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PRIEENCE

Tuis book is intended to advance the subject of illuminating
engineering or the art of directing and adapting light. It is
divided into three parts. The first deals with the primary and
the derived units of light, the theory of the distribution of
illumination and the application of that theory to the spacing
and the height of lamps. The second part describes instru-
ments and methods employed for measuring light and illumina-
tion. The last part gives a few practical examples of the
measurement of illumination.

“The art of illumination,” wrote Count Rumford in the
year 1789, “although it is undoubtedly one of the most useful
that has been invented by man, and contributes perhaps more
than any other to his comfort and convenience in all countries
and in every class of society, has not even been considered as
an art; for the technical terms have not been invented which
are indispensably necessary in order to render it possible to
treat of it in a clear and satisfactory manner.”

One hundred and three years later, on May 10, 1892, a
paper, of which the present volume is an expansion, was read
before the Institution of Civil Engineers, was awarded a
Telford Medal and a Telford Premium, and was published in
volume cx. of the Proceedings of the Institution. The subject
still continued to attract little attention, and after sixteen years,
at the invitation of Mr. Leon Gaster, and with the permission
of the Council of the Institution of Civil Engineers, the Paper

was rewritten and appeared in Zhe [lluminating Engineer.
vii



Vil ILLUMINATION

[t has now been revised and extended and is offered not as a
complete treatise, but as a record of the work of others and of
my own investigations in evening hours, scant holidays, and
spare moments.

It would not be possible within the compass of a single
volume to deal comprehensively with the art of illumination.
The scope of this book is limited to the principles and methods
of distribution and measurement of illumination. The subject
of photometry proper has been made subordinate, descriptions
of systems of lighting and various kinds of lamps and
appliances have been excluded, and the temptation to touch on
innumerable side issues of scientific interest has been resisted.
The theory of the distribution of illumination is excellently
adapted for mathematical treatment, but I have preferred to
deal with it in the manner in which it appeals to me, believing
that for practical engineers the use of graphic methods will be
more useful than equations and formulae. The calculated
curves and diagrams have been drawn on a large scale and
most of them are accurate within the thickness of the line.

The original works of nearly all the quoted writers have
been consulted, not only for the purpose of verifying references
and correcting them when erroneous, but for presenting in their
own words and with their own illustrations some idea of the
work of the old masters of photometry.

I have to express my thanks to Professor Silvanus
Thompson for the loan of valuable old books, and to Professor
J. T. Morris for reading most of the manuscript, and for his
useful criticisms and suggestions, to Mr. J. Rennie for help
with some of the computations, and to Mr. P. Webberley for

assistance in revising proofs.
AP TROTTER.

LoNDON, March 1910.
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EHAETEE Rewl
UNITS AND STANDARDS OF CANDLE-POWER

Introductory.—Light being an expenditure of energy, it is
accurate to speak of *candle-power,” since it is the measure of
the rate of expenditure of energy. The art of illumination is
therefore, in a very definite sense, a matter which comes within
the province of civil engineers, since it is the art of directing
this power for the use and convenience of man. The study of
light, its nature and laws, belongs to the science of optics, but
we may look to optical treatises in vain for any useful informa-
tion on the present subject. Illumination, if alluded to at
all, is passed over in a few lines, and it has remained for
engineers to study and to work out the subject for themselves.
Fortunately the geometrical laws of the distribution of illumina-
tion are very simple, and those of photometry are as easy.
The physiological side of the question presents some puzzles,
and these should receive attention from psychologists who
are conversant with the practical difficulties of subjective
investigations. Notwithstanding the attention which has been
given to the matter during the last few years, the specification
of a required illumination of a street or of a railway station
would perplex most contractors. The time is only now arriving
in which a required illumination may be intelligently expressed
by a specification.

The vocabularies of the French and English languages are
remarkably rich in words connected with light. Such terms
as illumination, brilliance, brightness, intensity, and luminosity
are generally employed by different writers to express different

: B



2 ILLUMINATION CHAP.

ideas, and are often used in a confused and vague way. The
terms force, power, work, energy, and efficiency have been
used by the general public, and will continue to be used, in
a very loose and inexact manner. It has been the business of
engineers to attach precise meanings to them for their own
purposes, to recognise these as the only proper meanings, and
to regard a misuse of one of them as a mark of ignorance of
the elements of engineering science.

Light for the present purposes means visible radiation
emitted from a flame or incandescent surface, or reflected from
a surface. The word “light” is often loosely used instead
of intensity of light or quantity of light. In one sense light
is no more a physical quantity than dimness or darkness, it
is a general term; in another sense it is luminous radiant
energy. The particular terms which denote the chief physical
quantities are intensity, commonly called candle-power ; flux,
or spherical candle-power ; illumination ; brightness, or intrinsic
brilliancy ; and quantity of light.

One of the difficulties of this subject is that the use of
light and illumination is to satisfy the eye, and the eye is a
very poor judge of the physical quantities in question. It is
well known that even experts cannot make a tolerable estimate
of the candle-power of a lamp by merely looking at it when
alight. An estimate of the “heft” of a letter, whether it is
over or under 4 ounces, the temperature of the air, a length
in inches or feet, or the contents of a vessel in pints or gallons
can be made by most persons with greater accuracy than a
guess at the candle-power of a lamp. Comparative estimates
are not much better. It is easy to see that a 12-candle-power
lamp gives less light than a 16-candle-power lamp, but it is
very difficult to say how much less.

Intensity or Candle-Power.—Candle-power is measured as
an intensity in any direction. It is also measured as a flux
by the product of a solid angle into the candle-power. At an
unofficial congress at Geneva in 1896 the name “pyr” was
suggested for a unit of intensity, and Dr. J. A. Fleming® has

* Journ. Inst. Elec. Engs. xxxil, 164.




t UNITS AND STANDARDS OF CANDLE-POWER 3

proposed the name ‘‘lamp” for a 10-candle standard, on the
ground that the candle itself having been abandoned, the name
need not be retained. It is unfortunate that the word candle-
power has taken such a firm position in technical language,
and it is curious that we seldom use the word intensity, and
its use by the French in connection with electric current
appears to us redundant. If the word candle-power were not
so well established, there would be a better chance of agreeing
on an international standard of intensity. If a ‘““daniel” had
been in extensive use as a unit of electromotive force there
would have been more difficulty in introducing the volt.

Units and Standards.—A distinction must be made between
an abstract unit of light and an actual standard. It would be
convenient, but it is not necessary, that they should be of the
same magnitude. The unit of electromotive force is one volt,
but the Clark cell, reputed to have an electromotive force of
1.434 volt, was used for many years; and now the Normal
Weston cell, having an electromotive force of 1.0184, is the
standard. Similarly, the Hefner amyl-acetate lamp, having -
a candle-power of o.9, is a very convenient standard, while
the one recognised in England is the 10-candle. Pentane
lamp. It is quite possible that a more satisfactory apparatus
of quite another kind may be discovered. If the electric arc
standard had been found practicable it would have been about
150 candle-power. Our English expression candle- power
- confuses the matter by begging the question.

A brief account will be given of the more important
standards which have been proposed and used from time to
time. Further information may be obtained from the writings
of those who have given special attention to the subject.*

Zhe Carcel—The earliest standard of light was the Carcel
lamp, introduced in 1800, and used by Regnault and Dumas
for testing gas, and is still employed officially for that purpose
in France. It is a colza oil lamp containing a clock-work

7 * E'al_a?:, Traitd de photomdtrie industrielle J. W. Dibdin, Practical Fhotometry ;
W. M. otine, Photometrical Measurements; Dr. J. A. Fleming, fourn. Inst, Elec. Lngs,
vol. xxxii, ; C. C. Paterson, fourn. fust. Elec. Engs. vol, xxxvili.
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pump, and has an Argand burner and glass chimney of certain
specified dimensions.*

The value in British candle-power was determined by
Sugg in 1870 as 9.6; in 1885 Dibdin made it g.4: while
C. C. Paterson, at the National Physical Laboratory, gave
9-82; and at a photometric meeting held at Zurich in July
1907, this last value was confirmed. The discrepancies may
be accounted for by the many sources of error in the use of
this standard, the charring of the wick, the irregular con-
sumption of oil, and the use of a glass chimney. Even in
the hands of a single observer successive measurements
vary widely.

The British Candle.—The so-called English Parliamentary
candle of spermaceti was not more scientific, and hardly more
accurate, than the barley-corn, of which three went to the inch.
That candle, six going to the pound (but neither length nor
diameter being specified), and intended to burn 120 grains of
sperm per hour, was set up under the Metropolis Gas Act
of 1860 as an official standard, only for the purpose of testing
London gas.

The German Candle.—In 1868 a carefully specified candle
of paraffin was officially adopted by the German Association of
Gas and Water Engineers, and was called the Vereimnskerze.
It was practically the same as the British candle.

The Harcourt or Pentane Lamp.—In 1877 Mr. A. Vernon

Harcourt described a lamp burning air saturated with the vapour

of pentane, a volatile hydrocarbon distilled from petroleum.
This has undergone several modifications, and the present
pattern, intended to represent ten times the candle-power of
the Parliamentary candle, is the official standard of the
Metropolitan Gas Referees, and the unofficial 10-candle British
standard. A flat tank holds the liquid pentane, over the sur-
face of which air passes, and becoming saturated with the heavy
pentane vapour falls through a syphon pipe to a steatite ring or
Argand burner. The flow is regulated by a tap on the outlet,
or a valve on the air inlet of the pentane saturator. No wick

¥ See Traitd de photomdtrie industrielle, A. Palaz, p. 101.

S S




. UNITS AND STANDARDS OF CANDLE-POWER 5

is needed. A tall chimney draws the flame up with a consider-
 able draught and ensures a steady light. A sﬂ.condﬁutﬁ:r
chimney, concentric with the first, warms the air which is
supplied to the flame. No glass chimney is required, but the
top of the flame may be inspected for adjustment through a
mica window. The top of the flame
is cut off in the direction of the _
photometer by a screen, giving a (g
clear opening of 47 millimetres, but
notwithstanding this, the height of
the flame must be carefully adjusted.
The total height of the apparatus
is about 2 feet 10 inches.

The Hefner—The amyl-acetate
lamp, produced in 1884 by Hefner
von Alteneck, was subjected to care-
ful tests by Liebenthal, and after
certain modifications was declared to
be the official standard in Germany.
The pattern certificated by the
Reichsanstalt has been adopted by
the American Institute of Electri-
cal Engineers, and, provisionally, by
the Bureau of Standards of the
United States,and was recommended
as an international standard at the
Chicago Congress of 1893, but was _
. not adopted, for reasons which prob- g 1—Tue Vexxon Harcourr
| El-b]}’ Elﬂ not E}{ist now. It has bﬂeln PENTANE 10-CANDLE LAMP.
widely recognised for scientific as well as for industrial work.

The container, 70 mm. (24 in.) diameter, made of brass,
holds about 4 ounces (115 c.c.) of amyl-acetate. The ordinary
commercial quality used as a solvent for celluloid is unsuitable,
and even the commercially ““ pure ” quality is apt to corrode the
container, Unless this is well tinned or nickel-plated inside,
a cock should be fitted for draining off the liquid after use. A
thin German-silver tube, constructed to the exact dimensions

| [

al
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6 ILLUMINATION CHAP,

specified by the Reichsanstalt, holds the wick. Two toothed
wheels, worked by worm gear, feed the wick, and give a fine
adjustment for the height of the flame. A miniature camera
with lens and ground glass is carried on a support at the side,
A horizontal line is drawn on the ground glass, and the flame
of the lamp is adjusted so that its inverted image just touches
the line. The ordinary wick for spirit lamps may be used, but
should be well dried ; it should be carefully trimmed level with
the top of the tube. The middle
of the flame is 100 mm. (3.94
in.) above the bottom of the
lamp.

The temperature of the
flame, which is of an orange
colour, closely resembling that
of a sperm candle, is remark-
ably low, and owing to the feeble
draught, the flame is sluggish
and sensitive to very small
currents of air. It is not diffi-
cult to screen it, and the screens,
which should always be used
in photometric work for keep-
: ing the eyes in a sensitive

Fic. 2.—THE 1];‘1:?;;.:11 AMYL-ACETATE mnditian, may be arrﬂnged

T to protect the flame without
causing an artificial upward draught.

Though the flickering of the flame sometimes makes it
difficult to check its height on the gauge, it has not so much
effect on the candle-power as might be supposed.

Liebenthal's statement of the relation between the height of
the flame and the luminous intensity is an equation which means
that when the height of the flame is less than 40 mm., each
millimetre change of height causes 3 per cent change in light;
and when the flame is more than 40 mm. each increase of a
millimetre produces 24 per cent change. No doubt these two
linear relations are good tangent approximations, but it is not




|
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possible to imagine a change per saltum at 40, which is the
most important point. Mr. J. W. Dibdin found that the height
of an amyl-acetate flame had to be increased to 51 millimetres
to give one candle-power. This, according to Liebenthal’s
formula, would mean that one candle-power is equal to 1.275
Hefner unit. It is difficult to account for this discrepancy.

Assuming that a change of 1 mm. in the height of the
Hefner flame changes the light by 23 per cent, a height of
44 mm, will correspond with the British, American, and French
candle-power. This difference is too great to be marked on
the ground glass of the gauge, but an adapter can easily be
made to raise the whole gauge 4 mm. [ have sent a lamp so
altered to the National Physical Laboratory, and after applying
the Liebenthal correction for moisture (from 12 litres per cubic
metre at which the test was carried out, to 8 litres) and a small
correction for barometer, the value in British candle-power
was found by Mr. C. C. Paterson to be 0.995. The lamp burns
perfectly well at this height.

The Viollee—More than one attempt has been made in
France to set up the standard invented by Violle, and proposed
for international adoption at the Electrical Congress at Paris in
1881. The standard is the light emitted in the normal direction
by one square centimetre of the surface of molten platinum at
the temperature of solidification. The cost of the apparatus is
as formidable as the difficulty of using it. In the earlier patterns
about one kilogramme of platinum was melted in a crucible of
lime by an oxy-hydrogen blowpipe. When a quantity of water
begins to freeze the temperature remains practically constant
until it is all converted into ice. The same thing happens
when a metal solidifies, and this condition must be seized upon
for the photometric measurement. A considerable mass of
metal is needed to delay the process for a period long enough
to allow photometric observations to be made. The crucible
was run out from below the blowpipe, and brought beneath a
hollow water-cooled screen of copper in which a circular hole
one square centimetre in area allowed the light to ascend to
a mirror. Dust, scum on the molten surface, the ascending












































































































































































































































































































































































































































































































































































































































































































































































































































































































