene.- -Acetylene is employed in much
the same circumstances as petrol-air gas lighting, ¢g. in country
houses and remote districts where gas and electricity are not
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available. In faet, the two illuminants are keen rivals in this
field of illumination.

There are also many special uses for acetylene, arising from
the ease with which a powerful light ean be produced at short
notice. An instance is afforded by the use of acetylene flares
for night construction work. In the erection of buildings, the
mending of roads, ete., such flares are very convenient and are
widely used. Oeceasions also arise when, owing to the failure
of the regular illuminant, emergency lighting is needed, and
here again the portable acetylene generator has
proved its value. For example, it has been used
for emergency lighting at special fétes in churches
and for eountry fairs, and it was recently employed
at the Pantheon in Paris on the oceasion of the
Rousseau centenary. Neither gas nor electrieity
has been led into the building, and it was appar-
ently only at the last moment that the authorities
remembered that there were no arrangements for
artificial light. Fortunately, the situation was
saved by the use of acetylene flaves.

Acetylene, and other self-contained illuminants,
would seem to have speeial fields of utility in war-
time, when troops moving by night have to depend
on their own resources for illumination. Portable
flares and lamps would be valuable for field hos-
Fio. 61.—Aga  pitals, tent-lighting, and for searching out the
(Dalen)sunvalve.  \ounded on the field of battle. It might even

prove of use for aeroplane searchlights, where the dominant
factor is the amount of light (lnmen-hours) available for a given
weight of apparatus.

But. perhaps the best example of the special uses of acetylene
is its employment in navigation for the lighting of buoys and
beacons. Canada, Sweden, the United States, and other countries
having an extensive and irregular coast-line make constant use
of acetylene in their mercantile marine. Canada especially has
used it very largely for the buoys on her great rivers. Buoys
and beacons in remote situations may be charged, lighted up,
and left alone for months at a time and continue to furnish
their light unattended.

Through the genius of Mr Gustav Dalen of Stoekholm some
most valuable automatic devices for controlling the light from
these buoys have been contrived. The Dalen sun valve, for
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example, automatically arranges for the light to be furnished
during the night-time, but entively extinguished (with the
exception of a small by-pass) during the day. The working
of this device is based on the unequal expansion of two sets of
rods, one of which is coated black and therefore absorbs all
solar radiation, while the other is highly polished and reflects
it. During the daytime there is a difference in temperature,
and hence unequal expansion in the rods , this closes the valve,

Fre, 62.—Aga (Dalen) flash-light valve,

(ins enters by means of pipe shown at left-hand side, aud throush
the regulating valve, a portion passing 1o the pilot-burner thivosgh the
by-pass channel

Gins entering the flasher distends the diaphragm, which then exeriza
pull upon the magnetized valve tongue, shown in section, covering the
exit to the main burner. 7

When the downward pull of the diaphrazm finally draws the valve
tongue away from the mouth of the gas exit, the gas ezcapez to the
main burner, and the diaphragm returns to its normal pogition when
all the gas is digeharged. The valve then recovers the exit and the eyele
ia repeated.

The rate of flow of gas into the flasher is regulated by the valve in
the admission passage, and the length of stroke in the diaphragm (which
is exeeedingly small) is adjusted by means of the serew passing through
the eentre of the diapliragn.,

leaving only the small by-pass burning. During the night,
however, the temperature of hoth sets of rods remains the same,
and under these conditions the light is kept on. Naturally this
arrangement enables a very substantial saving in gas to be
made and extends the period of time before recharging is
necessary.

Another ingenious automatic device depends on the flow of
gas into a measured vessel. At a certain pressure all gas except
that flowing through the by-pass is cut off, but is readmitted
after a certain interval. An automatic flashing light is thus
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obtained, and the periods of brightness and darkmness can be
readily adjusted. This enables a considerable saving of gas to
be made. For instance, a flash of a duration of one-third of a
second every third second would lead to a saving of 90 per cent.
Yet the value of the light for signalling purposes would not
be impaired thereby. It is well known that an intermittent
light, besides being readily identified by the period of the
flashes, can frequently be seen at a further distance than a
steady one.

Experiments with these ingenious flashing acetylene lights
have been made on the Swedish State railways. Apart from
the natural advantages of acetylene for signal lighting, it is
claimed that the flashing method is a valuable additional means
of distinetion on the complicated multiple lines, where all the
available colours have already been utilised. For example, the
main-line signals may be readily distinguished by the fact of
their flashing, while the others are burning continuously ; it is
claimed that for high-speed traffic this is often a better means
of distinetion than difference in colour would be.

Quite recently the Road Board have been experimenting in
London with flashing signs of this kind. It has been suggested
that they might advantageously be used to indicate crossings,
obstructions in the roadway, sudden turns, ete., and would have
the merit of being readily visible by night. The use of acety-
lene for illuminating sign-posts has also been debated. TFor
country roads some form of self-contained illuminant is of
course desirable, and the acetylene equipment would probably
only require renewal at intervals of a few weeks. The main-
tenance of such signals could doubtless be attended by the
R.A.C. scouts who already patrol the roads in the respective
districts.

In 1912 Gustav Dalen was awarded a Nobel prize in
recognition of his work in connection with maritime signals.
It is sad to relate that an accident has since deprived him of
his eyesight; that light is now withheld from one whose life-
work consisted in giving light to others.



CHAPTER V,

ILLUMINATION AND THE EYE,

Construetion of the Human Eye— Analogy with a Camera and Photographic Plate—
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IN previous chapters we have considered the existing methods
of producing light by means of gas, oil, acetylene, electricity, ete.
On modern illuminants, as we have seen, a great deal of skill
and ingenuity has been expended and remarkable advances have
been made. But it is a little curious to observe how little con-
sideration, relatively, has been paid to the effect on the eye of
the light we have been at such pains to produce.

1‘01 after all, it is through the eye that all our impressions
on 1llu1mna,t10n are veceived. A method of lighting which
strikes the eye as distasteful and unpleasant will always be
considered unsatisfactory, however efficient as regards mere
creation of brightness and economy in energy consumption it
may be. In short, it is to the eye that the ultimate appeal in
illuminating engineering must always be made.

TrE CONSTRUCTION OF THE EYE.

Seeing that the behaviour of the eye is so important in light-
ing matters, it may be well to give a brief sketch of its construc-
tion. An analogy has often been drawn between the action of
the eye and that of a photographic camera. In both cases we
have two distinct appliances to consider, the optical system by
which the light is collected and directed, and the sensitive

surface on which the image is received and the impressions
135
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recorded, only in the case of the eye both these appliances are
of a much more delicate and complicated nature.!

Fig. 63 will perhaps serve to show in section the general nature of
the eye. The light entering it passes first through a transparent curved
surface known as the cornea, C. It must then pass through a series 1::-f
three transpavent refracting elements, L, Ly, and L, Of these, L, is
known as the crystalline lens, and is composed of transparent horny
material. On either side of it are refracting media of a less solid nature.
L, is an anterior chamber filled with transparent aqueous material, Ly a
chamber filled with gelatinous material, also transparent. These three
media together form a complex lens system whose function it is to form
an image on the sensitive
layer, the retina, at the back
of the eye. The construc-
tion of these retinal layers
is extremely complex, and
readers who desire fuller
particulars may be recom-
mended to study one of
the many available physio-
logical treatises on the eye,
One of the most inferesting
features is the layer of
minute light - percipient
organs known as the rods
and cones, These terminate
0. Optic nerve and “ blind epot.” s, Crystalline lens, 1 & SET1Es of delicate fibres

. Cornea. Ly, Vitreous mmonr. and  cells by which the
11, Iris diaphragm. K. Eetina, . . b ]
L, Aqueons humonr, Y. Yellow apot., retina proper 1s broug 1t

into connection with the
nervous system. In among the rods (and also, according to some
authoritics, among the cones) there flows a pigment known as the visual
purple. This is bleached by light, and evidently plays an impertant
part in responding photochemically to the luminous image received on
the retina, creating the impression which is ultimately telegraphed to
the brain.

It will be seen that the purely optical system of the eye is
of a complicated nature. It has the additional advantage
over the camera lens of being adjustable, so that it can focus
both near and distant objects. This is accomplished by the
ciliary museles attached to the lens, the tension of which ean be
increased or relaxed, so that the lens assumes a thinner or more
bulgy form according as its focus requires to be lengthened or
shortened. This effort is termed accommodation. The ordinary

! See also “The Physiological Aspects of Illuminating Engineering,” by

Dr P. W. Cobb, Lectures on [luminating Engineering, vol. ii. p. 527, Johns
Hopkins University, Baltimore, 1911,
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eye, besides being able to see distant ohjects clearly, can also
adjust itself so as to obtain a clear image of objects at distances
not less than about 10 inches—by means of a temporary severe
effort sometimes for even smaller distances. Some people, how-
ever, are unable to make the effort required to focus near objects,
and are then said to be “long-sighted,” a condition commonly
met with in old age. Others can see near objects elearly, but are
unable to distinguish distant ones, and they are then said to be
“short-sighted.” There are other lens defects, such as astigma-
tism, which interfere with clear definition of the retinal image.
Into these we need not enter, but it will be readily understood
that any continuous strain imposed on the eye by poor illumina-
tion is detrimental. For example, if the illumination on the
page of a book is insuflicient there is a tendeney to bring the
print nearer and nearer to the eyes in the effort to make out
the letters, and this constant near work naturally tends in
course of time to produce short sight. In the same way it will
be understood that exposure of the delicate retinal surfaces to
very bright lights may also be prejudicial.

In front of the erystalline lens L, there is another piece of
apparatus which serves to make the analogy with the camera
still more complete. This is the iris diaphragm, I, which covers
a great part of the lens, so that only the central portion, the
pupil, is commonly utilised. The iris thus resembles the stop
used with a camera lens, but here again we find that it differs
from the photographic apparatus in being automatic. The
diaphragm can adjust itself to the light, leaving a larger or
smaller central aperture according to ecircumstances. There
are many different conditions which affect the size of the pupil.
It is different in various individuals, aceording to the state of
their health and according to the kind of work which the eye is
called upon to perform. But from our standpoint the most im-
portant funetion of the iris is to shield the eye against excess of
light. The effect of coming from a dark room into bmgl‘it
surroundings is to cause an immediate contraction of the pupil,
thus cutting down the amount of light entering the eye 'aud
giving the retina time to adjust itself to the new conditions.
The most striking quality of the eye, indeed, is its power of
adaptation, and in illuminating engineering our aim must be tﬂ
allow time for these processes to take place; we must avoid
violent contrasts and fluctuations, which are outside its range of
adjustment and therefore give rise to discomfort and fatigue.
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There are two points on the retina which deserve mention.
At O there is an opening in the layer through which the optie
nerve passes, and it appears that the eye is incapable of seeing
an image which is received at this point. It is therefore called
the “blind spot.”

The other thing of interest is a small depression at Y, termed
the macule lutea or yellow spot. At this particular point
the acuteness of vision is a maximum, and it has been suggested
that this is due to the faect that on the yellow spot there are
mainly cones and comparatively few rods; while at its very
centre, the fovea eentralis, there are only cones, which are also
exceptionally small and fine. As we approach the more remote
part of the retina, on the other hand, we find that the number
of cones in comparison with rods becomes smaller, while at the
extreme periphery there are only rods and no cones.

As mentioned previously, many curious facts have been
observed regarding the behaviour of these organs, which appear
to play an important part in accounting for the peculiarities of
the eye at high and low illuminations. It was formerly assumed
that the cones were responsible for vision under ordinary cir-
cumstances, and that vision in very weak light was carried on
exclusively by the rods. According to the latest theories,
however, it appears that the cones are always the light-percipient
organs, and that the rods have merely a secondary function of
distributing the visual purple.

In any case there can be no doubt but that the eondition
of the eye when it has been exposed for a long time to darkness
or feeble illumination is very different from what it is when
subjected to bright light. The “dark-adapted” eye apparently
sees colours in a different way, and common experience teaches
that it is vastly more sensitive. When we emerge from bright
sunlight into deep shadow our eyes are at first unable to make
out the surrounding objects at all. In course of time they
become clearer, but this process of adaptation to environment
may require a considerable time to be complete. In the same
way, when one returns to bright surroundings the glare is at
first intolerable, but eventually, as one becomes used to the new
range of brightness, the eye becomes “light-adapted,” and one
is no longer dazzled. On the other hand, it will be readily
understood that it is possible to have objects of such exceeding
brightness that the eye eannot, within a reasonable period of
time, adjust itsell and accordingly suffers. There is reason to
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suppose that the daylight-adapted eye is in a very different
fatate‘fmm the eye experiencing the relatively low order of
illumination met with by artificial light. This may explain
some of the apparent anomalies in our impressions of daylight.

The process of adaptation is accomplished partly by the aid
of the iris diaphragm, which quickly closes when the eye is
exposed to a bright light and opens in darkness, thus varying
the amount of light admitted to the retina. But a great part
of the process of adaptation takes place in the vetina itself, and
proceeds more slowly. The change is accompanied by move-
ments of the visual purple. In the dark-adapted eye the pigment
is allowed to spread all over the retina, in the light-adapted eye
it retreats from the extremities of the rods away from the light.

The Amount of Light necessary in ovder to see Detail.—
Yet, w%ﬁle it is doubtless true that when the eye is allowed to
adapt itself to a feeble light its power of perceiving detail is
substantially increased, it is of course a matter of common
experience that a certain amount of light is in practice necessary
in order to see objects clearly. The amount necessary will
depend to some extent on the state of the eye. But it appears
possible to state an order of illumination when the eye has
beecome apparently more or less “saturated,” so that any further
inerease in illumination produces relatively little effect.

One of our first and most important problems as lighting
engineers should therefore be to establish some form of
standard for the amount of illumination required by the eye in
daily life. Experience shows that some kinds of work require
more light than others. A higher illumination is needed for
very fine sewing than for reading large type. But a first
approximation may be derived from the recorded investigations
of physiologists on the variation of acuteness of vision with
increasing illumination.

: Our ability to see things seems to depend on two distinet

factors, There is, firstly, the perception of form. Clearly the
sharpness of printed letters will depend on the perfection of
the optical system of the observer’s eye. No amount of light
would enable a person to see an object clearly if his eye lens
could not be so adjusted as to bring it into foecus.  An extremely
short-sichted person, for example, cannot as a rule be helped
out of his difficulty by very brightly illuminating the object
examined. On the other hand, the average person requires
under normal conditions a certain amount of light to read type
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clearly, and once this value is attained a further increase of
illumination is of little service.

Secondly, there is the perception of light and shade. If an
object were of exactly the same colour and brightness as its
surroundings it would be indistinguishable from them (a fact
which, as is well known, is unconsciously utilised by those
animals whose colour eventually comes to resemble that of
surrounding objects so as to make detection of their presence
difficult). The percentage change in tone which can be detected
by the human eye (known as Fechner's fraction) varies
according to the individual and the order of illamination. It
appears that under favourable conditions a difference of less
than } per cent. should be perceptible. Tscherning, however,
mentions a case of a man who could barely detect 10 per cent.,
and found it difficult to see his way about.

Thirdly, there is the complicated question of the perception
of colour. In this respect individuals differ very greatly, and
something will be said on this point in a later chapter. For
the moment the point we desire to emphasise is that this faculty,
like the two referred to above, demands for its proper exercise
a certain amount of illumination.

The explanation of the eurious changes in colour-vision which
oceur with diminishing illumination iz sfill a matter of dispute
among authorities. It may be mentioned, however, that in
fading light some colours persist longer than others. With a
very feeble illumination blues and greens still appear luminous
when a bright red has become jet-black. (This effect may be
excellently observed by watching the changes in appearance
of a bed of geraniums fringed with grass while the daylight
is gradually fnduur) Ultimately in a very weak light the eye

| loses all power of perceiving colours. Ev erything appears an
uncanny grey. It is true that Professor Burch has found that

after waiting sufficiently long in a dark room the power of
seeing colours by feeble light appears to return to some extent.
But the process is apparently a very slow one.

There are on record quite a number of independent researches
illustrating the connection between illumination and acuteness
of vision. The effect of light on the perception of form (reading
fine print, ete.) was studied exhaustively by Uthoff in Germany 2

! Proc. Roy. Soe, London, 1905,

* Graefe's Archiv, xxxii. 171 ; xxxvi. 33. Helmholtz, Handbuch der phys.
Opiek., p. 426,
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A more recent set of practical investigations has been made
by Laporte and Broca! Various standard sizes of type were
illuminated by modern illuminants, and the authors determined
the variety of type that could just be read by a specified
illumination.

In fig. 64 we reproduce a curve based on these data, connect-
ing the acuteness of vision and the illumination in foot-candles.
It will be seen that soon after the illumination falls to less than
half a foot-candle a most rapid diminution in our power to per-
ceive detail oceurs.  On the other hand, onee we arrive at about
2 to 4 foot-candles we find that the inecrease in illumination
afterwards produces only a small increase in acuteness of vision,
Laporte and Broeca thervefore agree with other authorities in
suggesting that for reading average type an illumination of not
less than 3 to 4 foot-candles (approx. 30 to 40 lux) is necessary.

The classic researches on the perception of light and shade
are those of Koenig and Brodhun, who determined the percentage
change in hrightness detectable by the eye for a very wide range
of illumination and for white, blue, and red light.* For the sake
of comparison we reproduce part of their curve in fig. 65, and
it will be at once evident how broadly similar it is to that shown
in fig. G4.

Many other tests have been carried out on this point. For
example, the results of some experiments carried out with a
Lummer Brodhun photometer on an ordinary bench was
described by one of the writers® before the Iuminating
Engineering Society in 1910, and led to substantially the same
results. From these and many other researches we shall prob-
ably not be far wrong in concluding that as far as ordinary
vision is concerned the eye has arrived at a fairly stable condition
when an illumination of 3 to 4 foot-candles is provided. There
are, nevertheless, instances of fine work in which minute detail
or objects of almost exactly the same tone have to be dis-
tinguished, or surfaces used which are dark in texture, where
an extra strong illumination would be desirable. _

There do not appear to be on record many experiments
deliberately designed to test the eonnection l.:f.:twe:en the power
of detecting fine shades of colour and the illumulmtmln. It :1:0111&
be rather difficult to express this in quantitative form. There

! Bull. de la Soe. Int. des Electriciens, June 1908,

2 Sitz. Akad. zu Berlin, 1888, p. 917,
8 [llum. Eng., London, vol. iii., 1910, p. 237.
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are, however, researches on eolour-photometry which show pretty
clearly that the «Purkinje effect” and other oddities of colour-

14
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Fia. 64, —Curves showing how acuteness of vision in various individuals
is affected by increased illumination (Laporte and Broca).

vision become accentuated at weak illuminations! and that a
fairly stable state of things would in general be arrived at when
an illumination of 3 to 4 foot-candles was provided.
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Fia. 65.—Curve connecting the “ power of perceiving light and shade™ ( &EI) with

the illumination (Koenig and Brodhun). Under favourable cireumstances the eye

can deteet a ehange in brightness of less than one per cent. ( .8, EII = 1[]{}),

This value therefore furnishes a rough estimate of the
minimum  illumination required by the eye for its normal
funections, although still higher illuminations might often be

! See, for example, Dow, Proc. Phys. Soe., London, vel. xxii, p. 60.
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profitably employed. Koenig and Brodhun have shown that
with illuminations of some thousands of foot-candles an effect
of dazzle may be produced which leads to a diminution in
acuteness of vision.

Frposure of the Eye to Violent Contrast and “ Glare”—In
what has been said above we have considered the first important
requirement of the eye—sufliciency of illumination. We now
pass on to an equally vital point—avoidance of excess of light.

In deseribing the structure of the eye it was pointed out how
marvellously it is adapted to accommodate itself to changes in
brightness. It is possible for men to endure the glare of the
sun in the tropies on the one hand, and the gloom of the ecoal-
mine on the other. But the transition from one set of conditions
to the other must be gradual and not abrupt, for the process of
adaptation requires time.

In lighting, violent contrasts should almost always be avoided.
The result of seeing something very bright immediately after
something relatively dark (successive contrast) may be very
discomforting to the eye. Everyone is familiar with the sensa-
tion of shock experienced on stepping from a dark room into
the bright sunlight, or even an interior brilliantly illuminated
by artificial means. Some minutes elapse before the eye can
become accustomed to the mew surroundings, and the constant
repetition of the experience would be very fatiguing. It is for
this reason that a fluctuating or flickering light is so intolerable
for reading. The nerves controlling the pupil aperture and the
retina of the eye are constantly endeavouring to fall in with the
changing conditions and failing to do so. In the same way
Dr Bell! has suggested that the method of lighting shown in
fig. 66 should never be practised.

When the table or desk is brightly illuminated, and the
remainder of the room is left in dense shadow, the eye undergoes
a process of sudden adaptation every time the gaze is trans-
ferred from the bright paper to the more sombre surroundings.
To many people reading in a room so lighted is very wearisome.
On the other hand, one is inelined to suppose that it would not
be desirable to go to the other exireme, and to aim at a monot-
onous even brightness. The best plan would probably be to
distribute the highest illumination on the table for the work,
but also to provide a moderate value all over the room.

1 «Phe Physiological Basis of Illumination,” Proc. Am. Aced. of Arts and
Seiences, Sept. 1907, vol, xliii. No, 4.
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So far we have spoken of successive contrast. But the eye
18 also troubled by execessive “simultaneous contrast,” i.e. when
several objects of widely different brightness are visible at the
same time. Moreover, there are many objects, such as the
naked arc light, which are probably too bright to be looked
at continuously, whatever their surroundings may be. Many
instances have been recorded of severe inflammation of the eyes
following incautious exposure to powerful illuminants at close
quarters, and it is well known that the glare of the sun reflected

Fic. 66.—Example of excessive contrast in desk lighting,

from the sea, from snow, or even from the white road may have
a similar effect,

This leads us to refer to the diseussion which took place
about two years ago before the Illuminating Engineering Society
(London) on the subject of “Glare.”! This term is perhaps a
little difficult to define precisely, but is now almost invariably
used to deseribe conditions of excessive brilliancy such as are
trying to the eye.

The glaring effect in artificial lighting is almost always con-
nected with the exposure to the eye of bright unscreened sources
of light. The primary object of light is to illuminate our
surroundings, to enable us to see the page of a book, a picture,
the walls of a room, ete., and the brightness of such compara-
tively mildly illuminated surface is well within the range of
adaptation of the eye. The sensation of glare is experienced
when one sees at close quarters the intensely bright surface of

! Hbum. Eng., London, vel. iii., 1910, pp. 99-130, 169-180.
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the illuminant itself. Everyone is aware that it is injudicious
(and indeed for most people impossible) to do more than glance
at the sun. Nature has therefore provided our eyes with the
shelter of the brow and lashes, and under ordinary circum-
stances these completely screen the eyes from the direet rays.
Yet in lighting rooms artificially people not infrequently place
unsereened brilliant illuminants in such positions that it is
difficult for the eye to escape them. The result is a sense of
weariness and fatigue. It must be remembered that the percep-
tion of such objects takes place through the formation of an
intensely bright image on the vetina. The effort of the retina
and the photochemical pigment to accommodate themselves to
this extreme local brilliancy is very severe, sometimes impossible.
Prof. Burch has mentioned that in the course of some experi-
ments on colour he deliberately focussed eoloured light on his
eye, rendering it temporarily colour-blind. The seientific experi-
ence was doubtless valuable, but the result was that for years
afterwards there were certain exhaunsted regions of the retina
which led to grey patehes in the field of vision. By prolonged
exposure to intensely bright lights at close quarters permanent
injury to the retina may be done, and when once the range of
normal adaptation has been passed recuperation is often very
slow. Fortunately, extreme cases of this kind are not common.
But the reader can easily satisfy himself as to the existence of
transient but highly inconvenient dazzle eaused by unshaded
and carelessly placed lamps. If the eyes are directed for a
short time towards the unscreened filament of an incandescent
lamp and then turned towards a dark background, a distinet
“after-image” can often be seen. This frequently changes
colour and becomes gradually fainter as the process of retinal
recuperation takes place, but if the observer goes into a dark
room the image can be seen for much longer. According to
Prof. Burch, it is only after waiting for several hours in com-
plete darkness that all traces of dazzle disappear.

The question therefore arises, what ought the limiting
brightness of objects in an ordinary artificially lighted room
to be? This is a somewhat complex question. It may perhaps
be well at this stage to give a table of the “infrinsic brilliancy ”
of various objects. Some of these figures are the results of
actual measurements by the authors, others are taken from the
published tables of authorities on this subject. It is now

generally recognised that the chief factor in giving 1*is§ to an
1
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impression of glare is not so much the total amount of light
given by a souree, as the manner in which this light is concen-
trated over a small area. For example, if 50 c.p. were spread
over 1 square foot, the retina would probably find little
difficulty in adapting itself to this order of brilliancy ; but when
this same amount of light is concentrated over the small
dimensions of a metallic filament, the image formed on the
refina appears painfully bright. The degree of concentration
of the light is conveniently expressed as the candles divided
by the area of radiating surface of the source, and this
quantity is termed intrinsic brillianey.

Tarpre I.—InTRINSIC BRILLIANCY OF VARIoUS ILLUMINANTS.

| Superficial Intrinsie

ource. Cancles. rea, * Erillianey.
B Inches, | Candles per sq. inch,

Pine splinter . : : : 5 K 12
Roman oil lamp . - : : 0-8 02 04
Candle : ; : ; : 1 04 | 2-5
Rape oil lamp . ; : - 1-10 02-2 | 5
Petrolenm . . AR 5-15 1-3 5
Gas, flat flame . . N : 5-25 2-5 25

Argand . . LA ; 30 4 5
Acetylene . : : : 25 1-2 10-25
Gas, (incandescent) ;

Low pressure . : : .| 10-80 1-3 10--30

High pressure . : : . | 100-1600 | 2-5 50-300
Electrie incandescent

Carbon filament . : : 16 004 400

Metal - - a2 004 800
Electric arc lamp {naked} ; 20,000 (approx.)
Holophane globe E.urrmmding . 0:5-1-0

metal-filament lamp (av.).
Dense ofpal globe surrounding 0-1-06

metal-filament lamp.
Heavy silk shades, Chinese 001-0-2

lanterns, ete., covering small

incandescent lamps, candles,

ele. -

Average brightness of sky : I 2-5
|

* Apparent area caleulated in direction of maximum candle-power. The figures given in this
table are naturally only approximate,

It will at once be seen how vastly the intrinsic brilliancy
of many modern illuminants exceeds that of the older sources
of light, the flat-flame gas-burner, the oil lamp, and the candle.
Some authorities, arguing that the candle-flame has about the
highest intrinsic brilliancy (about 2} ec.p. per square inch) to
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be observed with comfort at close quarters, have suggested that
all sources used in this way should be so screened that their
brightness does not exceed this value. Curiously enough, the
average intrinsic brilliancy of the sky is about the same. Now,
under average climatie conditions the white sky is about the
most brilliant surface which is seen constantly, and presumably
our eyes have developed to this limit. This, therefore, suggests
another reasonable ground for fixing the minimum permissible
intrinsic brilliancy near 2 to 3 e.p. per square inch.

It does not seem a very difficult matter to keep the intrinsic
brilliancy of sources exposed in the direct range of vision down
to this value. The brightness of an opal shade completely
screening an electrie glow-lamp, for example, will usually be
found to be in the neighbourhood of (1 to 05 e.p. per square
inch only. Some writers have suggested that 2 to 3 e.p. per square
inch is still excessive, and that in small rooms a limit of 01 e.p.
per square inch is really necessary.

But it is quite clear that caution is needed in imposing
limits of this kind, Conditions which are offensive and glaring
to some eyes are apparently not so to others. We must also
bear in mind the effect of adaptation of the eye. Even a
lighted match will appear glaring to a person suddenly waking
in the night. Again, a lamp which would scem insufferably
bright at one's elbow may be quite inoffensive when it is
hung near the ceiling of a large room. The nature of the
background to the bright source is important. An unscreened
filament, seen against a dark wall or curtain, seems distinetly
more trying than when its background econsists of a white
diffusing material.

In the case of lamps placed at one’s elbow it is usually
advisable to use an opaque shade, which throws as much light
as possible on the object illuminated, but completely conceals
the source itself from the eye. But in many cases, particularly
in a large room where the lamps are hung high up near the ceil-
ing, the exposure of the mantle or filament occasions much less
inconvenience; the brow shades the eye from the direct rays
of light, just as it protects them from the sun. It should,
however, be remembered that in most cases the use of a reflector
is economical, quite apart from its function of sereening the
illuminant from the eye, because it serves to direct most of the

light downwards, where it is chiefly needed.
Ope of the most definite series of rules drafted for the
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avoidance of glare is that proposed by Prof. L. Weber of Kiel!
As an illustration of the general precautions to be aimed at they
arve instructive, but it will naturally be understood that even
these rules cannot be applied rigidly to all circumstances.
According to Prof. Weber an installation may be “ glaring "—

(@) If the ratio of the intrinsic brilliancy of the source of light to that
of the illuminated surroundings exceeds a certain limit, This ratio should
not exceed a value of about 100.

(b) If the absclute intrinsic brilliancy of the source exceeds a
certain value. The brilliancy of the open candle-flame (about 24 c.p.
per square inch) might be taken as the safe limit.

(c) If the angle between the direction of vision of the eye when
applied to the work it is called upon to do (e.g. when gazing at a desk,
blackboard, or diagram on the wall, etc.) and the line from the eye to
the source of light is too small. This minimum angle might be pro-
visionally assumed to be 30°.

(d) When the extent (apparent area) of the illuminating body is
t?u large. The source should not subtend an angle of less than 5° at
the eye.

In considering glare one may naturally allow more latitude
in some ecases than in others. For example, in a school or a
library one would naturally take special precautions to avoid
anything liable to distress the eyes. It is not too much to say
that in these cases no bare mantle or filament should be visible
to readers or scholars. On the other hand, in a restaurant, while
discouraging the offensive and vulgar display of a multitude of
bare lamps, one must remember that a certain amount of mild
sparkle may sometimes be desirable. The same, of course,
applies to street decorations, although even here the finest
effects are secured by exercising a certain restraint. In shop
lighting a distinetion should be drawn between the uses of
bright lights for advertisement and for window lighting. In
many cases bright outside lamps are insisted on, and the best
that can be done is to secure their arrangement at such a height
as to achieve their spectacular purpose without dazzling those
who wish to see into the windows. But it will be found that
in the highest class of shops, methods of lighting by concealed
sources, similar to those used on the stage, are superseding mere
brilliance. In almost any lighting problem a good rule to follow
is “ light on the object, not on the eye.”

There are some other effects which are sometimes included
under the heading of glare. Dr Ettles has referred to the effect

L Ilum. Eng., London, vol. iii., 1910, p. 116,
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of light entering the eye and undergoing reflection to and fro
by the various optical surfaces. This tends to produce a luminous
mist, which is superimposed over the main image and thus inter-
feres with its sharpness. The effect appears to be accentuated
when the eye looks at an excessively bright object; it may
perhaps help to explain the great inconvenience of being able
to see a light “out of the tail of the eye” at the same time as
one is trying to read a photometer. According to Stockhausen,
the presence of ultra-violet rays in an illuminant tends to produce
fluorescence of the eye lens, and this again gives the impression
of a luminous haze, which interferes with the clearness of vision.

Another form of glare is produced by direct reflection from
shiny paper. Some of the highly glazed paper used for
art printing is particularly trying, and in children’s books,
particularly, a matt variety of paper is to be preferred. At
present, unfortunately, “ art ” paper is regarded as essential for the
very best reproduction of fine half-tone blocks; but some of the
matt art papers now available give very promising results.

In cases in which reading or writing on more or less shiny
paper is constantly going on, it is desirable to scheme out the
system of illumination specially with a view to avoiding direct
reflection. When local lamps are employed, the angle at which
the rays strike the paper should be carefully selected. Unless
care is taken, local lighting may be conspicuously bad in this
respect. When general lighting is provided, it is desirable to
use a distributed series of small well-shaded units. Indirect and
semi-indirect methods, which carry this subdivision of units
still further, are particularly advantageous in this respect.

AcuTENEss oF VisioN By LigaT or VaArious COLOURS.

Something may next be said regarding the effect of coloured
light on the eye. On ‘this we shall have something to add in
the next chapter. For the moment we may confine ourselves to
the question, what abnormal physiological effects, if any, are
likely to be occasioned by the differences in colour met with in
artificial illuminants ?

Unfortunately, there seems to be little trustworthy injfurma-
tion yet available on this point. The eye, as we know, is only
sensitive to a single octave of vibrations—from the extreme
violet (0-4u) to deep red (0'8u)—and these cnl_-::urs are prrasent in
varying degree in the case of artificial illuminants. Yet, taken
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as a whole, the composition of the artificial light from commerecial
sources does not differ so much as might be supposed; what we
usually get is something equivalent to “white light,” with a
slight admixture of some predominant tint. Claims are not
infrequently made for one or another illuminant that it is “less
trying ” to the eyes, but these are not infrequently of a vague
and conflicting nature. One so often finds on examination that
it 13 the manner in which the illuminant is used, rather than
the quality of the light itself, that is at fault. The statement so
freely made at one time that “ electrie light is bad for the eyes”
“seems to have originated rather in the misuse of the compara-
| tively bright electric filaments, their exposure at close quarters
| without proper methods of shading, and the resultant glare
rather than in any defect in the quality of the light. The
colour of the light yielded by the electric incandescent and are
lamp, the incandescent mantle, acetylene, and other illuminants
is in each case considerably different from that of the old oil
lamp and the candle. Yet it cannot be said that there has yet
been proved to be anything physiologically wrong with the
colour of any of these illuminants, provided they are used in a
reasonable and judicious way. Some doubt may perhaps be felt
regarding the results of continuous exposure of the eyes to the
more peculiarly coloured sources, such as the mercury-vapour
lamp. One might imagine, for example, that the colour-sense of
people who habitually worked by a light of this kind would be
affected. But the matter does not seem to have been tested out
thoroughly as yet, and we have little definite evidence.

It has been suggested that some lights give better definition
than others, ¢.e. that objects illuminated with a eertain brightness
appear sharper and better defined in some cases than in others;
and that some illuminants arve better than others for reading
and close work. The existence of such an effect is conceivable
but there is little evidence to show that ordinary commereial
illuminants differ very widely in this respect, This seems to be
the conclusion of Laporte and Broca,! who have studied the
matter with some care. In the case of monochromatic light
there would seem to be evidence of more marked differences.

The researches of Koenig and Brodhun (loc. cif.) on the per-
ception of light and shade suggest that at very weak illumina-
tions there is greater sensitiveness for blue light than for red, but
that at moderate high illuminations there is little difference to be

1 Bull. Soc. Int. des Electriciens, June 1908.
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seen. It would appear that such difference as is found is merely
due to the fact that at very weak illuminations the hrightness of
the blue would appear the greater. Repetition of their experi-
ments with a Lummer Brodhun photometer has shown that, for
a grwen subjective brightness, there is little difference between
these colours as regards perception of tone.!

But in the case of perception of form we find that another
factor comes in, namely, the want of achromatism of the eye.
Tscherning, Helmholtz, and other physiologieal authorities have
long ago drawn attention to this peculiarity of the eye, and
Shelford Bidwell many years ago pointed out that the average
eye is habitually short-sighted for violet?! The ordinary eye-
lens is unable to focus light of widely different colours simul-

Fic. 67.—The rays of white light from A are split up at B and C, the red rays
being focussed at R behind the retina, and the violet rays at V in front of

the reting.

taneously. Thus if A be a luminous point its rays are split up
on reaching the eye at B and C. The violet light is brought to
a focus, say, ab V, while the red focus is further back at R.
Yellow rays would be assembled on the retina intermediate
hetween these two points. Evidently the eye cannot adjust
itself so as to see all these colours equally sharp at the same
time. ‘

The usual experience seems to be that whereas there is not
much difference between the sharpness of objects illuminated
by light of different colours for near vision (because the observer
can accommodate by a strong effort), at a little dlsta_,uce things
illuminated by the blue end of the spectrum appear quite blurr.ed.
A line speetrum thrown upon a screen seems to spread out like
o fan at the violet end; and black lines on a white ground,
illuminated by a mercury-vapour lamp sereened wi!;h den§e blue
olass, can be made to disappear completely at a little distance.

1 Dow, [lum. Eng., London, vol. iii., 1810, p. QBE! .
% Curiosities of Light and Sight, by Shelford Bidwell, pp. 95-97.
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In general, therefore, one would expect the red end of the
spectrum to be best for illuminating clocks, signs, and notices to
be seen at a distance, while green or even blue light might be
best for very near work.!

When observing objects illuminated by ordinary white light
our eyes probably accommodate for the most luminous central part
of the spectrum, while the light in the extreme red and violet
in general tends to “fuzz” and blur the image. A distinctly
sharper image, it is said, can be obtained by using monochromatie
light. It might therefore conceivably pay us sometimes to block
out the rays which cannot be focussed; by so doing we should
obtain less light, but better definition. For example, experiments
conducted by one of the writers on the mercury-vapour lamp
have led him to the conclusion that the eye cannot accommodate
for the yellow, green, and violet rays simultaneously, and that
better “seeing power” would often be obtained by interposing a
screen to cut off the blue and violet rays.

This question of using monochromatic light to improve acute-
ness of vision has also been investigated by Luckiesh. He, too,
finds that monochromatic light will in general be better than
white light for the purpose, and that yellow rays (0-58u) in
general give maximum visual acuity.?

PayvsioLocicanL ErrecTs oF CoLOURED LIGHT.

Let us now turn to the so-called physiological effects of
coloured light. On this point very little is known. Our eyes, it
18 true, seem to be most sensitive to light in the central region of
the spectrum, the green-yellow. Waller has shown that photo-
chemical action is most readily produced by light of this kind,
and more recent researches on luminous efficieney seem now to
have established the point of maximum sensitiveness with fair
precision. On either side of this point the effect on the retina
becomes less, and in the extreme red and violet it requires an
exceedingly large amount of energy to produce any impression
of light at all. One would therefore expect that exposure to
large quantities of pure red or violet light, such as one seldom
meets in nature, would produce peculiar effects. But it is by no
means easy to produce radiation of this kind in large quantities,
and little seems to be known definitely regarding their effect on

1 Dow, Illum. Eng., London, vol. ii., 1909, p. 233.
* Elee. World, 18th Nov. 1911,
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vision. Steinmetz has expressed the view that red light is
particularly fatiguing, and that the pupil aperture of the eye is
expressly designed to protect it against excess of this kind of
radiation.!  According to this theory the pupil aperture should
react mueh more readily to the red and infra-red than to other
regions of the spectrum. This, however, does not appear to have
been confirmed. Some experiments were carried out by one of
the authors in conjunction with Mr V. H, Mackinney, and later
also with Dr W. Ettles, on this point, and it appeared that the
contraction, in so far as it was affected by light, depended more
on brightness than colour. This is in accord with the experience
of Hayeraft,” who obtained flash-light photographs of the pupil
of an eye, placed successively in the various regions of the
spectrum. The greatest effect was produced in the yellow,
where the luminosity is also most intense.

Very peculiar are the influences upon mental conditions
attributed to visible light of different colours. Let it be clearly
understood that many of these effects about to be deseribed
require verification, and can hardly be accepted as scientific
fact. But many of these speculations on the influence of
coloured light are so interesting—and illustrate so aptly the
contention that light has an intimate effect on health—that
they cannot be entirely passed by.

It would seem that we have become accustomed to associate
certain colours with certain sensations. We speak of the
colours at the red end of the spectrum as “warm” and those at
the violet end as “cold.” This association, however, seems to be
psychological in origin. For most heat-giving processes have,
in the past, been associated with the red and orange shades. It
is only recently that we have been able to secure sufficiently
high temperatures to render the blue end of the spectrum
prominent. The flaming torches of the ancients, the coal fire
and the charcoal brazier, the oil lamp and the candle—all these
sources of light and heat are rich in the hues of the red end
of the spectrum. '

Naturally, therefore, we have come to associate the idea of
warmth with the red and orange hues of firelight and artificial
illumination, and the converse idea with the blue shades of twi-
light, heralding the approaching night and the coldness without.

1 «Light and Illumination,” address before the Illuminating Engineering

Society, U.8.A., Illun. Eng., New York, Dec. 1906,
2 Schiifer’s Phystology, vol. ii. p. 1078.
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But we also associate an idea of excitement and stimulation
with the warm hues, which is absent from the eolder shades.

The exciting influence of the red rag upon the bull is seem-
ingly not confined to this animal. We ourselves constantly
select red as the symbol of the passions and of exciting and
irritating ideas. It 1s this influence which has led us to choose
this colour as the symbol of danger and war.

Many curious instances of the exciting influence of the red
shades and the converse effect of the so-called cold shades have
been reported. The influence of red light is stated to be at
first bracing, and persons exposed to its influence become cheer-
ful and animated. KEventually, however, if the exposure is
unduly prolonged, this mental state gives place to a condition of
irritation, and may even develop into a species of delirium.

Blue and violet light, on the other hand, are said to exert
a soothing and subduing effect, and therefore may also be of
a beneficial character, . . . may, for instance, prove of use in
relieving insomnia. But in this case also, if the exposure is too
prolonged, the initial soothing influence may become depressing,
rendering the person acted upon melancholy and dreamy,
Indeed, the confinement of prisoners in rooms from which all
but blue light had been excluded is said to have exerted a
permanently injurious and “benumbing” effect upon the
mental faculties, rendering them incapable of making any
strong effort.!

The popular expression “to be in the blues ” thus apparently
rests upon a scientific basis.

These qualities of red and blue light are said to have proved
of benefit in the treatment of many cases of insanity. Aeccord-
ing to Dr Ponza of Piedmont, cases of mania, where the excited
behaviour of the patient calls for restraint, are quieted by exposure
to blue light. Cases of melancholia, on the other hand, which
call for a tonie, benefited by exposure to the stimulating red
light.

= The author referred to above quotes several other cases of
the peculiar influences of red and blue light. One such case
was that of the workers in the photographic works of the
“ Maison Lumiére.” Much of the work earried out was done
under the influence of red light; it was then found that the
workers became very excited, gesticulated, and sang, but the
substitution of a different form of coloured glass had a quieting

1 See Light Energy, by M, A, Cleaves, p. 600
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effect and they then returned to their normal tranquillity (Light
Energy, p. 591).

Some very interesting illustrations of the physiological
effects deseribed in this chapter may also be derived from the
study of the influence of light on plant lite.

When one recalls that Siemens as long ago as 18801 drew
attention to the remarkable results which could be secured in
this way, it seems strange that horticulturists should still
make such little use of these effects at the present day, when
artificial light can be produced so much more cheaply.

Siemens showed that the continuous application of intense
light not only enabled the plant to stand a greater temperature,
and so to make better growth, but in itself promoted a luxuri-
ance of foliage, an intensity of colouring, and a rapid ripening
of fruit beyond that obtainable under ordinary conditions.

By experiments under glass of different colours, too, he came
to the conelusion, as other investigators have done, that the red
and yellow rays in the spectrum are most eflicacious in produe-
ing the decomposition of carbon dioxide by the vegetable cell
and in assisting growth.

He also found that an excess of ultra-violet energy produced
an unfavourable influence on plant life? For the light from a
naked are light caused the leaves of plants, upon which the rays
impinged directly, to shrivel and wither away. But by the
introduction of a screen of plain glass between the source and
the plants experimented upon, the injurious rays were absorbed
and further trouble was avoided,

Some other interesting instances of the influence of light on
plant life were given about the same date by Schiibeler,® who
drew attention to the influence of light upon the colour and
aroma of plants,

The extraordinarily rapid growth of vegetation in the Arctic
regions during the long period of uninterrupted sunshine which
follows the Arectic winter has often been remarked; and also the
rapid ripening of corn in regions of Norway and Sweden, where
the summer does not exceed two months, but where the sun
during this period scarcely sets. _

As a curious illustration of the effect of light on the lower
forms of life, we may recall the connection between the abund-

1 Proc. Roy. Soc., clxxxviil. p. 210,

2 Brit. Assoc., 1881, p. 475.
3 Nature, 20th Jan, 1880,
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ance of sunlight and the mackerel industry traced by Mr .J.
Martin Duncan in a lecture before the Royal Society of Arts
(London).!

It appears that these fish feed largely on a certain vegetable
organism, and their prevalence during the fishing season depends
on the amount available for consumption. Now these organisms
can only develop fully in periods of light sunshine. Conse-
quently, during the years when there is an undue preponderance
of dull, cloudy days, the . vegetable organism is scarce, the
mackerel which feed upon it do not frequent the coast in such
oreat numbers, and the fishing industry accordingly suffers.

Very remarkable are some of the recent results of M. Camille
Flammarion? who attempted the culture of “sensitive” Mimosa
plants under the influence of light of different colours.

At the end of a few months the plants placed in blue light
had scarcely gained in growth at all. They appeared, too, to be
in a “ benumbed ” and comatose state, and exhibited none of the
sensibility to touch normally characteristic of these sensitive
Mimosas,

But the plants grown under red light were four times as
big as those grown under ordinary white light, and fifteen
times as big as those grown under blue light. In addition to
this they had developed well-marked flower-balls, which the
other plant had not even begun to do, and were in an acutely
sensitive state.

Here, therefore, we have another illustration of the peculiar
(and possibly excessive) stimulating effect of the red end of the
specbrum, and the converse deadening effect of the blue rays.
The general effect of radiation on life has been strikingly treated
by Steinmetz.?

According to his view, it would appear that the red, orange,
and probably the yellow rays, by assisting the photo-resonance
and building up of complex organic chains of molecules, stimulate
plant life,

The visible blue rays, on the other hand, exert a soothing
influence, produce insensibility, and arrest the progress of life
without actually destroying it.

! 20th March 1912,

* Bulletin de la Socidlé Astronomique de France, Aug. 1897 ; see also article
by G. Clarke Nuttal in the Fortnightly Review, April 1907, p. 723.

3 Address before the Illuminating Engineering Society in the United
States, Third Annual Convention, 1909,
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But the ultra-violet rays, when present in any but small
quantities, seem to cause resonance of the individual atoms on
atomic systems, break up the complex molecules, on the inter-
action of which the very existence of life depends, and so eause
death.

Imfluence of I'mvisible Radiation.—So far we have spoken
of the effect of visible rays. But, as will appear in the next
chapter, artificial illuminants also produce large quantities of
non-luminous radiation, and it remains to ingquire what effect
these vibrations have on the human eye. On either side of the
restricted range of visible waves of light there is a vast region
which the eye cannot see. Rays beyond the deep violet (of
shorter wave-length than about 0°4u) have a frequency higher
than visible light, and are known as “ ultra-violet.” These rays
are known to be instrumental in causing chemieal action. As
hinted above, photochemical action seems to be mainly a matter
of optical resonance. If the atoms of the substance acted upon,
or the eleetrons of which they are composed, possess a natural
period of oscillation comparable with that of the wave attacking
them, they are set into rapid vibration, break up, and recombine
in a more stable form, and chemical action oceurs.

The visible rays seem to possess too great a period to cause
resonance of any but very complex groups of molecules, and the
radiations of larger wave-length and slower frequency than the
visible vibrations (known as the “ infra-red ”) are presumably even
less active in this respect. But in most artificial illuminants
they form far the larger part of the energy produced, so that any
effect they do exert deserves to be taken into account.

The chemical activity of the ultra-violet rays is now well
established. These rays play an important part in photography,
cause coloured pigments and materials to fade, and have now
been shown to have a marked destructive effeet on eertain kinds
of bacteria. Sunlight is often exceptionally rich in these rays.
Sunburning is now understood to be due to them, and not, as
might naturally be supposed, to the heat. The rays of short
wave-length are absorbed to a great extent by the earth’s
atmosphere, and particularly in cloundy weather. But with a
clear sky, and in high altitudes, the ultra-violet rays are more
potent. Mountaineers have to take special precautions to avoid
excessive inflammation of the face and eyes.

One very curious illustration of this effect is the marking of
the skin in smallpox. As far back as the thirteenth century
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it was known that the scars of this disease were much milder if
the patient was kept in a room hung with red curtains. Only
after the work of Finsen, in the last century, was it generally
recognised that the red curtains were effective because they
obstrueted the ultra-violet rays. At the present time, how-
ever, it is known that such curtains are not the only means
(nor the best) of achieving this end, and other precautions are
adopted.

At the same time it need not be supposed that ultra-violet rays
are necessarily prejudicial. In excess they presumably are, but
in moderation they have useful functions. The bronzing of the
skin is frequently an indication of health, and “sun-baths " and
light-baths of various kinds now form an integral part of medical
treatment. In treatment of skin diseases, too, ultra-violet rays
appear to be beneficial ; and in the Finsen light, which has proved
so efficacious in treating lupus, such rays seem to play an
important part.

Besides affecting the skin, excess of ultra-violet light appears
to be irritating to the eyes. The researches of physiologists
suggest that the snow-blindness frequently experienced by
mountaineers in high altitudes is largely due to the exceptionally
strong ultra-violet element, although the refleetion of the visible
rays of the bright sun from the snow in itself has doubtless
a contributing effect.

During the last few years a number of artificial illuminants
have made their appearance which are exceptionally rich in
ultra-violet rays. Some of them appear to rival and even
surpass direct sunlight in this respect. Experience has shown
that incautious exposure to such illuminants at close quarters
may also have bad effects. For example, it is a common ex-
perience, after exposure to a naked are light for some time, to
suffer from inflammation of the eyes and peeling of the skin.
The mere fact of receiving an image of such great econcentrated
brilliancy on the retina would naturally be prejudieial, but the
trouble seems to be accentuated by the large proportion of ultra-
violet energy. One of the writers, for instance, has met with
a case in which an ordinary carbon arc was used for weeks without
injury. But when, for the purpose of some experiments, an
iron-cored electrode was introduced inflammation immediately
followed. Experience has also shown that the are formed in the
process of eutting and welding iron electrically is very rich in
ultra-violet rays, and is apt to give rise to trouble unless complete
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precautions as regards screening the eyes are taken. An interest-
ing illustration of this kind is afforded by some experiments at
Niagara Falls on 29th December 1901, when a powerful 350-amp.
arc was used to bore through an iron plate. Everyone who wit-
nessed the experiment afterwards suffered from inflammation
of the eyes, with the exception of two men who happened to
be short-sighted and wore glasses. In subsequent work masks
in which white stonecutter’s goggles had been mounted were
employed, and no further trouble was experienced.!

Thick glass is impervious to the shortest ultra-violet rays,
and this affords another reason for sereening modern powerful
sources so that the direct rays are not received by the eye. On
the other hand, clear glass, and even the blue glass customarily
employed, does not seem to be sufficient protection for near work
with the latest and most powerful sources of ultra-violet light,
such as the quartz tube mercury-vapour lamp, and special
observing sereens are here advisable.

The cataract experienced by glass-workers has also been
attributed to the ultra-violet radiation from the molten glass in
the furnace, but it seems probable that the intense heat is also
a contributing factor.

It has been pointed out that there is a certain tendency in
modern illuminants towards richness in ultra-violet light as well
as great intrinsic brilliancy. Even the ordinary illuminants, the
metallic-filament lamp and the incandescent mantle, contain
considerably more ultra-violet energy than the old flat-flame gas-
burner and the eandle, and there are eertain other sources which
seem to be quite exceptionally powerful. This has led Schanz
and Stockhausen to undertake a very elaborate investigation
into the effect of ultra-violet rays.? In addition to the evidence
of their ill effects in causing cataract and snow-blindness, ete.,
these observers mention that the concentration of ultra-violet
rays on the eye-lens causes fluorescence and even a turbidity
which may develop into complete opacity. They have also
found that ultra-violet rays may be grouped into three classes,
(1) those between 0-35x and 04y, which cause the eye-lens
to fluoresce, but also reach the retina, where they may exert
prejudicial action ; (2) those between 03p and 0-35u, which are
practically entirely absorbed by the lens; and (3) those of wave-

! Phatotherapy, by Morell, p. 472.
2 Flekirot, Zeitschr., 13th Aug. 1908 ; Illum. Eng., London, vol. iii., 1910,

p. 181.  See also Klein, Gesundheits-Ingenteur, No. 15, 1912.
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length less than 0-3u, which do not penetrate the eye to any
extent, but are responsible for inflammation of the outer eye,
the eyelids, ete.

The most obvious effect of exposure to ultra-violet rays, the
inflammation of the outer eye, is thus caused by the rays of
very short wave-length, which are readily absorbed by ordinary
clear glass. But the two other varieties (03u to 04w), it is
suggested, may be responsible for more deep-seated injury, and
these are not absorbed by ordinary glass to any great extent.
Drs Schanz and Stockhausen have therefore prodnced a form of
glass (which they term “Euphos”) which has the property of
absorbing ultra-violet radiation while being mmpﬂ,mi,h ely
transparent to visible rays. Luckiesh has recently given the
absorption eurve of this glass throughout the visible and ultra-
violet spectrum, as t:mnpa.md with various other varieties.
Spectacles composed of Huphos glass are said to he very
efficacious in preventing snow-blindness, and it has also been
suggested that lamp-bulbs and chimneys might with advantage
bL m:;u:le of this material. For close observation work w1th
powerful lamps this glass may well be combined with a dark
variety, excluding most of the visible light.

The question of making glasses to cut off excess of visible,
infra-red (heat), or ultra-violet radiation has since been taken up
very thoroughly by Sir William Crookes. He deseribes a great
variety of glasses, some of which are stated to be opaque to
ultra-violet rays and yet to have only a slight coloration,
transmitting 70 to 90 per cent of visible light. These researches
were undertaken in eonnection with the Cataract Committee of
the Royal Society of London.!

While there seems general agreement as to the need for
precautions when pcm*mful sources are used at close quarters,
and of adequate screening of commereial illuminants containing
any large pr opor tion of these rays, opinion still seems divided as
to whether any injury is likely to be caused by their presence in
daily life. Proper methods of shading should go far to remove
any such danger. Voege? has suggested that if this is done the
effect of ultra-violet light merely reflected from surfaces in the
ordinary way should not give rise to any inconvenience. He
points out that a surface illuminated by daylight will frequently
not only be brighter, but will also reflect a larger amount of

1 Phal. Trans,, Series A, vol, cexiv,, 1914, pp. 1-25.
= Klektrot. Zevtschr,, 13th Aug. 1908,
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ultra- violet energy than is likely to be derived in this way from
any artificial illuminant at present in use. Yet we have not
hitherto regarded daylight as harmful. Luckiesh?! and L. Bell
have published researches leading to substantially the same
conclusion. Moreover, while excess of ultra-violet rays is
doubtless prejudicial, there appears good ground for supposing
that their presence in small quantities is beneficial, and even
necessary to health. Reference has been made to their action
on the skin, and it seems probable that they play a part in com-
bating the germs of many diseases. An interesting historical
summary of researches into their destructive effect on bacteria
has recently been given by Bujwid? The explanation of the
well-known prejudicial effect of excluding sunlight from rooms,
and even of keeping the glass windows continually closed, seems
to lie partly in the exclusion of these germicidal rays. It may
also be mentioned that ultra-violet energy has found quite an
important field of application for the sterilisation of water
(destruction of cholera germs, ete.), and one of the writers was
assured by a fruit-grower in the north of England that he had
found these rays most useful for checking fungoid diseases of
plants.

Very little is known regarding the effect of the infra-red
rays. It is well known that close proximity to sources which
yield an abnormal amount of heat produces uncomfortable sen-
sations, such as a sense of tension of the forehead, a dryness of
the skin and eyes, and a tendency to shed tears. One of the
few records of investigations on this subject is supplied by
Ballner.* Here, again, it is evident that one of the most
important points is to prevent the direct rays of light entering
the eye. But conceivably even the light reflected from paper,
ete., might be trying to the eyes if a very large propmttmn
of heat rays were present. Ballner mentions a case of an
incandescent burner in which an illumination of more than
11 to 16 foot-candles proved inconvenient in this respect. But
it is doubtful if this conclusion could be applied in the case of
modern burners, and the matter requires fuller confirmation.
While referring to this question we may also recall the long
controversy that has raged round the effect of gas lamps on

1 Elee. World, 15th June 1912,
2 Jhid., 13th Aprii 1912, _
5 Jour, f. Gasbeleuchtung, 2nd Sept. 1911.

1 See [Mlum. Eng., New York, June 1906. i
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ventilation and on the air in confined rooms. Comparative
researches on gas and electricity have been instituted and have
yielded instructive results.! But much remains to be done in
this field, and repetition of experiments by different observers
is always desirable. Taking a broad view, it may be said that
the introduction of the incandescent burner has done much to
remove the objection formerly urged against gas lighting with
regard to vitiation of the atmosphere, undue heating, and forma-
tion. of moisture in rooms. In modern well-ventilated rooms,
and with up-to-date forms of lamps, no inconvenience in this
respect should be experienced. On the other hand, circumstances
are occasionally met with in which the entire absence of produets
of combustion, and the eonfinement of the illuminant in an air-
tight space, are advantageous and even essential, and it may then
be preferable to use incandescent electrie lamps.

On the whole the impression left by the available records of
researches into the effect of light on the eye is somewhat incon-
clusive. A considerable number of minute researches of a purely
medical and physiological character have been ecarried out, but
it is difficult to draw general conclusions applieable to daily life.
A full series of references to papers on this subject was given by
Mr Herbert T. Parsons in a recent paper at the Seventeenth
International Medieal Congress, held in London in 1913.2 The
subject has also been considered by a research committee
appointed by the Illuminating Engineering Society in the
United States® The report of this committee also contains a
valuable series of references. The need for fuller quantitative
data is emphasised and a number of suggestions are made for
future work.

That certain forms of radiation may be harmful to the eyes
is generally admitted, but the exaet conditions that cause injury,
and the amount of radiation that is harmful, have not been
definitely ascertained.

Similarly, while it is common knowledge that habitual
working in a poor light leads to eye strain and general fatigue,
we have not at present eomprehensive statistical data regarding

! See, for example, Dr 5. Rideal on* The Relative Hygienic Values of Gas
and Electricity,” Journal of the Royal San. Institute, March 1908,

¢ *‘Affections of the Eye produced by Undue Exposure to Light,” paper read at
the Seventeenth International Medical Congress, held in London, August 1913.

3 % Harmful Radiations and the Protection of the Eyves therefrom,” Trans.
THlium. Eng. See. U.8. 4., vol. ix.. 1214, p. 307.
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the amount of injury thus caused, simply because no sufficiently
systematic and ecomplete inquiry has yet been undertaken.

These are gaps in our knowledge that one would like to see
filled before long.

CoNCLUSION.

We may conelude this chapter by a few general remarks on
the value of light, not only in connection with the eye, but as a
means of preserving general health. Medical science now seems
to recognise that abundant illumination is a necessity in the
same way as pure water, fresh air, and proper sanitation. This
view of the subject was strikingly expressed in an address
delivered by Sir James Crichton-Browne about ten years ago.

“ Sunlight,” he said, “ penetrates much deeper than the skin.
It quickens the eirculation, it increases the oxidation in the body,
it enriches the blood, it promotes nutrition in every organ and
tissue. . . . Fresh air, pure water, good drainage, unadulterated
food, well-ventilated dwellings are cardinal sanitary requirements,
and bright light must henceforth be added to their number.”!

In addition, the effect of poor lichting, whether natural or
artificial, reacts on the health in other ways. It leads to neglect
of cleanliness, for what is not clearly seen will not be thoroughly
cleansed. It increases the difficulty of processes which tax the
eyes, and adds to the strain of arduous employment. It is
specially objectionable in the case of trades which involve the
handling of peisonous materials, and is favourable to the develop-
ment of many diseases, such as tuberculosis and anthrax. Kven
normal healthy persons are notoriously apt to be depressed by
working for long spells of time in gloomy, sombre surroundings.
They become morose and their health eventually suffers. In
the treatment in the best modern sanatoria great stress is laid
on the value of abundant sunlight.

We may erystallise this general recognition of the hygienic
value of good illumination by quoting the Italian proverb, “ Dove
non va il sole va il medico” (“ Where the sun does not enter the

doctor comes ).
! «Light and Sanitation,” address delivered before the Manchester and
Salford Sanitary Association, 24th April 1902.



CHAPTER VI
COLOUR AND THE EYE.

Some Theories of Vision and Colour Perception—The Eye compared with a Wireless
Telegraphy Receiver—The Young, Helmholtz, and Hering Theories—Presumed
Action of Rods and Cones—Colour-blindness—Edridge Green Theory —Evolution
of Colour Sense in Man—Luminous Efficiency and Radiation—Incandescence,
Lumineseence, and Phosphorescence—Sensitiveness of Eye at High and Low
INuminations—Appearance of Coloured Objects by Artificial Light—Optical
Resonance — Colours of Artificial Illuminants — ** Artificial Daylight "—The
Moore White Light — Practical Applications of Coloured Light—Colour in
Interior Lighting—Decorative Effects.

IN the last chapter we have seen how, in determining the amount
of light required for various purposes, we are driven to consider
the peculiarities of the eye. In dealing with the question of
colour we find exactly the same thing. There are always two
distinct aspects, the physical and the physiological, from which
each problem must be studied, and it may therefore be well to
say a little more on the theory ol colour perception.

The authors would like to make it clear that they do not
profess to be in a position to present a theory which can be
regarded as entirely satisfactory. This is a matter for the
expert in physiological optics to determine. The older theories,
such as those of Hering and Helmholtz, require substantial
modification to account for many phenomena now known to us.
So much is c¢lear. But there are many points in conneetion with
colour-vision which are still obseure, and on which even the
greatest authorities seem to differ.

SoME THEORIES OF VisioN AND CoLour PERCEPTION.

The exact manner in which the sensations of light and eolour
arise has long been a matter for speculation. We have seen
that the origin of the stimulus seems to lie in the complex and
delicate mechanism of the retina, and to be connected with the

light-sensitive pigment thereon known as the visual purple.
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Naturally, therefore, many physiologists and physicists have
been disposed to explain the pereeption of light on a photo-
chemical basis. Sir William Abney has expressed his belief to
this effect, and the researches of J. Chunder Bose! have shown
how readily many phenomena characteristic of the eye, such as
its response to stimulation and its susceptibility to fatigue, can
be reproduced with photoelectric silver cells. Tt appears to be
generally believed too that the stimulation of the optie nerve
system is accomplished by means of a minute electric current
flowing from the retina, and this has been measured and found
to be dependent on the intensity of the light striking the eye.
It also appears to be greatest in the ecase of the yellow-green
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Frg, 68.—Comparison of the resonance curve of wireless telegraphy
receiver with the luminosity eurve of the human eye.

rays in the spectrum, to which, as we shall see shortly, the eye
18 most sensitive.

On the other hand, the light-recciving apparatus of the eye
has been likened to the tuned receivers of electro-magnetic waves
used in wireless telegraphy. Light-waves are merely electro-
magnetic waves of very high frequency, and it is natural to
suppose that they would be detected by somewhat similar means.
To illustrate this point we reproduce an interesting curve,
published not long ago by Dr Fleming,? connecting the frequency
of the received electrical oseillation with the resultant current
flowing through the receiving apparatus. By the side of this
we reproduce the corresponding curve for the luminosity of the

1 J. Chunder Bose, * Response in the Living and Non-living”; see also
“ An Electrical Theory of Vision,” by same author, Photographic Jowrnal, 1902,

p- 146,
2 Eleetrvetan, 3lst May 1907,
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spectrum as seen by the eye, and it will at once be seen how
strikingly these curves resemble each other. Sir Oliver Lodge
has likewise compared the mechanism of the eye with the
coherer used in the receiving circuit of a wireless installation.
He imagines that an EM.F. is always present in the eye ready
to produce an eleetrical current, which in turn may be supposed
to give rise to the sensation of light. He also suggests that the
optical coherer may be shaken by a muscular effort as soon as
the light stimulus is removed, so that it returns to its former
non-conducting state. According to this view there is always
present in the eye a source of light-sensation. The light only
“pulls the trigger.”!

It is interesting to observe that these two theories may prove
to be merely different methods of expressing the same thing.
For it is now believed that photochemical action takes place
when the ions of the chemical substance acted upon have a
natural period of vibration comparable with that of the wave
attacking them ; consequently they move in sympathy with the
wave, this oscillation results in the breaking up of the old
molecules and the creation of new ones, and chemical action
OCeurs.

This difficulty of being forced to imagine apparatus situated
in the retina which has not yet been demonstrated to exist 1s
encountered in most of the theories that have been put forward
to explain the perception of colours. One of the most widely
known theories of this kind (which has indeed taken such deep
root in the existing text-books on the subjeet that any modifica-
tions in it almost pass unnoticed) is that upheld by Young,
Helmholtz, and Maxwell. Having received such distinguished
support, it is not unnatural that the theory should have been
generally adopted, perhaps in a more unquestioning spirit than
would have been approved by its original sponsors. According
to this theory there are present in the eye three distinet
elementary colour sensations, the red, green, and blue-violet,
and the impression made by any mixed colour consists in the
combined impressions of these three primary sensations. The
Young theory seems to fit in with the wireless telegraphy
analogy rather well. The idea appears to be that there may exist
three distinet sets of organs responding, like the tuned receivers
used in wireless telegraphy, to light waves of the frequencies
corresponding to the three primary colours. No such receiver

v Signalling through Space without Wires,
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can be tuned to respond only to waves of exactly one frequency.
There will exist a wide range of frequency on either side of the
point of maximum sensitiveness, for which a gradually diminish-
ing response will be obtained (just as shown in fig. 68).

From the purely physical side the theory has much to
recommend it. It has been demonstrated that by mixture of
these three colours one can actually reproduce practically all
the known tints, and advantage of this fact has been taken
in the so-called * three-colour processes” used in lithographing
and in colour-photography. It is therefore a convenient method
of regarding colour-mixture. On the other hand, there are
certain phenomena which suggest that the theory is not a
complete statement of the facts. For example, it appears that
the statement that any colour can be matehed in this way is not
rigidly true, and that the exact colour to be selected for the
blue-violet is not certain; in some cases a genuine blue, in others
a colour more closely approaching violet, is said to be necessary.
Again, one essential consequence of the theory would appear to
be that light and colour are inseparable. Yet it is known that
even the normal eye loses at weak illuminations the power of
distinguishing colours, while still able to see light; and it has
been shown that this effect is connected with physiological
peculiarities of the retina which have not been taken into
account by the Young theory.

Like most theories of colour-vision, the Young theory finds
itself in difficulties when applied to explain colour-blindness
Such cases were formerly explained on the assumption that one
of the three primary sensations was either weak or absent.
Some people who habitually confused reds with black, for
example, were termed “red-blind,” others “green-blind,” and so
on. Some interesting experiments conducted by Prof. Burch
seem to have been in good accord with this idea.! By focussing
a strong coloured light on the retina, so as to fatigue that
~sensation, he produced temporary colour-blindness. For e.::-:mnl}le,
after the eye had been exposed to very powerful red light, red
objects appeared dead black.

" But it is evident that colour-blindness may be of a wmore
complicated character, and many cases have oceurred tvhich
appear to have been inexplicable on the basis of the Young
theory alone. . .

For example, cases seem to be known in which the power of

' Prog. Roy. Soc. of London, 1898,
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distinguishing colours is defective or even entirely absent, but
yet there is no corresponding loss in the perception of light.
Dr Edridge Green mentions the case of a certain sea-captain
who suddenly lost his power of distinguishing colour almost
completely.!  Everything appeared a nonedeseript drab hue,
and the only tint that he could recognise at all was blue. Yet
his ability tc perceive light and shade did not seem to be im-
paired, and, as a matter of fact, he continued to discharge his
duties without difficulty. It would seem unreasonable to
attempt to explain all cases of colour-blindness on a purely
physical basis. For the visual apparatus receiving the light-
wave, the nerves conveying the stimulus to the brain, and the
perceptive centres in the brain itself, all play their part in
enabling us to distinguish colour. A weakness anywhere in
this chain of connection may produce abnormal vision. Thus,
according to Edridge Green, concussion and congestion of the
brain frequently cause colour-blindness, and this defect accom-
panies some forms of insanity. Various drugs also affeet colour-
vision, and santonin, for instance, is said to produce * yellow
vision ” in bright light and “ violet vision ” in weak light. From
the purely physiological side it seems difficult to find much
support for the Yo'ung theory, for no vestige of the three
sets of organs gifted with the powers of perceiving respectively
red, green, or blue light has yet been observed.

There are certain other colour phenomena which led physi-
ologists at one time to adopt another theory of vision. It has
been mentioned that at very weak illuminations the eye loses
its power of distinguishing colours. Bright red shades become
jet black, greens and blues appear a peculiar white. It is also
stated that in very intense light there is confusion of colours,
due to dazzle. These faets, coupled with the knowledge that
forms of colour-blindness exist in which destruction of the
colour-sense does not involve loss of perception of light, led to
the so-called Hering theory. According to this theory there
exist three photochemical substances in the eye. The first of
these is supposed to undergo a certain constructive change in
one direction when acted upon by red, and the opposite destrue-
tive change when subjected to green light. The second element
undergoes similar changes for yellow and its complementary
colour blue, while the third element is supposed to be responsible
for the sensations of light only, and to undergo similar chemical

Y Colour-blindness and Colour Perception.
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changes corresponding with black and white. It will be seen
therefore that the theory permits of a light-sense as distinet
from a colour-sense, and is compatible with the phenomena at
very weak and very strong illuminations mentioned above,

These three processes, it was supposed, might be accomplished
by the chemical changes in three distinet photochemical pigments
in the retina. It is true that these substances, like the three
sets of organs presupposed by the Young theory, have not yet
been detected physiologically, and are purely supposititious. But
assuming their presence, the theory suggested a plausible method
of accounting for certain etfects known as successive and
simultaneous contrast.

Other theories of colour-vision have been put forward, and
interesting discussions of some of these will be found in
Helmholtz’'s great book on physiological opties.

It may be well at this stage to give a brief account of some of
the speculations that have been made regarding the behaviour of
the minute retinal elements known as the rods and cones. The
theory of the action of these organs is generally attributed to
v. Kries! It has attracted much interest, and has been regarded
as throwing light on a number of circumstances which neither the
Young nor the Hering theory seems eompetent to explain. The
theory of the action of the rods and cones has been applied by
Lummer® and others to account for phenomena observed in
heterochromatic photometry.

Allusion has already been made to the curious changes in
the brightness of colours that oceur in fading illumination.
Suppose that two pieces of bright red and green paper, about
6 inches square, are pasted up side by side and so chosen that,
with the eye at a distance of about 10 inches, they appear equally
bright. Then it will be observed that if the eye is removed to
a distance of 40 feet or so the brightness in the two cases is no
longer the same. The red appears unguestionably the brighter
of the two. This phenomena is sometimes spoken of as the
“ yellow spot effeet.”

Now, suppose that we return to our position close to the
coloured papers and try the effect of gradually reducing the illum-
ination (if the room is lighted by daylight this can conveniently
be done by gradually pulling down the blinds). It will soon be

1« [7her die Funktion der Netzhautstibchen,” Zeitschr, . Psych. u. Phys. d.

Sinnesorgane, vol, ix. pp. 81-123, 1894,
2 Die Ziele der Leuchtechnak, 1903,
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seen that the green is the brighter of the two. As the illumina-
tion is weakened still further the colours become indistinet, and
eventually the red appears jet black and the green appears a
ghostly white. (As mentioned in the last chapter, Prof. Burch
has found that after waiting for some hours in complete darkness
the power of distinguishing colours returns.)

Now, neither the Young theory nor the Hering theory could
explain why this should be the case. There is another fact for
which neither theory can account, namely, that when the surfaces
subtend a very small angle at the eye the Purkinje effect (as
the above phenomena is termed) does not take place. Both
colours fade away together into darkness.

The theory of the rods and cones has been briefly alluded to
in the last chapter. At one time it seemed that this theory ex-
plained completely the various difficulties met with in colour
photometry, and it is still quoted to a great extent by photometric
experts. But it is only right to mention that the very latest
investigations seem to show that it requires some modification.
Nevertheless, this whole discussion is so interesting as an illus-
tration of the bearing of physiological opties on photometry and
Jjudgment of colour that it cannot be passed by.

The essential points in the theory are as follows: The rods are
believed to be sensitive to light, but not to colour. Light of any
colour appears to them white, but they are most sensitive to
blue-green light. They are, moreover, sensitive to very weak
light, but as the illumination is inereased they become, as it were,
saturated and do not respond any further.

The cones, on the other hand, perceive colour, but are most
sensitive to yellow light, and, while they do not respond at the
low illuminations at which the rods ecan act, they continue to
respond to increased stimulus, once they have started, long after
the rods have ceased to do so.

Consequently, at very low illmminations, the rods are pre-
dominant. Faint green and blue objects appear a luminous white,
while red objects appear dead black. As the illumination is
increased the cones suddenly begin to act and the colours appear.
Then takes place what Lummer has aptly deseribed as “the
battle of the rods and cones.” It is while this battle is in
progress that the Purkinje effect is noticeable

But the Purkinje effect is believed to be complicated by the
peculiar distribution of rods and cones over the retina. Outside
the yellow spot the rods are most numerous, and there are only
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isolated cones here and there; while at the extreme periphery
only rods exist. Within the yellow spot, on the other hand, the
cones are predominant, and there are relatively few rods; while
at the very centre, the fovew centralis, there appear to be only
cones and no rods at all. Consequently, when the luminous
image falls within the yellow spot, little or no “ battle of the rods
and cones ” takes place. Evidently this unequal distribution of
the rods and cones might also explain how it is that the relative
brightness of a red and green surface depends so greatly on the
part of the retina on which the image is received. With a high
illumination, such that the cones have presumably become the
predominant organs, the effect is naturally less noticeable. It
becomes pronounced for illuminations under about one-tenth of
a foot-candle.

Another apparent consequence of the distribution of these
retinal organs is that at normal high illuminations the centre
of the eye possesses the greatest acuteness of vision. But in a
very faint light this cone-supplied region is almoest blind, and
vision is accomplished mainly by the surrounding region. There
are also people who are “day-blind,” i.e. who can see as well as
anyone in a dim light and in the night-time, but during the day
possess less than normal acuity ; such cases were assumed to be
due to defective cone-vision. Other people have the character-
isties of “ night-blindness.” They can see perfectly well in the
daytime, but find it difficult to see their way about in the
twilight, and were therefore supposed to have imperfect rod-
vision. Other evidence in favour of this theory is based on
the examination of the eyes of various animals. Birds in
general retire to rest in the night-time. Indeed, their period
of sleeping is so much affected by the intensity of light that
they have been known to retire during a solar eclipse, and in
some cases the sleeping hours of tropical birds in a menagerie
have been controlled by the use of artificial light. Now, it
is stated that the eyes of birds contain almost entirely cones
and few rods. The retinse of noeturnal ereatures, on the other
hand, such as the owl, the mole, and the bat, are said to contain

rods only. :
The above is an outline of the rod and cone theory. When

the visual purple was discovered in the retina it was at first
thought that the nature of vision was made clear, until it
appeared that in the yellow spot, where acuteness of vision is
greatest, no visual purple exists. The theory of the rods and
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cones therefore seemed destined to replace theories depending
solely on the action of the visual purple.

More recently, however, there appears to be a reversion to
the older idea. Dr Edridge Green has announced that visual
purple can be seen! in between the cones on the yellow spot, and
that the swirling motions accompanying its motion outwards to
the rods and inwards towards the cones can be demonstrated by
various entoptic experiments.? This authority holds the view
that vision is accomplished by the ageney of the cones, and that
the rods have only a secondary function of distributing the
visual purple. To the ebb and flow of this substance, according
as the eye is more or less dark-adapted, are due the curious
phenomena which take place with fading illumination.

There also seems reason to suppose that the Purkinje effect
can be accounted for to some extent without assuming any
struggle for supremacy between two sets of organs to take place.
For it appears that the low sensitiveness to red light, and the
comparative high sensitiveness to the blue and green rays with
weak stimuli, is characteristic of photochemical action in general.
It is interesting to note that a similar effect has been noticed in
the case of selenium cells?

According to this view, the most essential element in colour-
vision is the visual purple, the chemical changes in which stimu-
late the cones, which in turn transmit the message to the brain.
It is pointed out that the complexities of colour-vision might
partly be explained on the assumption that the visual purple
contained quite a number of different photochemieal substances,
all having their characteristic range of sensitiveness to light of
different colours.

Dr Edridge Green has also formulated a theory of colour-
blindness. It is, of course, recognised that such defects may arise
through injury to the retinal apparatus. In tobaceo-blindness,
for example, the colour-sense is frequently lost over small regions
of the retina, so that the tints of large objects ean be distin-
guished, while those of small ones are less readily perceived.

But it is also emphasised that in many cases the defect lies in
the power of analysis in the brain. People are occasionally met
with who are quite tune-deaf, not because their ears are defective,
but merely because their power of analysing musical sounds has

! See Illum. Eng., London, vol. ii., 1909, p. 210.
2 Jour. of Physiology, vol. xli.
3 A. Plund, Physical Review, vol. xxxiv., May 1912,
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never been properly developed. The same applies in some
measure to colour. It would seem that even people with so-
called normal vision do not properly discriminate the seven dis-
tinet colours said to exist in the spectrum; only the gifted few
can really detect three distinet colours in the blue-indigo-violet
region. Others there are who can apparently only distinguish
five, four, three, two, or even one colour in the spectrum. This
incapacity does not necessarily imply any loss in the perception
of brightness, but only imperfect power of analysis,

The date at which the colour-sense in man first made its
appearance seems very uncertain. Some writers, of whom Mr
(ladstone was an eminent example, have put forward the view
that colour-vision as we now know it has only developed within
quite historic times. The evidence in favour of this view is
largely philological, being based on the methods of deseribing
colonr found in such writings as those of the Hebrew prophets
and of the ancient Greeks. For instance, the fact that Homer
deseribed the sea as “wine-coloured” has been adduced as
evidence that he lived in an age when the sensation of blue was
imperfectly developed. It is also said that the ancient Egyptians
frequently confused the terms used for yellow and blue, and that
the colouring adopted in their decorative designs for natural
objects is such as to suggest defective colour-vision. According
to the theory of evolution, it is difficult to understand how so
radical a change could occur within such a comparatively short
time, and it is therefore necessary to suppose that the colour-
sense is a matter of education rather than evolutionary de-
velopment, Grant Allen has collected interesting data relating
to the colour-sense of many different living races! He found
that all, even the most degraded species, the bushmen of
Australia and the wretched inhabitants of the Andaman Islands,
appeared to have a well-defined sense of colour. He was there-
fore led to the conclusion that any such change in colour-vision
must have come about very early in the prehistoric existence of
mankind, and not in comparatively recent times. _

The theory that colour-sense is mainly a matter of Eduj::atmn
seems, however, to fit in with Dr Edridge Green’s experiences.
It may be imagined that at one period all colours appeared the
same, s0 that the spectrum would appear a uniform drab tint.
The first step would be the development of a trace of red and
violet at each end of the spectrum, merging in the centre.

I The Colour Sense.

>
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Presently an intermediate colour in the centre might appear, and
so other intermediate tints would make their appearance as the
scale of perception improved. According to this view, cases of
arrested development (people who can see only three, two, or
even only one unit) are still met with, while people who can see
only five colours are comparatively common. People who can
see seven colours, on the other hand, are very rare. Dr Edridge
Green contends that many perplexing cases which could not
possibly be explained as being “ red-blind ™ or “ green-blind,” ete.,
readily fall into place in this classification.

It is, however, necessary to make one other supposition.
Besides inability to distinguish eolour, we sometimes meet people
with a somewhat restricted range of sensibility to light. This
takes the form of shortening of the spectrum at one end. A
person, for example, may find no difficulty in distinguishing red
as a colour, but yet his eyes may be insensitive to very deep red
light, When this condition coexists with imperfect colour
diserimination the case becomes more complicated, and special
methods of testing are needful. There may also be present sub-
sidiary defects (such as tobacco-blindness, which only affects a
portion of the retina), so that the diagnosis of colour-blindness
calls for skill of a high order.

Enough has been said to show that the perception of light
and colour is a complicated process which is far from being
thoroughly understood as yet. Radieal differences of opinion
still exist, and the conclusions of authorities are constantly
undergoing revision. We have entered into this subject in some
detail because it illustrates so strikingly the need for co-opera-
tion between the physicist and the physiologist. It also affords
a glimpse into the complexities of vision which underlie many
of the problems awaiting the illuminating engineer.

Luaminous EFFICIENCY AND BADIATION.

The bearing of such facts as those discussed above at once
becomes apparent when we turn to the problem of the produc-
tion of light. Here we find the twin aspects of the subject
—the physical and the physiological —in sharp relief. We
must study closely the physical processes involved in the
production of light (whether by incandeseence, luminescence,
or other means), and we have likewise to trace the effect
of the light produced on the eye and to ascertain what varieties
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of radiation are most efficient for the purpose of “ereating
brightness.”

A résumé of some of the latest recent investigations in this
dlr_ectiml was given by one of the authors in a recent number of
Science Progress! For everyday purposes we might perhaps
assume that the ideal source of light should (1) develop all its
energy in a visible form, and (2) that this energy should be so
distributed throughout the spectrwin that its light should be
approximately of a “white ” character. (The exact meaning to
be attached to the term “ white ” is a little vague. It would com-
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Fie. 69.—Distribution of energy in the speetrum of the sun,
are, and flame ( Langley).

prise a spectrum which was continuous and not widely different
from daylight.)

Most illuminants produce a vast amount of energy which is
non-visible and therefore of little service to the illuminating
engineer. Many researches have beer made with a view to
determining the percentage of energy developed in a useful
form. Into the nature of the apparatus used for such researches
we cannot enter deeply. Readers may be referred to a series
of articles by Drysdale?® and Coblentz® on this subject. The
results of such investigations are not entirely harmonious, being
affected by certain experimental difficulties, and also to some
extent by the definitions of *“radiant efficiency” or “luminous
efficiency " assumed. Most of these researches involve the
exploration of the spectrum with a bolometer or thermopile so

1 4 The Luminous Efficiency of Illuminants,” April 1912, p. 536,
2 «The Production and Utilisation of Light,” Illum. Fng., London, vol.

i, 1908
3 & The Distribution of Energy in the Spectra of Iluminants,” Illum. Eng.,

London, vol. iii., 1910,
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as to estimate the distribution of energy in the visible and
non-visible regions.

The one broad fact which stands out from all such re-
searches is the surprisingly small percentage of the total energy
which is available as light. As an illustration, we may take the
following table compiled by Lux! It will be noticed that in
most cases all but about 5 per cent. or less of the energy
supplied is wasted. In order to illustrate these relations more
precisely we reproduce in fig. 69 the distribution of energy in
the spectra of various illuminants, and in fig. 70 the curve of
luminosity of the eye.

TagLe 11, —Luaixovs ErFrFiciexcy oF VARIOUS [LLUMINANTS
(AccorpINGg TOo LUX).

| | Lnminous Efticiency
(percentage total

| AT, energy radiated as
. 'ﬂ.ﬁll]l& light).
|
Petroleum lamp . - : 4 0.25
Incandescent gas, uprlght : . 046
: 2 inverted . . : lf 051
Lle-::tl ic ineandescent lamp : ;
Carbon filament . : : ; il 207
Tantalum ., | : : - : 487
| Tungsten ,, g C - al 536
Are lamp, d.c. enclosed . . . .| 116
£S 5 Opon . : : g : l;-.ﬁ
| o o flame . 5 ‘ - : 132 |

It will be seen that the maxima of these curves are in
general far out in the infra-ved, so that the percentage of energy
that falls within the visible range is exceedingly small. There
are obviously two ways in which the yield of light might be
improved. We might, firstly, try to shift the maximum of the
enrve backward until it came directly over the middle of the
visible spectrum, like that of the sun. Or we might strive to
produce light in such a way that the useless non-visible rays are
omitted entirely.

Here again the complete discussion of the underlying
physical problems of light-production would carry us too far
afield. A good analysis of these conditions, followed by a very
complete series of references fo literature on the subject, has

1 “The Efficiency of Common Sources of Light,” Illum. Kng., London, vol.
i, 1908,
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been recently published by Dr Hyde! It may be mentioned,
however, that most illuminants which owe their light to high
temperature (such as an electrie glow-lamp and a flat-flame oas-
burner) broadly resemble the “black body ” closely studied in
the classic researches of Lummer and Pringsheim. Kirchoff has
shown that a body is capable of emitting only the radiations
which it absorbs; consequently, a truly black body absorbs and
also emits all varieties of radiation. When heated, such bodies
produce a confused series of vibrations of varying frequency,
and, as the temperature of incandescence mereases, the dominant
frequency rises according to a well-defined law. Lummer and
Pringsheim have traced out the radiation curves of the black
body very fully. They have pointed out that the energy
maximum 1s advanced towards the visible spectrum with in-
creasing temperature, and this leads to a corresponding im-
provement in the percentage of energy radiated in a luminous
form? At the enormous temperature of the sun (see fig. 69)
the maximum is actually immediately above the centre of the
visible spectrum, and Dr Drysdale has caleulated that under
favourable conditions as much as 50 per cent. of the energy
might then be available as light. It is most interesting to
observe, in passing, that our vision has apparently been
developed so as to make the best possible use of natural light.
Presumably if the maximum of the energy curve of the sun
had been located in the blue, our eyes would have been most
sensitive to light of this deseription.

The researches of Lummer and Pringsheim serve to show the
importance of increased temperature of incandescence. As the
efficiency of our illuminants has improved, the energy maximum
has travelled nearer the visible spectrum and the light has
become appreciably whiter in tint. At the present moment it
hardly seems practicable to increase the temperature sufficiently
to bring the energy maximum actually within the visible
region. But there is room for considerable progress in this
direction. Our present limits are often set by purely practical
considerations.

There is another possible means of improving the efficiency
of illuminants, which has already proved very serviceable,
namely, to choose materials which depart widely from the black-

I ¢ Physical Characteristics of Luminous Sources,” lecture deliverad at the
Johns Hopkins University, Baltimore, U.S5.A., 1910.

2 Verh, Deutsch. Phys. Gesell., 1809, p. 214. -
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body law and exhibit “selective radiation.” Substances which
are highly polished—white, grey, or coloured—usually exhibit
this quality. What is needed is a material which absorbs, and
therefore emits visible light as completely as possible, but whieh
acts as a highly reflecting substance towards the infra-red rays.
The Nernst filament, the inecandesecent mantle, and the metallie-
filament lamp all seem to exhibit this quality to some degree,
and it is possible that great advances in this direction are
before us.

It hardly seems likely that an incandescent solid could be
made to yield the theoretically ideal luminous efficiency (i.e. to
emit only visible rays and no others). Incandescent solids
have, nevertheless, one considerable advantage; they produce
a continuous spectrum, and therefore give fairly good colour
definition.

There is still a little uncertainty as to what is meant by
“white light.” Most people would understand by this a light
similar to that from the normal white sky. Put assuming that
we can specify the nature of white light sufficiently close for
practical purposes, it is of interest to inquire what the ideal
efficiency would be of a source which produced these particular
rays in the required proportions and no ofhers. According to
P. G. Nutting,! whose determination at the Bureau of Standards
has been made with special care, such a source would yield as
much as 26 ep. per watt. Seeing that the most efficient illu-
minants at present available probably does not yield more than
4 to 5 c.p. per watt, it is evident that we are still a long way
from our ideal.

In what has been said above it has been assumed that our
ideal illuminant should not only emit all the visible rays in the
spectrum, but should do so in the proportions which constitute
daylight. Yet it is clear that by disregarding colour, and aiming
only at the production of as bright a light as possible, consider-
ably more eflicient results might be obtained. It is obviously
uneconomical to include the rays at the extreme ends of the
spectrum, the deep red and violet, which are just on the border-
land of visibility. Clearly, if quantity of light be the sole con-
sideration, our right course would be to ascertain the precise
ray for which the sensitiveness of the eye was a maximum, and
then produce only this variety of radiation.

The question arises, therefore, where in the spectrum this

L Bull, Bureaw of Standards, 15th May 1911.
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position occurs. At once we find ourselves faced by the physio-
logical peculiarities of the eye described in the first portion of
this chapter. The answer depends on the intensity of the light.
We have seen that at very weak illuminations the eye is appar-
ently highly sensitive to the blue-green end of the spectrum,
but comparatively insensitive to red. As Sir Wm. Abney and
many other investigators have shown, the maximum (sunlight)
luminosity for high illuminations commonly occurs near 058y ;
whilst for a fully dark-adapted eye and a very faint illumination
it may occur near 0053u, 19

or even lower. This

effect is illustrated in THa / 3
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chromatic light might
be the best for a very
brightly lighted adver-
tising placard. But for
marine signals, the value
of which is judged mainly by the limiting distance at which the
light can just be seen as a luminous point, greenish blue light
might be preferable.

The great majority of industrial uses of light demand a fairly
high illumination, and should be judged on w]m!:. may btf called
the “ upper register " of vision. On this assumption Nutting hafa
caleulated that the most efficient light for creating brightness 1s
the yellow-green (0-54x). He estimates that if it were pt?éssil}le
to secure a source which produced only this quality of radiation,
an efficiency as high as 65 c.p. per watt should be &‘ttﬂ,ined. :

This prineiple of “ luminescence,” i.e. the production of certain
lines in the spectrum corresponding with the natural frequency
of oscillation of a substance, has been used to some extent in
practice. In the flame are a certain amount of light is derived
from the incandescent tips of the earbons, but the greater
part of it comes from the luminous bridge of vapour between
the electrodes. The high efficiency of the yellow-flame are seems
to be due to the fact that materials yielding several vivid

YWave length.

Fic. 70.—Showing distribution of luminosity in
the solar spectrum at high illuminations (curve
drawn full) and by a very feeble light (curve
dottecd).
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lines in the yellow-green and orange are present in this stream
of vapour. These lines are superimposed on the continuous
spectrum due to the incandescent carbon, and naturally distort
the colour of objects illuminated by them to some extent.

The judicious use of the luminescence set up in rarefied gases
or metallic vapours should yield efficiencies considerably in excess
of those attainable by the use of incandescent solids, which yield
a jumble of vibrations, many of them non-luminous. But,
naturally, the production of line spectra is apt to oceasion some
degree of colour distortion. A notable instance is the mercury-
vapour lamp, which, as we have seen, yields only strong lines
in the yellow, green, and blue-violet, but no red.

Inventors have long cherished the fascinating idea of a cold
phosphorescent light which, portable and self-contained, would
absorb light by day and return it automatically when night has
fallen. Faneiful as such an idea may seem at the moment, it is
not inconeeivable that it may be realised in the future. At
present, it is true, phosphorescent materials yield but a feeble
light of short duration, and its colour is usually a peculiar green
or blue, hardly suitable for practical illumination. Nevertheless,
progress has been made. Our stock of phosphorescent materials
has improved, and we understand better how to prepare such
substances in a highly active condition. Moreover, we have
now available sources like the quartz tube mercury-vapour lamp,
which are very rich in the ultra-violet rays; on the execiting
action of these rays the phenomena of fluorescence and phosphor-
escence mainly depend. By the aid of such lamps wonderful
results have been obtained in America, and were witnessed by
one of the writers in the course of a recent visit to that country,
but little has yet been published on the subject. Fornovel stage
effects their value is already recognised. Mechanical butterflies
may be coated with luminous paint, and by the same means
the dress of a danseuse can be made to gleam with living fire.
It has even been found possible to produce in the laboratory
landscapes glowing with approximately natural colours.

The possibilities of phosphorescence appeal to the lighting
engineer for another reason. There seems good reason to
suppose that the luminous efficiency of such a method of illumin-
ation would be exceedingly high. Prof. S. P. Langley! many
years ago came to the conclusion that all the recognisable radia-
tion from the fire-fly was concentrated in the visible spectrum—

' Langley and Very, American Jour. of Science, x1. p. 97, 1890
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a result which seems to have been substantially corroborated by
the later researches of Ives and Coblentz! Dr E. L. Nichols
of Cornell University has also made researches on a large
number of phosphorescent materials ; he, too, has been struck by
the high luminous efliciency of such sources.?

THE COLOUR OF ILLUMINANTS AND “ ARTIFICIAL DAYLIGHT.”

Let us now consider further the question of ecolour in
illuminants. We have at present no exact standard of what
constitutes “white light.” Most people apply this term some-
what loosely to the colour

Visible
Spectrum l.:]f daa,:-,-'llght-, on whiech ou
i impressions of the colours

T of objects mainly depend.

: When very accurate
colour-matching is essen-
tial, work is preferably,
and sometimes necessarily,
carried out by daylight.
Wive Longts Even this is not always

Fic. 71.—Distribution of energy in the solar qUite enough; it becomes
s{[mctrum at the base and at the summit of necessary to l-gjgct, results

hi;h ?Ekr:!;;;w}.:'} SR A 00000 ot obtained on days when the
atmospheric conditions are

peculiar and the light abnermal. “ Daylight” is itself variable
both in quality and intensity. The colours of “diffused daylight ”
(i.e. light from the white sky), direct sunlight, and light from
the blue sky are, as Dr Nichols has shown, by no means identical.
Even diffused daylight, which is generally regarded as the best
natural white light, differs according to the locality, and it is a
well-known fact that in towns where foggy and smoky conditions
prevail, the quality of the light is distinctly redder than in the
country. The influence of altitude is strikingly shown in fig. 71.
This is taken from the researches of Prof. Langley, who deter-
mined the distribution of energy in the solar spectrum at the
base and the summit of Mt. Whitney, one of the loftiest peaks
in the Sierra Nevada, 15000 feet high.* This illustrates very

Energy,

1 Trans. Am. Illum. Eng. Soc., Sept. 1909.
2 Paper read hefore the Franklin Institute, 29th March 1906 ; Ilum. Eng.,

U.8.A., Oct. 1906,
2 Lecture before the Royal Institution, 1885, London.
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strikingly the absorption of the blue and ultra-violet. Could we
but penetrate above the earth’s atmosphere altogether, the colour
of sunlight would presumably appear a rich blue.

Fig. 72 represents the conclusions of Dr Nichols on the
selective atmospheric absorption of wvarious colours by the
atmosphere.

It will be seen, therefore, that for accurate colour work an
artificial illuminant giving light of exactly the same colour as
normal daylight, but more constant in operation, would be very
useful. It may perhaps be thought that the variations in colour
of daylight are not very serious, and except in very accurate

work this is perhaps so.

But the fluetuations in
. intensity also constitute

i - adifficulty. Inthe short
/4":| winter days the hours
of work are necessarily

curtailed, and even in
? | the summer time inter-
' | ruptions may be caused
| by the abrupt diminu-
20 tion in brightness due
to sudden storms, elouds,
. i or fog.
04 0:6 L L 08p The colours of arti-
Faeg AR ficial illuminants in
general differ consider-
ably from that of day-
light. Even leaving out of account such illuminants as the
mercury-vapour lamp and the neon tube, which yield wvery
peculiar line spectra, there is plenty of variation. So long as
we are concerned with the appearance of white objects, which
reflect all the colours of the speetrum equally well, the varia-
tions in such sources as the incandescent mantle and the
electric carbon and metallic filament do not greatly trouble
us. We soon become accustomed to their colour and accept a
white object illuminated by their rays as white. It is, indeed,
questionable whether for ordinary everyday purposes people
desire an exact duplicate of daylight. Such a light gives the
impression of being somewhat “cold,” and there does seem a
preference for mellow yellow rays, which give a suggestion of
warmth and comfort. As explained in the previous chapter, this
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Transmission.

Fie. 72.—Transmission of light of various colours
by the earth’s atmosphere (Nichols).
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may be due to mental association. On the other hand, we must
bear in mind that the mere fact of the whiter light being a
novelty may cause a prejudice against it. People now seem to
be getting accustomed to the light of the tungsten electrie
lamps, the light of which appeared cold at first. Looking back-
ward, we find exactly the same impressions regarding the gas
flame, nowadays regarded as giving a comparatively warm tint.
Thus in 1819 the great chemist Clement Desormes spoke of the
new illuminant, gas, as follows:—!

“The light is of a disagreeable yellow colour, entirely different from
the red and warm gleam of oil lamps; it is of {l:nzﬂing' brightness ; its
distribution will be impossible and irregular, and it will be much dearer
than oil lighting. . . .”

Yet when the eleetric are lamp appeared in 1874, we find
another writer extolling the warm hues of the old gas-burner.
Thus Mons. J. Baille .—*

*“ La nuanee de la Iumiére électrique est triste, les objets se teignent
d'une couleur livide et biafarde due & Papparance bleuditre des rayons
et il i’y a méme pas & desirer que cette lueur remplace les becs de gaz
qui égayent et font vivre les boulevards. , , .7

However, setting aside the question whether or no it is desir-
able to imitate daylight for general purposes of illumination, it
is obvious that the variation in tint of artificial illuminants gives
rise to inconvenience when we are at all concerned with the
observation of colours. Besides certain industries which demand
great accuracy in this respect, such as dyeing, colour-printing,
textile work, ete., there are many other cases in which eonfusion
of colour is a drawback. For example, the fact that flowers,
dresses, carpets, wall-papers, efe., which are selected by daylight
may appear quite a different hue under artificial light is a
difficulty. In a draper’s shop it is by no means uncommon to
see the shopkeeper carry the material to the doorway in order to
let a customer judge of its true colour. Many colours which
match under artificial light may not do so in the daytime, and
vice versa. At present the artist’s work must be done in the
daytime. and pictures illuminated by gas or electric light rarely
exhibit exactly their true colours. An exaet artificial daylight
might enable such work to be done in the evening, and might

I Qe Cantor Lecture before the Royal Society of Arts, London, by Prof.

Grylls Adams, 1881, “ on Scientific Prineiples of Electric Lighting.”
* Eugkne Defrance, Histoire de I' Ecluirage des Rues de Pars, p. 187.
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- also prove acceptable for the artificial illumination of picture
galleries. Among other industries which demand white light
may be mentioned the grading of hops, flour, coftee, and tobacco
(which is sometimes done by ecolour), and the examination of
precious stones.

The apparent hue of an object depends mainly on two things,
(1) its intrinsic capacity for reflecting various colours, and (2)
the colour of the light by which it is illuminated. To these
might perhaps be added certain physiological factors, such as the
state of adaptation of the eye, the personal colour-vision of the
observer, and the effect of simultaneous contrast from adjacent
colours. From a practical standpoint these last three items are
not of very great importance as a rule, although in special
circumstances they may become so. But it goes without saying
that a trained expert in colour-matching will often recognise
slight variations in colour which are not detected by the ordinary
observer,

The discussion of the physical explanation of the colours of
surfaces would take us too far afield. A distinetion has to be
drawn between the colours of polished surfaces and thin filns,
which are often determined by interference and diffraction of
light; and the colours of matt surfaces. In the former case the
colour may be determined by what takes place at the extreme
outer surface of the material, in the latter it may be due to the
faet that the light has penetrated the upper layer of the material
and then been reflected out again, losing some of its constituent
wave-lengths while doing so. B

In passing, it is of interest to mention the theory of ©optical
resonance.” According to this theory the colour of a surface
may be due to the fact that it contains minute particles whose
size enable them to resonate with certain wave-lengths of light.
It i1s suggested that the ecomparatively large particles would
vibrate in sympathy with the less rapid light-waves and thus
emit red light, the smaller particles would respond to the
green and blue end of the spectrumn, while still smaller ones
would be unable to reflect visible light at all, but might respond
to ultra-violet rays. Most surfaces contain particles of all sizes
and reflect mixed light, but by restricting them to certain limits
approximately monochromatic licht would be obtained. In
confirmation of this it may be recalled that in photographic
processes the colour of the print ean be varied within wide
limits, according to the rate at whieh deposition occurs and the
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size of the grains of material left upon the paper. Chemists
recognise a similar etfect in the formation of fine precipitates and
emulsions.

Among the most interesting researches on this subject arve
those of Kossonogoff. By means of a very perfect mieroscope he
was able to recognise as separate particles the minute grains of
colouring matter on the wing of a butterfly! It appeared that
the diameter of these grains varied between the limits of the
visible spectrum. The portion of the surface which gleamed
with any particular colour was found to be composed of particles,
each having a diameter almost exactly equal to the wave-length
of the light reflected. Particles varying in diameter from 0-4y
(corresponding with violet) up to 0-7u (corresponding with deep
red) were detected, and there were also still smaller grains which
appeared black. Coarser particles merely diffract and scatter the
licht in all directions without giving it any particular colour.
Similar eonclusions were reached by Prof. R. W. Wood 2 as a result
of experiments on fine metallic films, and are likewise applicable
to the colour of transinited light.

Naturally an object cannot in general reflect rays which do
not exist in the light illuminating it. For example, a deep red
surface illuminated by the mercury-vapour lamp, which contains
no red rays, appears black. There is thus a loss both in colour
and in brightness. (An exception to this statement must be
made in the ease of fluorescence. There are certain substances
which have the power of transforming the wave-length of some
of the rays striking them. For example, the rhodamine reflector
used with the mercury lamp actually converts some of the green
and blue rays into red, and therefore appears pink and not black
by the light of the lamp. But we find in practice that under
ordinary circumstances fluorescence is either absent or too feeble
to exert any appreciable effect.)

When, therefore, we have to deal with a line spectrum in
which certain colours, or portions of a given range of colour, are
entirely missing, the hues of objects illuminated are necessarily
distorted. In the same way, if part of a continuous spectrum
is aeccentuated, colour distortion will oceur. The majority of
artificial illuminants yielding continuous spectra differ from
daylight mainly in having relatively less blue and more red in
their composition. Consequently the green and blue shades are

! Physikalische Zeitschrift, 4, pp. 208, 257, 1902-3.
-2 Phil. Mayg., 1902, p. 396,
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apt to appear unduly dark by artificial light, and are sometimes
confused together; red and orange, on the other hand, may be
unduly prominent.

There are several methods of eomparing the colour values of
artifieial illuminants. Some of these are well illustrated by a
paper read by Mr T. E. Ritchie before the Illuminating Engineer-
ing Society in 19112 He arranged a series of coloured ribbons
and illuminated them successively by the light of various lamps.
Particulars were noted of the visual effeet of the various eolours,
the change in hue being deseribed verbally as set out in
Table IIL

Tests were also made of the reflecting power of each of the
ribbons.  If the reflecting power of each of these ribbons proved
to have exactly the same value by daylight and artificial light
there would be a strong presumption that the spectra of the
illuminants were identical. But an exceptionally high coefficient
for a certain colour would indicate that the illuminant was
richer than daylight in these particular rays. Tests of the
ribbons were also made with the tintometer. Finally, a series
of photographs of the ribbons were taken with special Wratten
plates, which, it is stated, are sensitive to the various colours
of the spectrum in almost exactly the same manner as the eye.
Here, again, the fact of the tomes of the ribbons coming out in
exactly the same way (under standard conditions as regards
illumination and development) in the case of daylight and an
artificial illuminant would be evidence of a elose resemblance
between their spectra.

During the last few years the idea has often been adopted
of arranging a series of booths, each illuminated by a different
form of lamp, in which the effect of various illuminants on
coloured articles ecan be demonstrated. This gives a rough visual
conception of the differences that ean be produced in this way.
Special instruments have also been devised to study the com-
position of colours numerically. The tintometer apparatus
involves the matehing of any preseribed tint by combinations of
coloured glasses of varying opaeity. In the Aron instrument?
tints ean be reproduced by a combination of polariser and
analyser with a quartz plate of prescribed thickness in between,
By this means it is stated a colour can be imitated with sufficient
exactitude, and by reproducing the adjustments the colour can

1 IHiwm. Eng., London, Feb. 1912,
* “ Das Chromoskop,” Elektrot. Zeitschr., 27th July 1811,
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Tasip [II.—CHANGES IN THE APPEARANCE 0F COLOURED ORJECTS UNDER

Drrrerext Licuts (T. E. RircHIE).

Colour,
Description
of L1§]|m A}t}pﬂr-
s o B Red - Orange and
TaWn. |
Green. | Mauve. Flue, Yellow
Bright Bluish Normal. | Normal. b o | Mo I
diffused white ormal | Normal. | Normal, Normal.
daylight. | or pure |
white. ! !
Inverted | Bluish Normal. | Slightly Normal, | Slightl | Normal.
LT white l brighter ggrke{' il
arc lamp. | or pure than [ than
white, normal. normal. |
Enclosed | Bluish Darkened. ' Lightened | Darkened | Darkened | Darkened | Darkened
are lamp. | white, | several eonsider- | slightly. | slightly. slightly.
shades, ably. |
Maotallic- | Yellow | Lightened | Lightened | Darkened @ Changed to | Darkenad | Bri
filament white. | and | rﬁm::,- and redder | changed alﬁ?mnm
inean- changed | shades. changed | tint. to changed
dezcant | to reddish| toa | purplish | tosamore
lamps. tint. yellower | | colour. OTAngE
tint. | i shade.
Inverted |Greenish | Darkened. | Lightened | Darkened | Darkened | Darkened | Brightened
inean- yvellow. ATy [ amdd and | and many
descent shades. | changed changed | changed shades.
gl L | Lo n ton | o A more
| | yellower | redder navy blue,
F { tdnt. tint.
i
Carlum- Orange Reddened | Lightened | Darkened @ Darkened = Darkened | Brightened
| filament vellow, in tink. many FIRITAR and and and
incan- shades. changed changed | changed chan
| deseent Lo a o o toamuch| toadeep
| lamps. | yellower | pinker e Orange,
[ tint. tint. purple
| | | | coloar,
! ﬂrdlnnrr YVellow Reddened | Lightened | Changed to| Changed to | Darkened Brightened
| gas Mght, | in tint. congider- | ayellower apink andd ani
E ably. green. | rose- changed | changed
| coloured | toa more | toorange.
| | tink navy hiue,
| White Elnish Slightly Lightened | Changed to | Changed to | Brightened | Changed to
| Aame are | white. reddened | many a yeilower = bluer and # deeper
[ lamp. in tint, shades. | tintamd | and changed and more
| | lzhtened | darker toa more | orange
| | slightly. shade. intense colonr.
| ' blue,
1 I
| Yellow Deep Darkened I:,'hu.ngedtol Deadened | Darkened | Darkened rﬂhang:edt.u
| flame are yallow. slightly. wbrick | and congider- | and a decper
| lamp. e, changed ably and | changed and more
1 Lo a changed | toamore | orange
yvellower ton pavy bue.[ eolour.
I colonr. | purple,
| Mercury- | Pale blue- | Changed to| Changed to| Lightened | Changed to | Deadened. Changed to
| vapour ETeeI, o greenish] almost consider- | a slntes a greenish
| lamp. colonr, black. ably. EBlne grey,l yellow.
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always be repeated. It is to be noted, however, that the scale
of colour values is essentially arbitrary.

Dr H. E. Ives! has devised a form of “ colorimeter ” in which
three colours—red, green, and blue—can be blended by persist-
ence of vision and in any desired proportions. The numerical
proportions of the constituents seem to represent more closely
the actual eolour constitution on the surface viewed, but it may
perhaps be doubted whether the method is exactly applicable to
line spectra or even to continuous spectra which have peculiar
“peaks.” Perhaps the best method of judging the resemblance
of an illuminant to daylight is to compare the spectra, colour by
eolour, right through the visible range. Many elaborate forms
of apparatus have been designed for the purpose® If the ratio
between the intensities at every point in the spectra was unity
throughout the entire spectrum, one would surely be justified in

TapLe IV.—INTENsITIES THROUGHOUT THE SPECTRUM OF VARIOUS
ILoMinaxts (NIcHOLS).

| [ | |
‘ Violet. |Blue. Green. EYﬂlluw.i Orange. | Red. |
I- _— e —
Wave-length, u ,| 035 |04 (045 05 (055 | 059 |06 (0865 |07
=L = e == I s | Fras A8 i
Iluminant : ' :
Average daylight| 1'00% 1-00 | 1:00 |1:00 [1°00 | 100 100 |1-00 | 1-00
Are light | . |0°36* 045+ 006 | 069 091 | 100 |104 |1:156 | 120
Acetjﬁ'ne . |0:35% 0-35 (045 060 |08 | 1'00 [106 |1-38 | 185
Oil lamyp . . |0°10% 015 | 0°25 | 040 | 050 | 1'00 | 1-18 | 184 |28
Gas flame | e [025 {033 | 050 080 | 100 (110 160 |25
Incandescent - I
mantle : , |
Old (1894) e | wee |OeBH (07 1002 1007 | 100 [1°10 (1:22 |0:9* |
New (1908) .| ... |0-28 |045 064 |084 | 100 103 1°16 |14
Electric  incan- ; - -
descent :— i - ' '
Carbon filament ' ... |026 040 058 |0:77 | 100 |1-08 |1-38 |[1'92 |
Nernst , | ... |018 030|050 |0-74 | 100 [1:05 135 |17 |
Tantalum ,, s |0-28 049 ‘0-1'4 100 108 138 18
Tungsten ,, cew | 0-30% (42 lll"ﬁﬂ 080 | 100 104 |1:30 |16

* Estimated.
1 A strong biue line occurred in spectrum near this point, giving a ratio of abont 3-55.

! Trans, Illum. Eng. Soc. U.S. 4., Nov. 1908,

2 Bee, for example, Vierordt, Pogy. dnn., exxxvii. p. 200 ; Glan, Wied.
Annalen, 1877 ; Draper, Phil. Mag., 1879 ; Glazebrook, Proc. Camb. Phil. Soe.,
1883 ; Kriiss, Zeitschr. f. Instrumentenkunde, 1898, 1904 ; Nutting, Bull. Bureau
of Standards, Aug. 1906.
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saying that the colours of the two illuminants were identical.
Also, if the ratio were not unity, its value would give us a direct
measure of the practical excess of any colour.

One of the most complete spectrophotometric comparisons of
artificial illuminants with daylight of recent years is that
undertaken by Nichols! Seeing that daylight is itself some-
what variable, these results cannot be expressed with very great
exactitude, but Table IV., derived approximately from some
of the experiments of this authority, gives a good general idea
of the variations to be met with. It brings out in a striking
manner the preponderance in most artificial illuminants of the
red end of the spectrum and the comparative weakness of the
blue. In this table the figures throughout the spectrum of day-
light (white sky) are taken as unity, and for the sake of com-
parison the ratio at 059, is taken as unity also. An illuminant
which had exactly the same colour as daylight would naturally
give a unit ratio throughout the entire speetrum.

The spectrophotometric method of examination, while very
exact and scientifie, is somewhat elaborate and essentially suited
for the laboratory. Attempts have been made to derive ap-
proximate results by the use of coloured glasses or gelatines with
a photometer? As a convenient method of research this has
something to recommend it. But it is probably not so accurate
as spectrophotometry proper. Table V., due to Voege, may
perhaps be taken as typical of results obtained by these methods.

More recently a similar method has been used by Bloch
and Jasse, who have tabulated the chief modern illuminants in
terms of their resemblance to daylight. The chief point in these
researches is the ingenious form of diagram used. Bloch
arranges the illuminants within a rectangle whose co-ordinates
denote the ratios red-green and blue-green. Jasse locates them
within a triangle, the vertices of which correspond respectively
with pure red, green, and blue light.?

A word or two may now be said regarding several methods
of securing “artificial daylight.” It has been mentioned that
there are several artificial illuminants, such as acetylene and the
inverted arc light, which are claimed to resemble du,:,rlight very
closely. For many purposes a fairly close resemblance is doubt-

' Trans. Amer. Illum, Eng. Soc., May 1908, :
? Voege, Iilum. Eng., London, vol. v., Aug. 1912; Dow and Mackinney,

Photogr. Jour., April 1911. o) )
3 L. Bloch, E.T.Z., 13th Nov. 1913 ; E. Jasse, E.T.Z, 18th Dec. 1913.






COLOUR AND THE EYE, - 191

less all that is necessary, and in the case of florists, linen-drapers,
picture shops, ete., it does not seem necessary to aim at very
great exactitude. But in certain trades what is needed is an
illuminant which is not only identical with daylight in colour
but absolutely constant and invariable. Some years ago sereens
were devised by Prof. Gardner of Bradford for use with enclosed
are lamps in order to imitate daylight, and the same method
has now been applied to the tungsten incandescent lamp.
H. E. Ives and M. Luckiesh,! in the United States, have found
that this can be done by means of
a screen composed of signal-green
and cobalt-blue glass, in conjunction
with a special gelatine film to correct
the transmission band in the yellow.
The specific consumption of such a
lamp is given as 10 to 12 watts per
candle, but this loss in efficiency
might often be of small moment in
comparison with the advantage of
increasing the hours of work during
which colour-matching can take
place. Ives® in the United States
and Thorn Baker® in this country
have also been known to apply the . 72, —Benjumin daylight
same method to incandescent gas tungsten unit.

light, with apparently favourable

results. Dr Kenneth Mees* in this country has likewise devised
a special combination gelatine screen which is said to give a
very exact form of artificial daylight. The absorption of light
is stated to be about 85 per cent. At present it does not
seem to be possible to convert the light from tungsten lamps
into an exact replica of daylight without the use of gelatines
and a very considerable absorption. Mr A. P. Trotter has,
however, found that a fairly close resemblance can be seeured
by using suitable blue and green glasses, and in this case
the loss of light is much less. More recently, several forms of
daylight incandescent lamps, either using special tinted glass
or dipped in appropriate solutions, have been introduced. The

1« Subtractive Production of Artificial Daylight,” filum. Eng., London,
vol. iv. p. 394, See also Journ. of the Franklin Institute, May 1914.

¢ llum, Eng., London, vol. vi., June 1912, p. 339.

% Ihid., Dee, 1913, p. 604. 4 Ibid., vol. v., Feb, 1812, p. 79.
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resemblance to daylight seems fairly close, and the amount of
light absorbed is said to be very much smaller than in the case
of earlier attempts! The advantage of the tungsten daylight
lamp would seem to lie in its convenience. It is a simple matter
to screen off a small part of the room, or arrange a cabinet pro-
vided with artificial daylight, while the rest of the room may be
illuminated in the ordinary way. Fig. 73 shows the manner in
which this unit is commonly conveniently made up.

There remains one other form of artificial daylicht to be
mentioned, namely, the Moore earbon-dioxide tube. This il-
luminant has only recently

- . +Ts; been  introduced into Great
vk Britain, although it is stated to
have been largely used in the

.'l.-"l.*r-' s

Fia, 74. Fic. T4a.
New compact Moore light for colour-matching.

Weight, 35 1hs. Dimensgions, 21" % 7% x 127
Watts, 330, Iumination 100 ft.-candles (immediately under lamp).

United States. An installation was recently put up in a hop
merchant’s office in the city of London. The colour of the light
appears to the eye to be very similar to daylight, and this is said
to be borne out by the experience of experts on colour-matehing.
The resemblance to daylight is accentuated by the fact of the
light being spread over a very large radiating area, so that it
oives practically no shadow. The inventor of this system, My D.
Maecfarlane Moore, has even advoeated that the earbon-dioxide
tube should be taken as the standard of white light. He econ-
tends the colour of this light, besides being so close to daylight,
is exactly reproducible provided the nature and pressure of the
gas and the electrical conditions are specified exactly.*

! Mllwm. Eng., London, vol, vii., Jan. 1914, p. 12 ; March 1914, pp. 152, 154,

* Trans. Ill. Eng. Sec. U.8.4., April 1810,
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A recent development has been the introduction of small and
compact Moore tube outfits for colour-matching purposes. An
installation of this type is shown in figs. T4 and 744,

It is too early as yet to state with precision which of these
various systems approaches most closely to actual daylight. To
secure exact resemblance is by no means easy, but there are
many cases in which it is only necessary to study a certain
limited range of colours, and where even an illuminant which only
resembles natural light approximately may be very serviceable.

A matter of some importance in the study of this subjeect is
the preparation of a complete graduated scale of specimen
colours. One of the best and most complete series of this kind is
the Répertoire de Couleurs issued by the Société Francaise des
Chrysanthémistes, and used by the Royal Horticultural Society
in this country. The volumes contain a remarkably complete
series of coloured plates, each colour being reproduced in a
variety of shades, numbered and named in four languages.

PracTical. AppLicaTioNs ofF CoLovrep LicaHT.

We have seen that a certain sacrifice in efficiency is necessary
in order to secure “white light.” For ordinary purposes of il-
lumination a more or less white light and a continuous spectrum
are usually desirable. There are, however, certain cases in
which the question of colour is of secondary importance, and the
brightness of the light is the chief point to be considered. For
example, in the illumination of large open spaces, docks, factory-
yards, ete,, this is often true, and it is conceivable that in the
future we might devise an illuminant giving only the highly
efficient yellow-green rays for which, as Nutting has shown, the
sensitiveness of the eye is a maximum; such a source should
theoretically be capable of developing 64 c.p. per watt.

On the other hand, there are also cases where light of a
certain colour has distinet advantages. It will be remembered
that in the last chapter acuteness of vision was shown to be
connected with colour. Here is a good illustration of the value
of quality as distinct from quantity of light. It may be that
by using monochromatic rays for certain fine work we should be
able to see more clearly than by the aid of the whole spectrum ;
it is obviously no good producing rays which the eye 1s unable
to bring to a focus.

Another quality of light which seems to depend ltéo some
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extent on colour is “ penetrating power.” A great deal of contro-
versy on this subject has taken place between the representatives
of gas and eleetrie lighting. The old discussion of the com-
parative merits of gas and electric street-lamps in fogs has not
led to any very definite conclusions, chiefly because quite a
number of different questions are confused together. For
instance, the distribution of light in the two cases may be different.
One also finds that many of the complaints that are lamps were
unsatisfactory in a fog were based on the objections that the
standards were too high or the lamps spaced too far apart—
matters quite distinet from “ penetrating power ” properly under-
stood. Readers will also reeall the old controversy regarding
the relative merits of oil, gas, and electric lichting for lighthouse
work, terminating in the appointment of a Royal Commission.
This commission reported in 1890.! It was agreed that the light
from the carbon are light possessed somewhat less penetrating
power than the redder rays from gas illuminants. Nevertheless,
electric light was recommended in cases where very great bright-
ness was desirable.

On general grounds there is good reason to believe that the
rays from the red end of the spectrum possess somewhat better
penetrating power than those in the blue. For it is a well-
known seientific principle that the ability of light to turn corners
and work its way among a series of small particles is pro-
portional to the wave-length. Thus light waves cast sharp
shadows, but wireless electric waves (which are merely light
waves of very great wave-length) can readily penetrate solid
objects.  Many illustrations of the application of the same
prineiple in Nature might be mentioned. The blue colour of the
sky is popularly aseribed to the reflection to and fro amid the
small suspended particles of dust of the obstructed blue rays;
the transmitted light, on the other hand, is golden. In the
same way at sunset the light penetrating through the clouds is
golden or even red in colour, while the interveﬁing atmosphere
becomes filled with a luminous blue haze, so that distant dark
objects appear blue. It is likewise a common experience that
bright objeets seen through smoke, milky liquid, or finely
suspended partieles of any kind tend to appear red; seen by
reflected light, on the other hand, smoke and finely precipitated
white particles appear to have a blue or purple tint. This
circumstance has a certain bearing on the absorption of opal-

U Jour. of Gas Lighiing, 4th Nov. 1890,
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eseent globes. A piece of white opal illuminated by the light of
the mercury-vapour lamp looks distinetly purplish. When the
lamp is enclosed in a dense globe the change in colour of the
transmitted light, owing to the absorption of the blue ray, is also
very marked.

The colours of most illuminants yielding continuous spectra
are so broadly similar that it seems doubtful whether their
penetrating power can vary very greatly. But should we in
the future find ourselves able to restrict the radiation of an
illuminant entirely to the red and orange rays, a distinet gain
might perhaps result. The low penetrating power of the ultra-
violet rays and their ready absorption by the atmosphere have
already been mentioned. It appears that the powerful action of
these rays on the outer skin is due partly to their being so
readily absorbed: according to some authorities it is desirable
in treating some diseases to mix a certain amount of the more
penetrative visible violet rays with the ultra-violet in order to
reach the underlying tissues.

Cases are also met with in practice in which the colour of the
surroundings is the essential factor. IF, for instance, we wish to
illuminate objects which only reflect green light, it is clearly of
little value to use red rays. One does not often meet instances
in which monochromatie light is advisable. But there are circum-
stances in which it might be beneficial to restrict the light and
to aim at producing one part of the spectrum in special quantity.
For the illumination of parks and gardens, in which we desire
to bring out the colours of the green leaves and grass, one might
naturally select an illuminant which was rich in green rays,
such as the mercury-vapour lamp. Similarly, in the case of
illuminated signs in which large yellow and orange surfaces
are to be lighted up, flame ares would be found to give a very
vivid effeect. Occasionally the speecial strontinm flame carbon
arcs, giving a very crimson light, have been found acceptable for
butchers’ shops.

On the other hand, one can imagine cases in which it is
desirable to use light of a colour which is not readily reflected.
Steinmetz has made the suggestion that the stain of age on
materials is usually due to deposits of iron and carbon, and,
being of a reddish brown colour, reflects rays from the red end of
the spectrum better than those from the green end. A ruddy
tinge is therefore an advantage for the illumination of a black-
smith's shop or foundry, since a fair proportion of this quality
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of light is reflected from the surroundings. Such stains (accord-
ing to this view) appear particularly sharply defined when
illuminated by green light, especially if they occur on somewhat
greenish materials. It has also been suggested that green light
might, for the same reason, be useful to the physician in enabling
him to detect a faint incipient rash on the skin such as could not
be seen clearly by ordinary light.

These are points which await confirmation. But we do meet
the same effect very frequently in practical lighting problems.
In selecting the wall-paper for a room it is often distinetly
advisable to bear in mind the illuminant to be used, and especially
the shades employed with the illuminant. If, for example, we
select a deep blue-coloured paper for a room which is to be
lighted by oil lamps (which are relatively weak in blue rays)
we not only fail to secure any material assistance in the form of
reflected lichts from the walls, but probably also find that the
colour and pattern of the paper is very poorly brought out. If
a tungsten electrie lamp or inecandescent mantle were used the
results might be better: but many dark blue wall-papers which
appear all right by daylight are unsuitable for most artificial
illumination. By gas or eleetric light they have a distinetly
funereal effect.

The colour of the wall-paper ought also to be borne in mind
in selecting the shades for the lamps. It is usually not desirable
to choose a shade of a very widely different colour from the paper.
If, for example, the wall-paper is a pronounced green and deep
red shades are used, the result is that very little light is reflected
from the walls, and their colour may also be distorted in a some-
what sickly manner.

All this illustrates the importance of bearing in mind the
changed appearance of colours by artificial light. But there
are other effects less easily foreseen. A large area of strongly
coloured paper does not appear quite the same as a small sample.
This is probably due in part to the fact of the image of the
coloured material occupying a much larger area on the retina;
also to the “mass effect,” i.e. the effect of large masses of colours
on each other, The colour of light reflected to and from surfaces
of a very intense tint tends to become more and more accentuated.
In a room papered entirely in red, what we see is not red paper
illuminated by white light, but eventually red paper illuminated
by red light, which produces a distinetly different effect.

In general it is wiser, if the amount of light in a room is
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of much consequence, to avoid very deeply coloured papers.
Reflection from the walls and ceiling of a room coustitutes a
very valuable and natural method of diffusing the light.
Table VI, based on data originally worked out by Dr Sumpner
and given in Dr Bell's well-known book,! gives some idea of the
comparative assistance to be derived from various kinds of
reflecting material :—

TasLE VI.—REFLECTING POWER oF VaRtous COLOURED MATERIALS
(COMPILED BY SUMPNER).

White blotting-paper . & 4w B2 per cent,
» drawing-paper . : ; e BRI
Ordinary foolscap . : : = |
Cream paper . ! . ) R |
Light orange paper . . : : . 50 "
Plain deal wood (clean) . ; ; o 45 i
Yellow wall-paper . - : . . 40 W
Light pink paper . : ; : . 38 <
Light emerald-green paper . : S
Dark brown paper . . . . ., 13
Vermilion paper . ] 3 ! . 12 ,,
Dark green paper . : ; . — s
Maroon paper . : , . . .. b ¢
Deep blue paper . : : : o A
Black cloth . : - : ; S =
w velvet : ; L S

This table is compiled for white light, and will naturally vary
according to the artificial illuminant used.

Reference has already been made to the curious psychologieal
influence of colour, the impressions of “warm ” and “eold ” tones,
for which there may be some scientific basis. It is also stated
that the want of achromatism of the eye causes blue objects to
appear somewhat more distant than red ones. A well-known
experiment in physiological optics consists in looking at a blue
pateh on a red ground ; the blue patch appears to recede, although
really in the same plane. Blue-coloured surroundings therefore
tend to create an impression of distance and vastness. Tt is said
that a room papered with red paper appears smaller than the
same room papered in blue or green would do.

When, however, we attempt the selection of harmonious
combinations of ecolour we must usually trust to the artistic sense
of the gifted few. It is doubtful whether our increasing know-
ledge of the intricacies of the eye and the processes of the brain

U The Art of IMumination. See alzo L. Bell, paper read before the Con-
vention of the Illuminating Engineering Society in Boston, U.S.A., 1807.
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will ever enable us to explain why certain colour combinations
produce an agreeable sensation and others the reverse. Possibly
the unpleasant impression received by the artistic eye when
viewing colours that “clash ” is based upon the chemical changes
that oecur in the retinal substanees,

The possibilities of coloured light for decorative purposes
have not yet been completely exploited. Light is being used

Fig. 75.—The coloured glass ceiling used to illuminate the auditorium,
Allegheny County Soldiers’ Memorial, Pittsbargh,

to an ever-increasing extent for advertising and spectacular
purposes, but the tendency has hitherto been to aim at in-
creasing brilliancy rather than to make use of colour effects.
Yet there can be no question that the scope in this direction
is infinitely greater than it was a few years ago.

Now that we have available such sources as the mereury-
vapour lamp, yielding (with suitable screens) green, yellow, or
blue monochromatic light ; the neon tube, producing vivid orange-
scarlet rays: and the Moore tube and flame carbon are lamps,
capable of producing various colours according to the constituents
used, much can be done that was formerly inipussihle.
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A remarkable instance of the use of colour for interior
decorative lighting is furnished by the illumination of the Alle-
cgheny County Soldiers’ Memorial building at Pittsburgh, de-
signed by Mr W. Bassett Jones. The two views selected show
respectively the lighting of the banqueting hall and the con-
struction of the ceiling. The method of lighting has itself very
distinetive features, but the colour etfects attempted are perhaps
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Fie. 76.—View of the banqueting hall, Allegheny County Soldiers’ Memorial,
Pittshurgh.
{Taken by artificlal light.)

still more interesting. The novel feature in the colour design
has been the premeditated combination of the culﬂurs.uf 'thf:
“walls with the light of the illuminants used. The auditorium
derives its illumination mainly from an elaborate coloured glass
panelled ceiling, shown in fig. 75.

The ceiling consists of nine distinet panels, surr{:-u‘nderrl ‘l;-:,r
rich moulding and designed in amber glass. _A[_rm'n:s _tl:us diffus-
ing glass yellow flame ares are placed, and it 18 Hmd‘ thi?t the
occasional flickering is actually an advantage, since it gives a
scintillating jewel-like effect. In addition to this, the .cmlmg
is studded with frosted carbon-filament lamps, and a nitrogen
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Moore tube is used to outline the panels with a border of pinkish
light. There are also panels in the side walls above the high
windows, each of which is fronted with blue glass and contains
a mercury-vapour lamp. The light from these panels is used
to give the walls of the auditorium a sky-blue tone. The
method of illumination throughout the entire building is said
to have been schemed out in harmony with the intentions of the
architect, causing the mouldings to stand out well and the
pillars and carving in the rooms to be clearly seen. The illustra-
tions show that the actual sources are invariably screened from
the eye; it is only the illuminated surfaces adjacent to them
that arve seen. The following figures for the auditorium lighting

may be of interest ! :—
Iumination on Floor

Conditions of Lighting. (foot-candles).
(1) All lamps in use . - : ; . 482
(2) Exposed incandescent lamps and sas‘ha-, . . 310
(3) Sashes only . ; : ; . 146
(4) Exposed incandescent lamps u:ml}r AT T g e
(5) Nitrogen tubes only . - ; ; - . 040
(6) Flaming arc lamps only - : : : . 030

When all the lamps are lighted the illumination at the floor
level is stated to be an approximate white in eolour; the total
power consumption is given as about 63 watts per square foot
of floor area.

The production of eolour-effects is apt to require a consider-
able amount of energy, and it is easy to understand why
this should be the ease. The method of producing blue light
hitherto used has been to produce a very intense white l]ght
and then to introduce a blue sereen so as to cut oftf’ all but
the blue rays. Now, these rays may constitute as little as
4 per cent. of the total candle-power of the source—or even
less. When we consider that probably less than 1 per ecent.
of the energy given to the source is reproduced in the form
of light, and that this energy in turn is only a very small
proportion of that derived from the coal at the generating
station, it is evident that the percentage of the original
energy ultimately utilised is exceedingly minute—perhaps as
little as 1/25,000th.

The introduction of the principle of selective radiation, as
exhibited by the mercury-vapour lamp, opens out considerably
greater possibilities, since it suggests that we are on the way

V Prans, Jllum. Kng, Soc. U.S.A., Jan, 1911,



COLOUR AND THE EYE. 201

towards producing only the particular wave-length we desire.
We cannot doubt but that the possibilities of producing very
intense monochromatic light would lead to new and hitherto
unsuspected applications of colour. As an example, take the
case of the ultra-violet rays. At one time it was difficult to
secure these rays in any quantity. HEven in the arc lamp the
energy available in this form is possibly but a small percentage
of the whole, while in most incandescent illuminants it is
actually a fraction of 1 per cent. But the invention of the
quartz tube mercury-vapour lamp provided us with a source far
richer in ultra-violet energy than was available before. Accord-
ing to Ladenburg, as much as 30 per cent. of the total energy
developed is available in this form! As a resulf, all manner of
new applications for these rays are being discovered. They are
said to have proved beneficial in therapeutic work, for sterilising
water and destroying bacteria, for tanning leather, and other
purposes. In fact, it would seem that the operation of these
rays might actually be instrumental in the formation of new
branches of chemical industry, since by their aid chemical
changes can be brought about which could not otherwise be
produced. We have already alluded (p. 180) to the wonderful
fluorescence effects that can be produced through the agency
of ultra-violet rays. But perhaps their most interesting applica-
tion is in contesting the permanency of colours. We know that
colowrs tend to fade when exposed to strong light. For this
reason people often pull down the blinds in their drawing-room
when it is not in use in order to save the wall-papers and carpets.
This change is due to the “photoresonance” of the colouring
material under the action of the ultra-violet. The unfavour-
able climatic conditions in the north of Germany have in the
past proved a difficulty to the colour manufacturers in that
district. It was necessary to send their materials down to
the sunny south, where plenty of bright sunlight was available,
so that they might be exposed to the light for a sufficient
length of time to test the permanency of the colours. But
it is now suggested that the utilisation of the new artificial
sources of ultra-violet light will make this unnecessary, and
that such tests can be carried out independent of climatic
conditions, and in as many days as months were formerly

necessary.
Now it is quite possible that if we were to find a way of

L Physikalische Zettschrift, v. p. 525, 1904,
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obtaining efficiently very large quantities of pure blue or pure
red radiation, all sorts of special effects of these kinds of light
might be revealed. For example, we should have a much better
chance of investigating the curious psychologieal and physio-
logical influences commonly attributed to these rays, and of
ascertaining their effeect on plant life. At present we have
usually to work with more or less mixed light (and even this
in comparatively small quantities), which is apt to obscure the
results of researches in this field. Or, again, if we could produce
the highly luminous yellow-green radiation only, there would
be many cases in which an intensity of illumination far beyond
that practicable at present would be attempted. For beacons
and searchlights and other work, where brilliancy is the main
essential, such a source would have great possibilities and we
cannot doubt that many other applications would soon be found.

In the future we shall probably come to realise that it is
almost always necessary to consider not only the quantity but
the qualify of the light required for any specific purpose. We
are still far from our ideal in this respect. At present we are
in the position of a man who cannot strike one note on the piano
without at the same time pressing down a vast number of other
keys. Possibly a time will come when we shall be able to control
our sources completely, to compel them not only to provide us
with the intensity of light we require, but to give out successively
rays from any part of the spectrum—*to play upon the visible
gamut of light with the same ease and certainty as upon the
audible octave.”



CHAPTER VII

THE MEASUREMENT OF LIGHT AND ILLUMINATION.

The Nature of Photometric Measurements, and the necessity to appeal to the Eye—
Standards of Light, Flame and Incandescent Standards, their merits and draw-
backs —Relations between the Units of Candle-power used in various Countries
and the ** International Candle "—Fundamental Laws of Light Distribution, the
Inverse Square Law and the Cosine Law, and their Limitations—Units of
Illnmination, Luminons Flux, Brightness, ete., and proposed Standard Nomen-
clature—Direct and Diffused Reflection—The Photometric Bench and usual
Methods of Measuring Candle-power—FPhotometers, possible Sensitiveness and
Accuracy—Rumford, Ritehie Wedge, Bechstein, Bunsen, and Lummer- Brodhun
Instruments — Flicker Photometers, work of Rood and Whitman—Kriiss,
Bechstein, Wild, and other modern types—The Problem of Colour Photometry—
Problems introduced by new Illuminants, such as the Neon and Mereury-Vapour
Tube Lamps, physiological difficulties involved and various methods of over-
coming them—Physieal Photometers, possibilities of using Photography,
Thermopile or Selenium cell—Distribution of Light from Iluminants, methods
of determining Polar Curves and Mean Spherical Candle-power—Matthews,
Blondel, and Ulbricht globe integrating appliances—Measurement of Illumina-
tion, its value in practice—Early Photometers, Preece and Trotter, and Acuteness
of Vision Iluminometers—Prineiples in the design of Illumination Photometers,
Trotter, Harrison, Martens, Weber, Sharp and Millar, and other instruments—
Surface Brightness Photometers, Holophane Lumeter, Lightometer, and Luxo-
meter, ete.— Discussion of the use of such Instruments, measurements in Schools,
Libraries, Factories, ete.—Recommendations of the Verband deutscher Elektro-
techniker on indoor and outdoor measurements, measurement of Illumination
in the Streets—Daylight Photometry, suggested methods of relating im:’!nur
illumination to the unrestricted illumination outside, application to ancient
light cases and architectural problems.

IT has been well said that every secience passes through three
stages. In the first we merely observe and record isolated facts,
in the second we asscciate these facts together and derive laws,
and in the third we define these laws with precision and
establish numerical relations. In order to arrive at the final
stage we must know how to measure.

The science and art of illumination may be said to have now
arrived at the third stage. At one time photometry was

regarded merely as an interesting and fascinating study for the
203
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professor in the laboratory. To-day it is a process of indus-
trial importance. New illuminants have come to the fore, and
new methods of employing them are constantly being devised—
and how can we compare their merits without methods of
measuring the licht derived from them? Whatever be the
method of lighting adopted, it is the illumination derived from
it with which we are concerned, and for which we pay. Measure-
ment of this commodity would therefore seem to be an elementary
safeguard, to be observed in any contract relating to the sale of
light.

The growing practical importance of photometry has led to
the publication of quite a number of text-books on the subject.!
Some of them cover the ground very fully.

In this chapter we shall confine ourselves mainly to the
prineiples of photometry, pointing out as far as possible where
fuller details may be found.

WHAT 1S 1T WE DESIRE TO MEASURE?

In the first place it is necessary to determine clearly what we
propose to measure, for on this decision depends the nature of
our measuring apparatus. The uses of light are various. It
has been suggested that photometers might be based on the
“ power of revealing detail ” of illuminants—for example, that a
lamp might be said to have a certain value if it enabled us to
read type of a specified size. But a very little experience shows
that such a method has grave defeets. It introduces the personal
element, eg. the acuteness of vision of the observer; it lacks
accuracy and precision; and we have seen in Chapter V. that
the eyes of some people are unable to focus light of certain
colours; in such a case it might be impossible to see an object
elearly, however bright the illumination of the object may be.

In the early days of photometry experiments were sometimes
made with photographic paper. But such a test measures the

I See, for example—A., P. Trotter, Ilumination, s Distribution and
Measurement, 1911 ; A. Palaz, Traité de photometrie industrielle, 1892 (alzo
published in English); E. Liebenthal, Praktische Photometrie, 1907 ; W. M.
Stine, Photometric Measurements, 1900 ; F. Uppenborn, Lehrbuch der Photo-
mefrie, edited by B. Monasch, 1912 ; Dr J. A. Fleming, Photometry of Eleciric
Lamps (Paper read before the Institution of Electrieal Engineers, London,
1902), this contains an excellent list of references; C. H, Sharp and E, B.
Rosa, The Measurement of Light, Photometriec Units and Standards (Lectures
delivered at the Johns Hopkins University, Baltimore, U.S A, 1910).
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actinic power of the chemieal rays in an illuminant rather than
the luminous effect of the visible rays. In practice it is usually
very tedious. It has also been suggested that the effect of
radiant energy on the thermopile or the selenium cell might be
employed. But all such “physical ™ apparatus, besides being
inconvenient in practice, is open to the objection that it does
not “see” the energy impinging upon it in the same way as
the eye.

The more we consider the problem, the more evident does it
become that any general method of measuring light must be
based upon the perception of the eye. It is now generally
recognised that such effects of light as photographie action,
influence on acuteness of vision, power of penetrating fog, ete.,
demand special tests. In practice we usually confine ourselves
to measuring what is undoubtedly the most useful funection of
licht—the power of creating brightness. By this, of course, is
meant the brightness of surroundings, not the brilliancy of the
lamp itself. Some people are apt to judge the efficacy of an
installation by the appearance of the lights. This is a mistake.
Such a judgment is usually based mainly on the intrinsie
brilliancy (candle-power per square inch) of the sources, and
we have seen in Chapter V. that there is every reason to keep
this value low, with a view to avoiding glare. The natural
function of a lamp is to illuminate its surroundings, and it is
the capacity of a source in this respect that we desire to
measure.

At present we are obliged to fall back on a purely com-
parative method of judging an illuminant. We merely present
a surface at a given distance from each of the lamps to be
compared ; and if the surface appears to the eye equally bright
in both cases, we say the two lamps have the same intensity. In
order to carry out this operation two implements are obviously
necessary. We must have (1) some standard source of constant
intensity to which all other sources of light can be referred ; and
(2) some appliance assisting the eye to perceive the exact point
at which equality of brightness occurs. Such an instrument is
termed a photometer.

STANDARDS OF LIGHT.

The earliest recognised official standard of light was the
Carcel oil lamp. This was used by Regnault and Dumas for
testing gas in 1800, and is still used in France as the official
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standard. In England we first had recourse to the standard
candle, which came into existence to meet the needs of the
early legislation on the testing of gas. The intensity of lamps
thus came to be expressed in “candles,” and gas coming up to
the legal requirements was deseribed in this way.!

The standard candle was prescribed to be of a certain weight,
and to burn so many grains of spermaceti per hour,

But it was soon found that it formed a very indifferent
standard. The light yielded by it depended to a great extent
on the adjustment of the wick, and on the atmospherie conditions.
To this day we still lack the ideal absolute standard. DBut
various lamps have been introduced that arve decidedly more
accurate than the standard candle. These are deseribed in detail
in various works devoted to photometry. In France the Carcel
lamp, in Germany the Hefner amyl acetate lamp introduced by
Hefner von Alteneck, in England and America the ten candle-
power pentane standard invented by Prof. Vernon Harcourt are
used. The Harcourt lamp is deseribed as the official standard of
the Metropolitan Gas Referees and the unofficial British standard.

We still retain the word “candle-power,” and the unit in
common use to-day is approximately equal to the light yielded
by the old standard candle.

A distinetion should be drawn between a unit of light and
a standard. Although the standards employed may differ, the
unit of light employed in Great Britain, France, and the United
States is now the same, and is sometimes termed the “inter-
national eandle,” although the term has not yet received
international sanction.

The relations existing between this and the older units of
licht are as follows:—

Hefner Carcel
Candles. Candles.
Proposed international candle . ; . X141 0-104

There was formerly much uncertainty as to the relations
between the units in various countries. But as a result of the
excellent work accomplished by the four aceredited laboratories—
the Technische Physikalische Reichsanstalt (Charlottenburg)

1 It has become usual to speak of sources as having “so many candle-
power,” This expression is embodied in many formule, and it was there-
fore convenient to retain it in some of the chapters in this book. But
strictly the term “candle-power” should only be used in a general sense
as equivalent to intensity, and it is more correct to say that a source gives
“ g0 many candles.”
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in Germany, the National Physical Laboratory (Teddington)
in England, the Laboratoive Central d’Electricité (Paris) in
France, and the Bureau of Standards (Washington) in the
United States—the relations have become quite definite. The
recent history of these units was summarised in a paper before
the Physical Soeciety (London) by Mr C. C. Paterson in 1909

Another source of uncertainty, that has only recently been
completely elucidated, was the effect of atmospherie conditions
on flame standards. It is well known that deereased barometrie
pressure diminishes the light from a flame (it is said that a
candle flame at the height of Mt. Blane is almost as invisible as a
spirit flame). The pressure of water-vapour and carbon dioxide
have a similar effect, and all these quantities vary from day to
day. Vitiation of the atmosphere of the photometer by causing
a deficiency in oxygen in a room likewise reduces the light given
by a flame standard.®

The effects of humidity and barometriec pressure on the
Hefner lamp were worked out by Dr E. Liebenthal as far back
as 1895% The corresponding effect on the Pentane lamp was
fitst studied by Mr C. C. Paterson in this country.* More
recently Mr A. P. Trotter, in conjunction with Mr W. J. A.
Butterfield and Prof. J. S. Haldane adopted the expedient of
confining the lamp within an air-tight chamber, so that the
pressure and atmospheric conditions could be varied within far
wider limits than are met with in practice. By this means it
was possible to confirm Mr Paterson’s result. Trotter finds
that the following changes in barometric pressure, humidity,
and carbon dioxide in the air would ordinarily cause a diminu-
tion of 1 per cent. in light :—

Pressure. Coo. Aqueons Vapour,
Pentane lamp, =125 mn. + 0035 per cent. + 016 per cent.
Hefner - 250 ,, + 00045 44 +016

It will be seen that although a flame standard is by no
‘means constant, yet it is possible by the aid of the above
knowledge to allow for any deviation from the standard

! Proc. Phys. Soc. London, vol. xxi. For a collection of references to the
earlier units see F. Uppenborn, Lehrbuch der Photometrie (1912), 1. 32.

2 Qee Dow, Elec. Review, 28th Sept. 1906.

3 B, Liebenthal, Zeitsehr, fiir Instrumentenkunde, vol. xv., 1895, p. 157,

4 Rlectrician, vol, v., 1904, p. 751 ; 1907, p. 157. For some more recent
investigations see also a paper by E. C. Crittenden and A. H. Taylor, Trans.
Amer. lwm. Eng. Soe., vol. viii,, 1913, p. 410. .

5 Paper presented before the Int. Photometric Com, (Ziirich), July 1911
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atmospheric conditions. From the report of the National
Physical Laboratory for 1912 it appears that the value of the
unit derived from the Pentane lamp can now be held constant
within 01 per cent.

On the other hand, there are those who maintain that the
ideal standard should be an ineandescent one, electrically
controlled and absolutely independent of climatie conditions.
Attempts to devise an absolute standard of this kind based
on the use of incandescent platinum have been made by Violle?
and Petavel? but the experimental difficulties have hitherto
proved insuperable. Experiments have also been carried out
at the Bureau of Standards with tubes containing helium gas.
Interesting results have been secured, but it is too early as yet
to judge of the practicability of such tubes as a standard.?

Of late years a great deal has been done with incandescent
electric glow-lamp standards. The use of large bulb lamps of
this kind was first described by Dr Fleming in 1902, and
such lamps were prepared by the Ediswan Company under his
supervision even earlier than this.

It is now customary to use a number of carefully aged electric
incandescent lamps, and this forms a convenient means of check-
ing the constaney of flame standards. As a result of experiments
at the Bureau of Standards, Rosa and Middlekauf believe that
the unit of light might be maintained constant for a century
by this means.*

A great advantage of the electric lamp is its portability.
Calibrated lamps have been circulated among the laboratories
in the chief European countries and the United States, and
this has proved exceedingly useful in preserving the relation
between the umits of light.

A distinetion should also be drawn between primary and
secondary standards. The Pentane standard is rarely used
continuously for any length of time. The usual course is to
compare it with some other lamp, which then becomes a
“secondary standard.” This is used continuously and checked
at frequent intervals. In testing electric lamps one naturally

1 Comptes Rendues, 1879 and 1883,

2 Proe. Roy. Soc. London, 1899,

3P, G. Nutting, Bull. Bureau of Standards, Washington, Dec. 1907 and
Nov. 1912.

* Paper read before the Am, Institution of Elec. Engineers, 1st July 1810 ;
Tilum. Eng., London, vol. iii., 1910, p. 547.
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prefers to use a calibrated glow-lamp for the sub-standard; in
a gas laboratory, on the other hand, an Argand or Methven
burner is more generally used. In these circumstances the
standard and the lamp under test will bofh be affected by
fluctuations in electric pressure or variations in atmospheric
conditions respectively, and errors due to these changes to a
great extent eliminated. In illumination photometers small
metal-filament electric glow-lamps are almost invariably used.

THE FuxpaMesTAL Laws oF LigaT DISTRIBUTION.

The next thing that we desire in comparing illuminants is
a knowledge of the two fundamental laws of light distribution.

The first of these—the inverse square law—states that the
amount of light striking a surface is inversely proportional to
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Fi6. 77.—Illustrating inverse square law. Fic. 78, —Illustrating Lambert's cosine law.

the square of its distance from the source. If, for example, we
double the distance of a lamp from a sheet of paper, the surface
will only receive one quarter of the light that reached it before.

The truth of this law is conveniently illustrated in fig. 77,
which is taken from Mr Trotter’s well-known work on illumina-
tion. Suppose that, at a distance of 1 foot, the rays of light will
cover a square of small dimensions, then at twice the distance
they will enclose an area four times as great; and an area
sixteen times as great at four times the distance. The same
amount of light has thus been spread over areas respectively
four and sixteen times as great as that of the original square,
and the brightness has been proporticnately diminished.

The second law (known as the “cosine law ” or “ Lambert’s
law ™) has to do with the inclination of the surface. If the
surface occupies the position AB (fig. 78), so as to receive the
rays of light vertically, the amount of light received will be a
maximum. But if the surface is tilted into the [J(}Sit-im; A'B, it

| 1
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will only receive an amount of light proportional to its pro-
jected area A"B. Trigonometrically expressed, this means that
the amount of light is proportional to the cosine of the angle
at which the surface is inclined to the normal (the angle of
incidence).

These two laws have reference only to the amount of light
received by the surface. The brightness will also depend on
the nature of the surface (eg. its reflecting power), and on
whether it is of a mat or glossy texture. This fact must be
borne in mind in interpreting the cosine law.

It will also be observed that the application of the inverse
square law assumes that the rays considered emanate from a
point. If the distance of the surface from the illuminant is
fairly great, it is usually quite sufficiently accurate to regard
the source of light as a point. For example, ordinary electric
olow-lamps and incandescent mantles can be considered in this
way. DBut when we are dealing with clusters of lamps and
mantles, or with sources surrounded by a diffusing globe of
considerable dimensions, some care must be exercised in selecting
the point from which measurements are made. In the case of
the indirect system of lighting, where the illnminated ceiling
becomes the source, or such illuminants as the Moore light, con-
sisting of a tube of very considerable dimensions, the inverse
square law is inapplicable. It is possible to divide the luminous
area into short sections and treat each portion separately as a
point; but the process is tedious. It is usually preferable to
compare such systems on the basis of the actual illumination
obtained in practice in a room of given area.

For some formuls enabling the illumination from large light-
giving areas to be caleulated, readers may be referred to an address
by Prof, Silvanus P. Thompson,! and a paper by Mr W. Basset
Jones.®

It must also be remembered that the inverse square law only
applies strictly to sources which radiate luminous energy uni-
formly in all directions. When the light is concentrated in one
direction by means of lenses and mirrors the ordinary formula
may not apply. Difliculties in this respect are sometimes met
with in the photometry of lamps equipped with focussing re-
flectors. An extreme case is presented by the search-light using
a parabolic mirror and giving an approximately parallel beam

1 fllwm, Eng., London, vol. ii,, 1909, p. 824,
* Trans, Ilwm, Eng. Soc. U.S. 4., vol. iv., 1909, p. 230.
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With a strictly parallel beam the amount of light received by a
surface would be (save for atmospheric absorption) actually
independent of distance from the source.

The effect of atmospherie absorption deserves mention. In
the ordinary photometry room the effeet is almost always
negligible, although the authors have met traces of it during
foggy weather when the distance between the lamps was un-
usually great. But in outdoor work, e.¢. in testing street lamps
and search-lights, fogegy weather naturally causes considerable
difficulties.

ILLoMiNaTION AND soME DErRivep Uxirs.

Illumination.—1t is convenient to express the inverse square
and cosine laws in algebraic form.

If the intensity of the source be I candles, its distance » feet,
and @ the angle of incidence at which the rays strike the surface
illuminated, the illumination E (i.e. the quantity of light striking
the surface per unit area) is given by the formula :—

E= 13 cos @ foot-candles.
,‘,.

The “ foot-candle ” is the unit generally employed in English-
speaking countries and denotes the illumination derived from
a source of 1 candle at a distance of 1 foot. It will be observed
that this quantity can be specified quite independently of the
arrangement of lights producing it. For example, it was stated
in Chapter V. that an illumination of 2 to 3 foot-candles
is desirable for reading purposes; but this illumination might
be produced in an infinity of ways, eg. by a local shaded
light, by a number of lamps hung near the ceiling, or by in-
direet lighting, ete.

The expression “foot-candle” (although from a scientific
standard by no means an ideal term?') has now become very
general in English-speaking countries. On the Continent the
“ metre-candle” (i.e. the illamination derived from a source of
one candle at a distance of 1 metre) is the usual unit. The
metre-candle is now more generally known as the “lux.” This
term avoids the inconvenience of a compound word, and appears
to have been first suggested by Sir William Preece at the
Electrical Congress in Paris in 1889

Owing to the difference of units of light employed in France

I See Trotter, Hlumination, its Distribution and Measurements, p. 16.
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and Germany, we find both an “international ” lux and a Hefner
lux in existence. Their relation to the foot-candle may be
tabulated as follows:—

Inter. Foot- Inter. Lux. Hefner Lux.

catdle.
“ International * foot-candle . - . m] 10°76 11°95
- lux (metre-candle) . . =00929 1 1-11
Hefner Iux (metre-candle) . : . =00837 0902 1

There are other units of illumination (Hefner-foot, Carcel-
metre, ete.), but they have now practically fallen into disuse.

Luminous Flur.—At this stage it may be as well to mention
several other units employed in illuminating engineering cal-
culations.

The first of these is the unit of flux of light. Referring
back to fig. 77, it will be noted that while the intensity of illu-
mination varies according to the distance, the produet of the
illumination and the area remains constant. This is a natural
consequence of the fact that there is a certain constant “flux”
of light contained within the four radiating lines enveloping
these successive areas.

It is sometimes convenient to deal with the total flux of
light received by a surface. The unit flux of light is that
received by an area of 1 square foot, illominated with an
intensity of 1 foot-candle, and is termed 1 “lumen.” Thus, if an
arvea of 5 square feet is illuminated with an intensity of 2 foot-
candles it receives 5 x 2= 10 lumens.

The flux of light, usually denoted by the symbol &, may be
expressed in another way. Let A denote the illuminated area.
Then referring back to the formula for illumination,

where w is the solid angle subtended at the source by the area
illuminated.

Mean Spherical Candle-power.—This definition leads us to the
“mean spherical candle-power.” Mathematically this expression
is equivalent to surrounding the sourc