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Mr. Grecory, Vice-President, said, the applause of the meet-
ing had already anticipated the cordial vote of thanks which
he was sure every one would accord to Mr. Chance for this
valuable Paper—a Paper which would be a most useful addition to
the archives of the Institution, and would derive additional interest
from the fact of the Author having brought his attainments in
exact science to bear upon his well-known practical knowledge as a
manufacturer. As a juror at the Paris Fxhibition, his attention
had been called to some of the results of Mr. Chance’s labours, to
which the Paper had so modestly referred. The apparatus exhi-
bited by the Trinity House and by the Commissioners of Northern
Lights, to the excellence of which Mr, Chance had materially con-
tributed, excited the admiration of his brother jurors, and particu-
larly of M. Reynaud, the distinguished Engineer at the head of the
Lighthouse Department of France, and were felt by all to do credit
to this country.

Mr. CaANCE said, it was only right he should mention, that the
idea of presenting a Paper to this Institution upon a subjeet of so
much importance did not originate with himself. It bad, however,
afforded him the greatest pleasure, which was enhanced by finding
that the communication was regarded as in any way useful to the
Institution. By way of explanation, it was important foadd, what
no doubt had been already perceived, that the purely optical part
only of the subject had been dealt with; and that the Paper did not
pretend to give a complete view of this branch of engineering.
There were several mechanical considerations in the structure of
the apparatus, in order to give the optical part the greatest pos-
sible effect, and also for producing in the best manner the move-
ments required, whether in the rotation of the main apparatus or
in providing the overflow of oil, to which allusion had been made.
He had not treated of these, and if any one would do so, it would
add greatly to the interest of what he had writben. There was
also the nautical engineering connected with the subject, which he
hoped some one would take up. The main object of the particular
form which he had given fo this Paper had been to present, as
truthfully as possible, the history of the invention itself. Although
most admirable treatises bad appeared, yet there were few who
would go through them carefully, or if they did do so, would have
time to glean from them the actual facts which constituted the
history of this particular department of science. This was the
first occasion, he believed, on which this particular subject had
been presented for discussion at the Institution; and he should be
glad 1f, in the course of the discussion, any errors into which Le
had inadvertently fallen were pointed out.

The AstroNoMER-Rovar said, his practical acquaintance with
lighthouses (though he had seen many in a cursory way) began,
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508 OPTICAL APPARATUS OF LIGHTHOUSES.

not as a member of the Royal Commission, but from®having been
occasionally invited in a friendly way by the Chairman to assist in
the examination of the DBritish lighthouses. One point to which
Mr. Chance had especially alluded had pressed itself upon hig
notice, and, no doubt, upon the members of the Commission, viz.,
that in looking at lighthouses the way to examine accurately their
performances was not to look outside but inside. This did not come
upon him in full force till he went, accompanied by a member of
his family, to look at the Whithy lighthouses, which were pointed
out by Mr. Chance as presenting the best instances of British
manufacture of the optical apparatus. The moment, however,
he came to look at the thing himself, and to have the whole
judgment of it himself, he looked a great deal sharper into
it than he did before; and he attached great importance to this,
for this practical reason, that he did not think the personal organi-
zation of the English system of superintendence of lighthouses was
good—that of the Scotch system was admirable. However, when
he came fo take the internal view of things as they presented them-
selves at the Whitby lighthouses, he saw, to his great astonish-
ment, that the larger portion of the light must be lost. He pointed
this out to his companion, who saw as he did ; and, what was more
remarkable, the attendant on the lights saw it as well. He men-
tioned that, to show how easy it was to see this great defect in
the action of lighthouses, and how curious it was that it should
have escaped observation up to that time. The result was, that
there was an assembly of persons from several departments at the
Whitby lighthouses : the matter was discussed; and he trusted
these particular observations, to which Mr. Chance attached some
importance, had been of benefit in the subsequent arrangements of
lighthouses. He hoped they might operate also in another way,
that was, in making an alteration in the personal organization of
the superintendence of lighthouses.

He would express his great thanks to Mr. Chance, for giving
the history of lighthouses just at the time when a perfect history
could be made from the beginning, and especially when the prac-
tical question was just in the state for its history to be given.
With reference to the shape of the lenses, he might state that at
one of the lighthouses—he thought it was the Start—in viewing
the formation of an image by the different zones of the dioptric
part of the light (as in Fig. 2, Plate 15), it struck him thaf they
must have been ground in the manner in which an optician ground
a lens. Everybody knew how convex glasses of any kind were
ground in a bowl, and in that way a perfect, but only a spherical
shape could be given. It struck him that these different zones
must have been all ground mm one bowl; and Mr. Chance was
good enough to get a mnote from the man who worked them,
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which supported that view. The effect of grinding in a bowl
in that way was this—that too great a curvature was given to
the cross section of the rings of the lens exterior to the centre.
He had had the advantage of seeing the beautiful mechanism in
Messrs. Chance’s works, and that which struck him most was
the cross-stroke in the polishing; when there was a ring lens to
be made, the cross curvature was not given by grinding in a
bowl, but by the cross-work of the polisher; and by some small
adjustment of the mechanism, which Mr. Chance had arranged,
there was a power of altering the degree of curvature which
would be given by that cross-stroke. Upon that everything
depended, and he looked upon it as the eritical point in the con-
struction of these lighthouses. Now he thought he might say,
from what he had observed, that the care in grinding these
surfaces had migrated in some measure from its first country
to its second. Looking at Mr. Chance’s testing methods, he had
no doubt that every ring-lens which came from his manufactory
was ag, perfect in it3 action as it was possible to make anything.
Some time ago he examined one of the British lighthouses erected
at Parig, and he had no hesitation in saying, the lower reflecting
prisms had not been tested in the way practised by Mr. Chance.
He had arrived at that conclusion because, when the light diverged
from a lamp and fell upon the prisms, the intention was that it
should emerge in parallel beams with reference to the vertical
plane. Then it was perfectly understood from that, as a matter
of optical theory, that the converse proposition held, viz., that if
parallel rays came from an object at a very great distance and
fell upon these curves, they would converge at the place of the
lamp ; and that was the foundation of the method of testing to
which Mr, Chance alluded, and of which he had spoken in refer-
ence to the Whitby lights. In the lichthouse he referred to,
which was manufactured for a British lighthouse, and was main-
tained at the expense of the Trinity Board, he found that the
image of the horizon, or that of ships at a distance, was not
formed near the lamp, but at about two-thirds the distance between
the prisms and the lamp. He need not say that in such a case
a large proportion of the light which diverged from the lamp
and fell upon the prisms, after refraction by the prisms, diverged
ultimately at so large an angle, that it could have only a very
slight eftect. To this he bore his testimony, and he mentioned, in
consequence, hig conviction that these points were looked to more
carefully in England at this time than in France. There was
another point of experience to which he would advert, and he
mentioned it as a thing of which he could not give an explanation,
because he had not severely examined the dioptric lighthouse con-
cerned. There were two lights at the South Foreland, which could
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be seen nearly across the whole breadth of the Channel; and he
had himself seen them from the gallery of the Calais lighthouse.
One of these was a dioptric light, and in the other the old parabolic
reflectors were used. On one occasion, crossing the Channel at
night, the air being in magnificent condition for observation, he
employed himself in steadily looking at, and in comparing the in-~
tensity of, those two lights, all the way till he got near Calais.
Sometimes he thought one was the better and sometimes the other.
He would say, after the pains taken in the general manufacture of
the dioptric light, he expected that it would blaze out beyond the
other all the way ; but the old reflector light was sensibly as good
as the new one. From what cause it arose he could not say, for
he had not severely examined that lighthouse. In justice to
Mr. Stevenson he would now say in words what he had said in
print. He had examined a good many lighthouses in England,
France, and Scotland, and the best he had seen were the Scotch
lighthouses.

Mr. TromAs SrevexsoN said, after the clear and able Paper
by Mr. Chance, he was not aware that there was much, or anything,
left for him to say. He hegged to thank the Astronomer-Royal
for the flattering manner in which he had spoken of the labours of
himself and other members of his family.

As to the dioptric spherical mirror, he might say, without dero-
gating from Mr. Chance’s merit in the matter, that his (Mr. Ste-
venson’s) first idea was to make it by generating prisms round a
vertical axis, but at that time flint glass could not be obtained in
large pots. It required to be faken out in very small quantities
on the end of a rod, and to be pressed down into the mould.
Therefore he was obliged to reduce the diameter of the rings as
much ag possible; and it was thought by all whom he consulted
at the time, as well as by himself, that by generating prisms round
a horizontal axis, the more important parts of the instrument would
be more easily executed, inasmuch as the prisms at and near the
horizontal axis were of much smaller diameter. He mentioned
this as an excuse for not having adopted the form shown in the
drawing, which was certainly better, “Mr. Chance had, however,
not only chosen the best form, but had added the important im-
provements of separating the prisms and arranging them in seg-
ments. There was just one other point as to which he would make
a remark. The most simple form of holophote was that shown in
Figs. 6 and 7, page 511, which was described in his book on Har-
bours. It consisted of a half-holophote, @ b ¢, which operated
upon 180° of the flame in front, beyond which angle total reflec-
tion could not be carried, with glass of ordinary refractive power.
Then, instead of having a spherical mirror, subtending the remain-
ing 180° it was preferable to have a portion of a paraholoid
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(e b, f7), so that the rays were sent forward parallel at once;
whereas if the spherical mirror had subtended 180° a large portion

Fig. 6. Fig. 7.

of the rays would have been lost on the burner; and again, all the
back rays would have been subjected to the action of more than
one agent, whereas by the one paraboloidal agent the incident rays
were at once parallelized, and the remaining rays were reflected back
through the flame by the dioptric spherical mirror (e f). The
same might be effected by the use of two refracting and totally
reflecting agents of glass; but the one paraboloidal agent was less
complicated and nearly as efficient. 1t thus appeared that the
most simple form of holophote was that in which both glass and
metal were employed.

Colonel SmiTH said, he would not have ventured to make any
remarks were it not that he thought it undesirable a Paper such
as this should go forth without comment. He believed any person
who studied the Paper would arrive at the conclusion, that the
Author was of opinion that the catoptric system of lighting was so
obsolete and out of date, that the sooner it was got rid of the
better. He was not an advocate of that system in opposition to the
dioptrie, because he was a great admirer of the latter; but it was
one thing to admire a highly scientific arrangement, which on
some occasions was by far the most useful; and another to put
aside, repudiate, and discharge with contempt, a system which had
proved valuable for so long a time. He had only read the abstract
of the Paper in a hasty manner; but the conclusion he arrived at,
amongst other things, was that there were about an equal number
of lights on the catoptric and on the dioptric systems respectively
on the British coasts; and he imagined the opinion of the Author
to be, that it was a pity not to get rid of all the old-fashioned
apparatus, and substitute the new one in all lighthouses. But
he thought the catoptric apparatus, though inferior in scientific
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512 OPTICAL APPARATUS OF LIGHTHOUSES.

arrangement and in its effects to the dioptric, had many advan-
tages, which must not be lost sight of, especially with regard to
the colonies. He considered a little undue prejudice had been
given to the catoptric system by the remarks contained in the
admirable work of Mr. Alan Stevenson, published about eighteen
years ago; in which it was pointed out, with regard to both fixed
and revolving lights, that the dioptric arrangement was superior
to the catoptric in the ratio of 3or4to1. He had no doubt
that was correct; but then Mr. Stevenson took the maximum illu-
minating power of each apparatus, and omitted all the rest. In
regard to the lens, the maximum illuminating power was nearly
the whole of it, and one of the drawbacks to the lens system was
the very short duration and great power of the flash. In fact,
the whole power was concentrated into a cone of 5° opening; but
the reflecting or catoptric system was very different. It formed
a cone of light, according to the Trinity House arrangement, of
more than 19° opening; and comparing merely the maximum
power of that reflector—and that was only 4°—and leaving out
the 15°, justice was not quite done to it. There were arrange-
ments which might be made for the equalization of the effects of
-the light, and full justice was not done to the system if they were
omitted. Fig. 8 represented the whole useful effects of the para-

Fig. 8.
a b

3 1 b g

bolic reflector, the heights @ ¢, b d at various points representing
the amount of illumination. Here it would be observed that the
figure @ b, ¢ d represented the maximum effect of a parabolic re-
flector which was perfectly uniform from a to b; a % to b ¢ repre-
sented the increasing and diminishing effects before and after the
maximum,

With respect to the irregularity of effect in fixed lights on the
catoptric system, mentioned in the Paper and in Mr. Alan Steven-
son’s book, it was quite true it was irregular, although not so
much as was made out, but this irregularity could be in a great
measure corrected. If, in Fig. 9, a b f and d e k I represented the
effects produced by two adjoining reflectors, then the triangle b d f
would show the declining light of one, and ¢ fd the increasing
light of the other. He must, for the present, assume these to be
true triangles; and granting this, if two of these reflecting systems
were joined together, so that one triangle overlapped the other

Downloaded from ftp.nowpublishers.com/jmipi/article-pdf/26/1867/507/2795848/imotp_1867_23171.pdf by guest on 10 September 2026



OPTICAL APPARATUS OF LIGHTHOUSES. 513

(as bdfandefd), it did not require demon- 3
stration to show, that the quantity of light added
by the triangle d % ¢ was equal to the quantity
of light missing in the triangle b & ¢g; con-
sequently the whole effect of the two combined
reflectors would be perfectly uniform.

That would be true if the spaces b d f and
e f d, representing the increasing and diminish-
ing effects of the light were true triangles; but
they were not o, being rounded by curves at
bfand d e. The consequence was, the overlap-
ping of these figures did not produce an exact
regularity in the light, but it was sufficient for
all practical purposes. The real objection, in
his opinion, to the catoptric light, compared
with the dioptrie, was reduced to a matter of
pounds, shillings, and pence. If as many reflec-
tors could be put side by side around the horizon
as would make up a nearly equal distribution,
forty-five Trinity House reflectors would be re-
quired, which would involve considerable cost,
and the quantity of oil consumed would be
three times as much as was consumed by one
of the Fresnel dioptric zones, to produce the
same effect. Supposing the whole circle of the
horizon were illuminated, the result would be,
as he had just stated, 3 to 1 in favour of the
zones ; but if only half the horizon had to be
illuminated, the central lamp was still required " -—=-—---- N
in the dioptric system, and that involved the
whole 570 gallons of oil consumption. With
the reflectors only 22 might be worked, and
half the expense be got rid of. If less than the
half-cirele were to be illuminated, a smaller num-
ber of reflectors would be required. That was
one respect in which there was advantage in the — 8-~ o
use of reflectors.

Again, in the dioptric system, although the
central lamp illuminated the whole horizon, yet
if anything happened to that light, the whole
horizon was in darkness. With reflectors, forty-
five or twenty-two lights were required to fll
the whole or half the circumference of the
horizon, and if one light went out only a 45th
part of the horizon was in darkness. However,
he was obliged to admit this system was not

[1866-67. N.s.] 2 L

Fig. 9.
r

e
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absolutely perfect; with all the arrangements that could be made,
and with forty-five reflectors, an absolutely perfect light was not
obtained ; nevertheless he maintained, in opposition to the Author
of the Paper, and to what had been previously published, that by
other means on the catoptric system it was possible to produce
absolute uniformity of distribution, and an equally good effect by
reflectors as by zomes.

One of the figures exhibited by the Author represented, it was
said, a section of one of the lenses and a face of the revolving
system ; while another represented a section of the zone or fixed
system, and the rays of light from the central lamp passed through
this section, and were only diverted from their course with regard
to their vertical dispersion. Those rays, in so far ag they were
separated from each other horizontally by radial dispersion, were
not touched. Now the same thing might be done with reflectors.
Fig. 10 represented the section of a reflector shaped according to

the surface of a solid formed by the revolution of
a parabola whose focus was at a, round the para-
&  meter be. The property of such a reflector, as
was well known, would be that all the rays from
the central focus would be brought to a horizontal
line with regard to vertical dispersion, but would be
left untouched with regard to radial dispersion.
Now if this apparatus were metallic, made of
good materials, and of the same dimensions ag the
dioptric zones; if the light were the same; and
¥ q if it reflected the rays under the same conditions
as the zones which transmitted the rays, would
not the effects be the same? He thought they
would, but with two exceptions. One was, a ray
of light suffered greater loss by dissipation from
the surface of the reflector than it did in passing
through glass; and another was, that the appa-
ratus in which the light was exhibited was in
the way of the rays of light which passed through
the centre, so that any pedestal, used to support
the light, and the lamp itself would be in the way of all the rays
which came from the reflector. That was undoubtedly a great draw-
back, especially in lights which could not be supplied horizontally ;
otherwise it might be practically equal to the dioptric system.

One advantage attending this arrangement, which did not appear
at first sight, was, that a single instrument of this kind would
illuminate the semi-circumference of the horizon, viz. 180°. It
could not be made to illuminate more than that, and he was of
opinion if 1t were made of the same size as the zone of M. Fresnel
it would do it nearly as well.

Fig. 10.

4
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Now with a Fresnel apparatus there could not be a second one,
but with this there might be two, or more, side by side, and they
would all illuminate the same 180° of the horizon ; in which there
was this advantage, that there would be practically no chance of the
light being extinguished. If the chances were 100 to 1 against one
Light going out, the chance of two going out at the same time was
100 times 100 to 1, and against three being extinguished 100 times
100 times 100 to 1, that was, 1,000,000 to 1. One principle in-
volved in this, and carried out in the other system, was capable
of a valuable extension, but he did not see any account of it in the
Paper, and he brought the matter forward now in the hope that if
it had been carried out the Meeting might be informed of it. It
was the principle of separating the vertical from the horizontal
divergences.! In this and in the dioptric zone the vertical disper-
sions were taken by themselves ; the horizontal dispersions were not
touched. Mention was made in Mr. Stevenson’s work of a con-
trivance of M. Fresnel, which he called the application of a cross
prism. He had already explained that the system of zones con-
densed all the rays vertically only, so that if a lighthouse furnished
with a system of zones, and a strong light in the middle, were
situated in the middle of the sea, there would be a cylinder of light
of a depth equal to the height of the zones, and a diameter that of
the distance of the horizon on all sides. Supposing this zone were
turned sideways, the same effect would be produced laterally as
was before supposed to be produced vertically. All the hori-
zontal rays proceeding radially would be collected in horizontal
lines parallel with each other as regarded their horizontal relation
to one another. The idea of Fresnel was to have a series of prisms,
the present system of zones, to remain as now with the light
in the centre, and another series of upright prisms outside, a
wall of them being so arranged that these should have the
effect of collecting the rays laterally, the inner zones collecting
them vertically. In order to explain the effect of this combined
system of crossed prisms, or zones, he would first notice the effect
of the single dioptric series. Now the effect of these zones being
to collect the vertical rays only, a spectator a mile off would see
at every part, from the top to the bottom of the zones, rays coming
from the lamp to his eye as a string of light, of the breadth of
the flame; and hence according to the breadth of the flame in
the centre, so broad a bar of light would he see from the top to
the bottom of that zone. In respect to the joint action of these

! The term dispersion has beer used to designate the natural separation of the
rays of light from one another to fill the sphere of illumination, such as might be
supposed to take place if the light were a single point. Divergence is here used to
signify that abnormal deviation of the rays from tle proper line of refraction or
reflection caused by the angle subtended by the edges of the flame.—J. T\ 8.

2L2
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zones with another system outside it, collecting the rays laterally
as well as vertically,—just as the first horizontal set of zones col-
lected all the rays vertically and produced a vertical bar of light,
leaving their horizontal dispersion untouched, so the vertical set of
prisms would collect the rays laterally, and produce a horizontal
bar of light extending from side to side, the whole breadth of the
system. The combination of the two would produce a square mass
of light, whose area would be equal to the one bar multiplied by
the other. Tresnel's first idea was to collect the rays, and thus
give a flash, but he had never carried it further. Colonel Smith
thought it might be done with the object of increasing the hori-
zontal divergence, the great drawback to the lens system being the
short duration of the flash.

In a series of eight lenses, if each face was the side of an octagon,
and the whole system revolved in eight minutes, the flash pro-
duced by the lens would only last for 6% seconds, the darkness
occupying the remaining 53% seconds. That was owing to the
lens being so far from the central light, that the angle subtended
by the edges of the light was a very small one-—5° only. As the
lens was brought nearer, a larger angle would be subtended, and
the flash would last longer; and therefore it was quite possible,
with the eross prisms, inside instead of outside the zones, to bring
them to half the distance, and obtain double the length of flash.
From a measurement he had made he thought there would be
a flash of about 12° instead of only 5° It would also bring
about a little of the effect which was still wanting in the dioptrie
lights, that of the flash of light beginning gradually, increasing
to the full intensity, and then gradually passing to nothing.
He would be glad to hear whether anything had been done in
this direction, and whether it was considered possible to carry it
out practically in the way he had suggested.

Captain Arrow said he did not profess to be a judge upon the
scientific portion of the question. His own duties, and the duties of
those whom he represented, were, in the matter of optics, confined to
calling upon scientific men to provide such instruments as were
adapted to each particular case, and to see that those instruments
were made use of to the greatest advantage when supplied. At
the same time the Trinity House had to provide the best possible
organization of the lighthouse system of the country, looking to
its necessities in every bearing ; but on the purely scientific portion
of the question they had to look to those who possessed a skill which
he personally laid no claim to. As representing the lighthouse
authorities of this country, he considered the dioptric system was
a great improvement and a great advance upon the catoptric sys-
tem. There were many points, not only in its beautiful arrange-
ment, and the way in which the light was economised, which
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were in favour of the dioptric system, but there was great economy
in the system, and, moreover, it added very much to the safety
with which the English coasts could be navigated. All would
admit that one of the great disadvantages of the catoptric system,
setting aside its comparative waste, was the impossibility of
using it with the precision which attached to the dioptric system.
There could be no better instance of this than was shown on the
chart of the Straits of Gibraltar, in lighting which he and
his colleagues had taken a considerable part. Thanks to the
scientific and manufacturing skill of Mr, Chance, with which he had
always been ready to assist the Trinity House ; thanks also to Pro-
fessor Faraday, great advances had been made in the lighthouse
gystem ; but in the Gibraltar light there was a peculiar illustration
of the advantages of the dioptric system. The Pearl Rock was
nearly 6 miles from the mole, and at that distance the red-coloured
glass caused so much absorption, that it was difficult to get an
effective red light except in the brightest weather. Fortunately,
in the Mediterranean the sky was generally bright. The question
before the Trinity House was how to utilise this light, so as to
guard the Pearl Rock without the cost of a second light upon
Cabrita Point, which would have involved a complication with
the Spanish Government in addition to the expense. That gave
rise to the employment of the beautiful arrangement of the
vertical prisms, which by the skill of Mr. Chance had been so
adjusted as not only to attain the object desired, a good red
fixed light at a distance of 6 miles, but as he was told, on the best
authority, the red rays were quite equal to the white at any dis-
tance the light was visible. By the accumulation of light from
other portions of the arc, the obstruction from the absorption of
the rays was so completely overcome, as to make the red light
equal to the white.

Another case in point was afforded in the Dartmouth light,
Plate 15, Fig. 10. He could say, as a sailor, that it would
be impracticable to run up that channel with a bearing of
one catoptric light only. There must have been leading lights;
but, by the existing arrangement of the dioptric hght, the
path of safety was distinetly defined ; by the shade of red light on
the one side of the channel and of green on the other, the ship’s
course was clearly pointed out. The green light was in itself a bad
colour, but it was the only one that could be adopted there. One
light thus did the duty of two. The lamp was a little bigger, and
a somewhat larger quantity of oil was burnt than in the ordinary
Argand lamp ; yet that was made to serve the purpose of
two lights, and was sufficient to define with the greatest nicety
both sides of the channel, and was of the greatest practical benefit.
Not long ago he anchored in Dartmouth, after which the weather
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came on thick and misty, though not sufficiently so to obscure all
light. Under that condition of the atmosphere, he got the vessel
under way again, ran her out, and doing his duty as a lighthouse
officer, he tried these lights on both sides of the channel, touching
the edge of the red and green alternately to satisfy himself that they
were acting properly, and he navigated his vessel in a thick night
with the greatest accuracy. That was a practical demonstration of
the economy which resulted from the use of the dioptric light.
Some observations had been made with respect to the catoptric
" gystem, which were worthy of consideration. An immense volume
of light proceeded from the ecatoptric light when burnt upon
one plane, and when it could be shown in one beam it was
very good indeed; and, to the best judges, it was difficult to say
whether the revolving light of the dioptric system surpassed it.
He believed he was right in saying he did not think there was a
revolving dioptric light which surpassed two or three of the catop-
tric lights existing on the English coast. In the Beachy Head light,
for instance, there were thirty reflectors on three faces, and upon each
face there were ten lights set in one plane, showing a magnificent
beam of light, with a lengthened and protracted flash, which was very
useful, particularly in thick weather, when the difficulty was to catch
sight of any light. If the flash were prolonged, so much the better ;
he need not say to those experienced in these matters that to pick
up a light at all required a great degree of practice. He had
stood on deck watching for lights up channel, and had looked and
looked till he fancied he saw them, but it was a sort of ignis fatuus ;
and for this reason, if the flash could be prolonged without weakening
its power, it would be of great value, as giving g0 much more time for
the eye to receive the rays. He held, as the representative of the
lighthouse authorities, that the revolving lights on the catoptrie prin-
ciple were so good at this moment, that it would require much
consideration to disturb them, particularly where so great an amount
of light was given, as in the instance he had mentioned of Beachy
Head. There was no doubt economy in the dioptric lamp, but not
to the extent stated. The tendency of the evidence given before the
Royal Commissioners was, however, to the effect that the catoptric
system of lighting, as carried out in this country, was a very powerful
source of light. The Trinity House authorities were acting at this
moment upon that view of the matter ; and, while they were changing
the fixed lights as speedily as they could to the dioptric system,
they had no intention at present of changing the larger revolving
lights, because it was doubtful whether it was possible to improve
them much at the present time; but the time might come when a
different opinion would be entertained. The present was an age
of progress, and no one could tell whether experiments that were
successful to-day might not be eclipsed to-morrow.
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It appeared to have been a source of reflection against the
Trinity House and other Boards that they moved slowly; but
when they did move it was generally in a safe groove. Here
was a case in point. It was mentioned by Professor Airy,
that the relative power of the two South Foreland lights—one
being dioptrie, and the other catoptric, was undistinguishable ; and
in his voyage across the Channel, he was puzzled to decide which
was the better light of the two, and he naturally laid that to some-
thing in the dioptric light which deprived it of the superiority
it ought to have had. This was actually the case. It was a
particularly old-fashioned lantern, which detracted from its
value, though it did not detract so much from the value of the
catoptric light. If that lantern had been changed two or three years
ago, the whole work would now have to be gone over again, because
at the South Foreland it was the intention of the Trinity House to
place immediately electric lights in both towers, which would
require different lanterns from those commonly used, and different
arrangements, compelling a change altogether. Therefore, if this
change had been made at an earlier period, it would have entailed
to a certain extent a loss of money. He mentioned this circum-
stance to show, that the authorities could not move so rapidly as
some people appeared to think they ought to do. As a publie
department, the lighthouse authorities did expect criticism upon
the way in which they carried out their duties, and they were
perfectly ready to meet anything in the shape of fair criticism ; but
he thought there ought to be some allowance made, and some
credit given for the difficulties which the Trinity House had to
struggle with, in having had to work a system of comparative
antiquity. It was for a long period of time far in advance of that
under the control of any other lighthouse authority, whether in
Scotland, Ireland, or France ; and therefore, being so far in advance,
it was the more difficult to alter. On the other hand, the French
jumped at once from the most insignificant lighthouse arrange-
ments to a degree almost of perfection. They had no shipowners
to consult; these matters were done in France with a stroke of the
pen : an alteration was ordered, and it was made forthwith. But
1n this country nothing of the sort could be done. Those for whom
these duties were administered did not find means for making un-
limited experiments, nor would they consent to throw away a good
thing for the sake of a better, unless it was proved that the old
one was not good enough. From some of the remarks that had
been made, he thought a littlé undue stress had been laid as to
the improvement that was wanted in the organization of the
Trinity House. He could understand that, to a person highly
versed in optical science, in his view optical science was the great
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thing wanted. Perhaps the next criticism would be directed to
something in connection with the construction of the lighthouses,
or buoys, or lightships, all of these calling into play other branches
of science. But it would not do to confine the organization to
one of an optical, or of any special character only. The lighthouse
authorities of this country had striven to make available every
branch of science, 50 a3 to be able, in carrying out the details, to
make use of all the appliances which science had placed at
their command. Great thanks were due to the Royal Commis-
sioners who sat some eight or nine years ago. They had, with much
perseverance and pains, and he had no doubt at a large expenditure
of money, accumulated an immense number of facts. He did
not agree with all the conclusions they had arrived at; but he
approved of a great deal they had done. To Professor Airy was
due, he believed, the discovery of a means of effecting a more perfect
adjustment of the optical apparatus, which the Royal Commissioners
had adopted, the knowledge of which was previousty unknown
to the Trinity House, as he believed it was unknown to all other
lighthouse authorities. The same defects existed in the lights
in Scotland as in the lights of the Trinity House; and in the
strictures which the Royal Commissioners had made the very
worst light that was shown as being improperly arranged was
a Scotch light. He believed the Royal Commissioners were under
the impression at the time that it was an English, and not a Scotch
light, but it was the worst on which they put their finger ; so that
the Trinity House did not stand alone in this, if it was a blot in
the system. Thanks to Professor Airy,—thanks to the use made
by the Royal Commissioners of his observations, he was glad to
say the inquiry had resulted in public good. It only wanted to
have the knowledge of the defect brought to light to induce Pro-
fessor Faraday to set to work to rectify it; and when he said they
had the advice of Professor Faraday, it would be admitted that they
had appealed to a high and ecompetent authority. Professor Fara-
day invented a small instrument which rendered it easy, with the
most ordinary skill, to adjust any of the existing dioptrie lights.
Since then much attention had been paid to the subject, and, with the
advantages of Messrs. Chance Brothers’ manufactory, and Mr. Jas.
Chance’s mathematical skill, in conjunction with Professor Tyndall,
whose scientific attainments had been of great use, he did not think
it probable there would be any just cause of complaint, so far as the
organization of the Trinity Board went, in respect to the question
of optical skill. The lighthouse officers of the kingdom did their
best ; they never turned a deaf ear to any suggestion where they
saw an opportunity of advancing in the right direction. The
Royal Commissioners were armed with great powers, and had the
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means of arriving at facts which without those powers it would
bave been impossible to obtain; and they certainly had called
attention to defects common to all lighthouse authorities. Since
then great improvements had been made in optical apparatus.
The vertical prisms were no doubt a step in the right direction ;
but there still remained much to be done, and he hoped to see
improvements introduced which would diminish the cost of the
dioptric lights, and make a smaller lamp do even greater work than
the large ones did at the present moment.

Mr. R. P. BrereroN remarked that he had had experience of
Mzr. Chance’s great skill in the manufacture of optical apparatus for
lighthouses, in the case of one constructed by him at Kingsweare,
for the Commissioners of Dartmouth Harbour, the object of which
was to give a sea-light, as well as to define distinetly by different
colours the fairway channel to the harbour between the 4-fathom
lines at low water on either side. The harbour entrance between
those lines was narrow, and, as a white or leading light of? only 91°
was required, 1t was necessary, to correct divergence of the rays
over so small an are, to have perfect appliances and very careful
adjustment ; and, from his own knowledge of the navigation, he
could state that the objects in view had been remarkably well
accomplished. The light, Plate 15, Fig. 10, was in itself simply
a fourth-order dioptric light, with the refracting belts and reflecting
prisms of the ordinary kind, and the whole of the light was directed
seaward. From theland-locked nature of the harbour and the high
ground adjoining, the direct light visible from the sea embraced
only 45° of which 91° were white light, the sides being green and
red. To intensify the rays of separation, or of transition between
the bright and coloured lights, Mr. Chance had introduced vertical
prisms of total reflection, five on one side and five on the other:
four of these prisms condensed the light upon the edge of the red
and four upon the green. The two outside prisms were for the
increase of the direct bright light to sea. These vertical prisms
were placed outside the illuminating apparatus, and the coloured
shade shown by the green and the other by the red. Captain
Arrow had remarked that green was a bad colour, but Mr, Brereton
found, in coming up the channel, that though the green light was
not so distinetly seen as the red and white lights, still the object
wag attained by navigators, who, when they ceased to see the bright
light and did not catch the green, knew they may be getting into
dangers, the whole of which, however, lay within about a mile and a
half off shore, where the colours were distinctly seen. Although this
was only a fourth-order light, it had been seen in clear weather at a
distance of 18 to 20 miles, which was nearly equal to a first-order light.

Dr. Grapsrong remarked, that though he had listened to Mr.
Chance’s elaborate Paper critically, there was nothing in it which
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he could find fault with ; therefore the fow observations he should
make would only be supplementary.

First of all, he would say a few words on the question of
catoptric and dioptric arrangements. Mr. Chance had stated that
the dioptric was superior to the catoptric, and he had laid it
down, that the best way of judging of the comparative merits of
the two systems was to go to the French comparisons. Though
Mzr. Chance did not give these comparisons, still they were stated
to be in favour of the dioptric arrangement. He had no doubt it
wag so. But it was scarcely fair to the English lighthouse keepers
to compare them with the French, for this reason, that he never
knew a French keeper who could polish a silvered mirror well ; and
the polishing of the mirrors was a most essential matter in the
catoptric arrangements.

The question had been ably discussed on many points, but it
seemed to him to admit of some further consideration, It had been
said that the Fresnel lamp could not be multiplied, that the four-
wick lamp was as large as it could be, and that but little improve-
ment could be made in the optical arrangements ; but the Argand
burners and mirrors might be multiplied ad infinitum, and thus a
brighter light might be produced by the catoptric than by the
dioptric arrangement : and this might explain some of those curious
anomalies which at first seemed unintelligible. Thus there were
Professor Airy’s observations, that the two lights of the South
Foreland appeared to be very much alike, which, indeed, they
were : then there was the fact alluded to by Captain Arrow, that on
an examination of the lights by the Royal Commissioners, they came
to the conclusion that many of the catoptric revolving lights, in-
cluding that at Beachy Head, were the most beautiful exhibited.
The reason was, the mirrors could be multiplied, and there might be
thirty Argand burners, ten at once sending rays all streaming across
the surface of the ocean in the direction wished; and if ten were
not sufficient, there might be twenty or thirty burners, all sending
their rays in the same direction: but it could of course only be
done at a largely increased cost; and the Beachy Head light con-
sumed 1,000 gallons of oil annually. Another advantage of the
catoptric system was that it helped to afford the required distinetion
between different lights on a sea-coast. Mr. Chance had shown
the great distinction between fixed and revolving lights. Dr. Glad-
stone had not much love for fixed lights, inasmuch as they were
easily confounded with lights on shore or on board ship; and
whereas a fixed light was always the same, many different kinds of
lights might be made to revolve at various rates of speed, and to
display various alternations of colour, as in some of the most
beautiful lights in France and Great Britain. Then, again, there
might be short flashes and prolonged flashes. With an electro-
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magnetic apparatus the line of light was a sharp line which
rapidly passed away, and at a distance there was scarcely any light
excepting at intervals, when there was a sharp flash, rapidly disap-
pearing ; whereas with the large mirrors at Beachy Head, there was
always a strong light ; but this light once in every two minutes
gradually increased to its maximum of brightness, and then
diminished again. In this respect there was an appreciable difference
between a revolving catoptric and a revolying dioptric light.  The
general result he arrived at was, that without doubt on scientific,
practical, and economic grounds, the dioptric light was, on the whole,
the best ; but there were advantages connected with the reflectors
which must not be lost sight of, and he thought the authorities acted
wisely in retaining those beautiful lights, which had been alluded to,
on the British coast. Now that the better adjustment of the glass
apparatus was introduced, he had no doubt the dioptrie system would
show its great superiority. On the subject of adjustment, he would
say that the Royal Commissioners learnt from the evidence of many
witnesses, that the light at Cap Grisnez was a very beautiful light.
When the Commissioners went to France and saw the lighthouse
authorities there, they expressed a wish to visit and inspect that light-
house ; but they were told that, inasmuch as it was an old-faghioned
light, and one of the first that had been made on the lens system,
they mneed not trouble themselves about it. They went as advised
to Cap D’Ailly and Calais, where there were very beautiful
modern lights, but they also did trouble themselves about Cap
Grisnez. And here he must go a little into the history of the thing,
as it had not been quite correctly represented. The secretary of
the Commission, Mr. Campbell, being a photographer, thought of
this principle of internal observation for the purposes of adjustment
of the apparatus. When he mentioned it to the Commissioners, they
at once saw the value of the suggestion, and it was applied in
various ways; and this method of observation was employed at the
Start light, and subsequently at Cap Grisnez. It was found with
astonishment that the latter was beautifully adjusted, and there
were reasons for believing that M. Fresnel had adjusted it somewhat
upon the principle now adopted. That solved the secret of the
beauty of the light at Cap Grisnez: while the upper and lower
mirrors were only quicksilvered ones of a very poor description, the
whole was so well adjusted as to send a beam of light right over
the English Channel. This tended to give the Commissioners
additional confidence in the importance of correct adjustment,
and they pointed it out at the North Foreland to the Klder
Brethren of the Trinity House, to Professor Faraday, and other
lighthouse authorities. It was after his visit to the Start, in con-
junetion with the Royal Commissioners, that Professor Airy visited
the Whitby lights, where, as he said, he first woke up to the im-
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portance of the method of internal observation. Thus it was not he
who first brought this plan before the notice of the Royal Com-
missioners ; on the contrary, it took some time to convince him of
the importance of the matter. It was, however, now appreciated
by all parties, and to Professor I'araday they were indebted for
some of the practical arrangements for carrying it out.

He would add that all these beautiful arrangements required not
only good adjustment, but that all the parts should work together to
make the light as perfect as possible. In inspecting one of the
lights devised by Mr. Stevenson, in one of the narrow channels on
the west of Scotland, it was found that there was an astragal in
the way of the most important beam of light. In passing in
front of the harbour light of a principal seaport, the light was
found suddenly to disappear, and then appear again. On visiting
that light it was found that in front of the apparatus, which was
a very good one, there was a pillar 4 inches or 5 inches broad just
in the most important part, and the inspecting party had been going
through the dark shadow cast by this pillar. The practical
observations of Mr. Chance with regard to divided responsibility in
these matters should be borne in mind. In operations like this all
should work together, and there should be perfect harmony of action
between those who planned the lights and those who constructed
or erected them.

Admiral Hamivrow, chairman of the Royal Commission on
Lights, Buoys, and Beacons, said the Commissioners found on
examination, that the Trinity House had endless difficulties to
contend with ; and under such circumstances it was evident the
system could never work properly. If the Trinity House made
suggestions, these had to be laid before the Board of Trade, who
looked too exclusively.at the economical side of the question, and too
frequently said “No,” without the intervention of any scientific
person, and the Trinity House were hampered in every way.
Looking over the report of the Royal Commissioners, for the first
time for many years, he adhered to everything it contained. He be-
lieved the Trinity Board had taken that view which Captain Arrow
gently touched upon, that the Commissioners had been hard upon
them, and had not done them justice in their report; but he was
glad of this opportunity to refer to a paragraph of the report which
he thought entirely took away the sting which Captain Arrow had
hinted at; and if he got the support of the Royal Society on one
point recommended in that report—if the Trinity House would
take it as it was meant, and not view it as reflecting on their
administration—it would be for the advantage of science, he thought,
that that recommendation should be carried out. Captain Arrow,
in his remarks, assumed that optical science was paramount with the
Commissioners. In some sense that might be true; but so far from
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ignoring the other branches in connection with this subject, he was
sure that if Captain Arrow would but turn to that section of the
report under the head of “ Quality of lights,” extending from page
vi. to xii., he would admit that a vast deal more was touched upon
than the mere optical question, and that the immediate practical
points connected with the objects of lighthouse illumination were
borne in mind.

He would also call attention to the 19th paragraph of his own
letter, in which he said :—*“ And in order to satisfy the public that
our Lighthouses, and the whole system of Lighthouse illumination,
are in all respects what the highest state of science can produce,
and the interests of this great maritime country require, the Queen
might be advised to issue her warrant appointing the President and
Council with other Fellows of the Royal Society annually to visit the
central establishment at the Trinity House, as is now the case with
the Royal Observatory ; and that the Trinity Commissioners for
Lights should on that occasion submit a report of their pro-
ceedings in all matters relating to the development of and improve-
ment n Lighthouse illumination fo the Visiting Board of the Royal
Society ; such report to be presented to Parliament with the annual
estimates.”

The Commissioners advised that the Trinity House should have
placed at their disposal and service the assistance of men of
science, and that the constructive details should also be carried out
under their direction and superintendence. He could not say how
much the Royal Commissioners were indebted to Mr. Chance. The
Trinity House, and others who were interested in the maritime
concerns of the country, were aware how much was owing to
him, and Admiral Hamilton considered himself fortunate in having
been at the head of an inquiry in which the services of such
aman as Mr. Chance could be made available. Allusion was
made in the report to the superiority of the building of the light-
houses. There were none superior to those built by the late Mr.
James Walker (Past President Inst. C.E.), and he greatly regretted
that the name of that eminent man in connection with them had
been omitted. In conclusion, he would say that the primary object
on the part of the Royal Commission had been to assist the Cor-
poration of the Trinity House as much as possible.

Captain Arrow assured Admiral Hamilton that his allusion to
the Royal Commissioners had not been made in any unkind spirit;
but he thought the remarks of Professor Airy were of a character
rather disparaging to the lighthouse authorities and their officers,
and it was to those remarks he bad alluded. He never meant to
cast the slightest reflection upon the Royal Commissioners.

Mr. BasBAGE observed, that he had but little to say on this subject,
except to express, in common, he believed, with all who heard it,

Downloaded from ftp.nowpublishers.com/jmipi/article-pdf/26/1867/507/2795848/imotp_1867_23171.pdf by guest on 10 September 2026



526 OPTICAL APPARATUS OF LIGHTHOUSES.

how highly he appreciated the excellent Paper, and the equally ad-
mirable tone in which the Author’s explanation of it was expressed.

Of course it was impossible that all the details could be read at
one meeting ; and consequently questions were asked on subjects,
which he had no doubt would have been answered by the Paper
itself. He had himself no criticisms to offer on the subject; but
he thought this beautiful apparatus was capable of being ren-
dered of still greater utility. Most lighthouses were upon the
revolving principle, some revolving with more, and some with less
velocity ; and others had temporary eclipses; but there were cir-
cumstances which were greatly influenced by the state of the
weather, in certain conditions of which there was difficulty in
estimating even roughly the distance of a lighthouse from a ship.
There was another way in which these lights might be utilized,
still, however, preserving them for their primary purpose of light-
houses: he alluded to the adoption of a system of signals, which
in some cases might be of the greatest use; and he believed that
it could be accomplished without any diminution of the intensity
of the lights, or for the primary purposes for which they were re-
quired. By this plan, which occurred to him fifteen years ago, he
produced occultations, and the system of signals he proposed would
be governed by the number of occultations, and by the amount of
light intercepted by each. Seeing this beautiful instrument, it
occurred to him that it might well be employed for that purpose.
During the Exhibition of 1851, he had an occulting light placed
on the roof of his own house, with a view to experiments upon its
adaptability for telegraphic communication; and subsequently he
received a communication from America, requesting him fo visit
that country to establish that system there.

He thought he might be permitted to state a curious fact re-
lating to the effect of these very rapid occultations upon the
mind. He had produced occultations so quickly succeeding each
other, that he was aware of their being double occultations before
he was enabled mentally to put into mental language the expres-
sion of that fact. This system of rapid occultations appeared to
him capable of adoption for signalling purposes; and he thought
that in the hands of the manufacturers of these instruments, it
might be turned to some practical account. He had published an
account of this system fifteen years ago; and yet, such was the
state of the Government of this country with respect to scientific
matters, he understood the Government had adopted the principle
without the slightest acknowledgment of it in any way whatever.
As an Englishman, he would say he thought it was an unworthy
thing for persons at the head of affairs to do that in their official
capacity which would justly be esteemed disgraceful if it were done
for personal ends.
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Mr. Jas. N. Dovcrass said, the first order apparatus of the
Gibraltar lighthouse for a fixed light with vertical condensing
prisms, to which Mr. Chance had referred in the Paper, was an
instance of care in design, great perfection in the material of the
glass portions, and optical accuracy in construction. To show
with what precision this apparatus was erected by Messrs. Chance
he might state, that considerable improvements were made by the
Corporation of the Trinity House, at this lighthouse, in 18634,
and it was determined in designing the mnew dioptric apparatus,
which was to illuminate 288° to have in it an arc of 23° of very
powerful red light, for the purpose of marking the Pearl Rock
Shoals off Cabrita Point, at a distance of five miles from the
lighthouse. The work was so accurately performed, that when
the light was tested by a Committee of ¥lder Brethren of the
Trinity House, the line of demarcation between the white and the
red lights at the Pearl Rocks was found to be identical with that
determined on, and not the slightest alteration was required in the
adjustment of the apparatus.

He had had many opportunities of observing from the sea the
relative illuminating power of the two lights at the South Fore-
land; and he had noticed, like the Astronomer-Royal, that on
some bearings at sea the upper, or diopirie, appeared, as it should
do, the more powerful, and on other bearings the lower, or catop-
tric, seemed to have the advantage. He would briefly descmbe the
illuminating apparatus in each lighthouse, and the reason, in hig
opinion, for the observed difference in illuminating power on
certain bearings. The low lighthouse had fifteen paraboloidal
silvered reﬂectors 21 inches in diameter, and Argand lamps with
Z-inch burners. The apparatus iTluminated a sector of sea surface
of 199° giving 13° 16" as the work of each reflector; therefore,
as the reflectors had each a divergence of 15° the light should
be practically uniform in illuminating power throughout the above
sector. The high lighthouse had a first-order dioptric apparatus
for fixed light, manufactured by Lepaute, of Paris, in 1841. It
was composed of six 45° panels of refractors, two 45° metallic
spherical reflectors, and nineteen zones of prisms, thirteen upper
and six lower. The apparatus illuminated a sector of sea surface
of 270°. The apparatus and lantern, like all those of French
manufacture, were constructed with vertical and horizontal framing,
the vertical portlons opposing at every 221° an obstruction of the
light equal to about 40 per cent. This obstruction was so much
increased, when the compressed intense illumination of the electric
light was used, during the experiments that were made by the
Trinity House with this light in 1857-8, that the officers of steam-
packets crossing the Channel were known to have used the partially
lluminated bearings for checking their position at sea.
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As wag stated in the Paper, the illuminating power of a fixed
dioptric light was about only Lth that of the best revolving dioptrie
light of the same order ; it was, therefore, of the utmost importance
in a fixed light, that the whole power of the apparatus should be
sent to the mariner practically unimpaired by obstruction of framing
throughout the whole iluminated sector of sea surface.

To the late Mr. Alan Stevenson was due the introduction of
inclined framing for the apparatus and lantern, for the purpose of
reducing the obstruction of light, and distributing the reduced
obstruction nearly equally over the illuminated sector of sea surface.
Inclined framing was also adopted by the late Mr. James Walker ;
in both instances the lanterns were framed with gun-metal, and
glazed with flat plate-glass. In designing lanterns for the Trinity
House, he had lately, with the view of reducing the obstruction of
the light to a minimum, as well as that of the aberration of the
rays proceeding from the single lamp of a dioptric apparatus,
adopted the cylindrical form for the lantern, with steel for the
framing, the latter having an inclination of 307, and helically
curved throughout. A first-order lantern of this description was
shown in elevation and section in Plate 16, and a small model of
the glazed portion and its framing was also exhibited. Before
constructing one of these lanterns, he had made some experiments
with various forms of framing, in which he had the valuable advice
and assistance of Professor Faraday, the scientific adviser of the
Trinity House; a section of the framing, full size, was placed
before a first-order dioptric apparatus and lamp for fixed light,
and it was found that no visible shadow was cast upon a white
screen placed only 45 feet from the light. Professor Faraday re-
ported on the experiment as follows, “A full-sized model of part of
a lantern on the construction of Mr. Douglass was placed before
the lamp and optic apparatus. It cast no sensible form of shadow
on the screen. In fact, the whole amount of shadow was a mini-
mum, and it was uniformly (or nearly so) diffused over the illumi-
nated interval. T conclude that it would be nearly a matter of
indifference (as regards shadow) where the uprights of the optical
apparatus were placed in relation to such a lantern.”

The framing of the lantern was of puddled steel, having a
tensile strength of 32 tons to the square inch; it was rolled in
halves, as shown in sectional plan at E F, Plate 16. The quadri-
lateral and triangular frames were welded together at the top and
bottom corners, and were adjusted to size and curvature on a gauge
block : they were afterwards fitted and riveted together, each pair of
quadrilateral frames fishing the junctions of the frames above and
below them, and thus forming a rigid framing, of nearly uniform sec-
tional area and strength throughout the lantern, for the support of
the plate-glass. The framing was riveted together at the workshop
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into eight triangular sections the whole height of the lantern,
leaving only eight joints to be riveted up at the lighthouse. The
rebates of the frames were all carefully adjusted to standard tem-
plates, to which the plate-glass was manufactured by Messrs. Chance,
so that the panes of glass might fit throughout any lantern of the
order to which they belonged. The fillet in the sash-bar to receive
the glass was parallel with the front of the sash-bar. The glass
was not flat, forming a structure in facets as in lanterns previously
constructed ; but it had the necessary curvature given to it, so as
to form, when glazed in the lantern, a true cylinder, affording the
greatest degree of optical accuracy for the transmission of light
from the central illuminating apparatus. The glass was secured
in position by gun-metal cappings screwed to the framing. A
supply of spare panes was kepb ab each lighthouse, so that in
case of accident to a pane, it might be immediately replaced by
the light-keepers. Several of these lanterns had been erected, and
one was exhibited by the Corporation of the Trinity House at the
Paris Exhibition, with a first order dioptric apparatus in position,
manufactured by Messrs. Chance. .

A cylindrical lantern specially designed by Messrs. Chance for
their dioptric apparatus, in which the English electric light was
exhibited at the Paris Exhibition, might also be seen on a lofty
temporary scaffolding in the Park. This lantern had horizontal,
vertical, and inclined framing, nearly all of which was made to
coincide optically with the framing of the dioptric apparatus for
fixed light. :

He might extend his remarks on the first order eylindrical lantern,
to the special arrangements for ventilation, to meet Professor IFara-
day’s views, for distributing the upward current over the internal
surface of the lantern glass, and thereby preventing condensation
thereon ; but, as he was about to prepare a Paper for the Insti-
tution on the construetion of lighthouses, he would in doing so go
more fully into that subject.

Mr. C. W, Siguexs said, it had been objected that ‘the Paper
was not of an engineering character, but the subject was intimately
connected with engineering, and had been received with interest by
the members. Mr. Chance had confined himself to the optics of
lighthouses, which was a large subject by itself, although many
would have liked to have heard about their mechanical construc-
tion, on which he had so much practical experience, and also on
the constitution of the glass, which Mr. Siemens believed was of
great importance to the results obtained. The description of glass
used in the lenses and prisms was, he understood, generally flint-
glass—that was glass which had oxide of lead for its base; but
this glass varied very much in quality. A small addition of lead
would increase its refractibility considerably, and he knew there

[1866-67. N.8.] 2 M
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wag difficulty in getting an even mixture at the top and bottom
of the glass pot. He therefore thought there must be some
special means of obtaining uniform refractibility, or some ready
means of adjustment for differences in the degree of refractibility,
which he would ask Mr. Chance kindly to explain. One point of
great interest had been touched upon, which should be fully dis-
cussed.” The Astronomer-Royal, in going from Dover to Calais,
observed - that at a certain distance from the two Foreland lights,
one dioptric and the other catoptric, the two showed no essential
- difference in intensity, though the dioptric light was far more bril-
liant than the other when viewed from a short distance. No
explanation of this observation had been offered, and he would
merely suggest whether it might not be the case that, al-
though the dioptric light was the more brilliant in itself, it would
nevertheless, at a considerable distance, produce the same effect
only as the other light for the following reason: If light
might be regarded as a vibratory motion of the medium through
which it was transmitted, any obstructive matter in the form of haze or
smoke must exercise a destructive effect according to the square of
the energy of vibration, or intensity of the light. If that were
the case, it followed that a brilliant light would in an obstruc-
tive medium soon subside into a light of moderate intensity, and
thence proceed at a more equal rate of diminution with light pro-
ceeding from a less brilliant source but of equal magnitude, the
latter being chiefly determined by the extent of light-emitting
surface. For instance, one light produced by a candle would be
lost sight of, under certain atmospheric conditions, say at a distance
of half a mile. - But with six lights of the same size placed
side by side, a sufficient amount of light would be conveyed to
that distance to produce a distinct effect on the eye. In the
same way the glare of the gaslights of London was seen at a
distance of twenty or thirty miles, whereas a limited number
of more intense lights would be lost to sight at that distance. He
therefore thought the quantity of light emitted was of more im-
portance than its intensity in seeking distant effects, a circum-
stance which had not perhaps been fully considered in estimating
the relative value of the electric light, as contrasted with the
ordinary optical apparatus of extended surface.
The question had been put, whether the dioptric light was,
“under all circumstances, better than the catoptric; and the Author
of the Paper seemed to be much in favour of the dioptric system.
Now it appeared to him that, for lights of comparatively
short range, the catoptric system could be used with advantage,
because the reflecting mirror was the more simple arrangement ;
and if its surface could be kept clean, it would reflect the light in
a certain definite direction without much loss, provided tlie parabolic

Downloaded from ftp.nowpublishers.com/jmipi/article-pdf/26/1867/507/2795848/imotp_1867_23171.pdf by guest on 10 September 2026



PLATE 16.

(77

m

(AR
I

44444444

"%

7

S5,

i
7

.

S

S as sy e es

Vo

e s e

o

N&Z27%

LIGHTHOUSES.

CONSTRUCTED WITH HELICAL FRAMING OF ROLLED STEEL.

OF

T TSTe TN |

PLAN AT E F

PPARATUS

F

A
>

Y

RS

L

CYLINDRICAL LANTERN FOR LIGHT APPARATUS OF THE FIRST ORDER,

A
Sy

B

Y

=

=

=
NS
=

©

N

i

S

s

7

=

===

=
=

A
=

i
==

PTI

N

©

7

/,

PLAN AT C D.
Scale,

i
il

JIC

P

Inse 6, ¢

EKELL,BRO$ IITH. CASTLE S$* HOLBORN.

SECTION AT A B ON PLAN.

Minutes ‘of Proceedings of The Inétitution of Civil Engineers, Vol: XXV Session 1866.67.

ELEVATION.

Downloaded from ftp.nowpublishers.com/jmipi/article-pdf/26/1867/507/2795848/imotp_1867_23171.pdf by guest on 10 September 2026

JAS N.DOUGLASS, DEL*



OPTICAL APPARATUS OF LIGHTHOUSES. 531

mirror were extended far enough over the light. The principal draw-
back appeared to be, that the surface of the parabolic mirror became
tarnished ; and in order to prevent that, he would recommend
those interested to try pure nickel surfaces, produced by the
galvano-plastic process. He had tried them, and he thought
they were perhaps of all metallic surfaces the least apt to tarmish.
Nickel was as hard as hardened steel, and it seemed to remain per-
fectly bright under all atmospheric influences, even in rooms where
sulphuretted hydrogen was present.

There was one other light, which had occupied his attention
during the last twelvemonths, to which he would refer:—Mr.
Thomas Stevenson, of the Northern Lights, had proposed to
establish flashing lights (that was to say, lights giving out flashes
at certain intervals) upon beacons and buoys; and Mr. Siemens
had been applied to with a view to accomplsh that object. The
source of light was to be upon the land, because there were periods
of the year when & landing could not be effected with safety at the
beacons or buoys ; and the source of light which naturally suggested
itself under these circumstances was electricity. The apparatus that
had occurred to Mr. Stevenson was the Ruhmkorff coil placed upon
the land, and communicating with the beacon through a cable ;
but the preliminary experiments at once showed, that the discharge
of a Ruhmkorff coil would be absorbed in a cable of only 100
yards in length, and that no spark would be produced on the
beacon. The next thing tried was to place the coil on the
beacon, and to send simply the battery current through the cable:
a cable having a large metallic section was taken, but nevertheless
the absorption was such, that no perceptible spark could be produced.
Under these circumstances the idea suggested itself to him, that a
simple metallic circuit might be established through the coils of an
electro-magnet, and that the extra current produced in breaking
that circuit would produce a flash, close to the electro-magnet upon
the beacon, which would be increased rather than otherwise by the
accumulated charge in the connecting cable. If this could be
practically accomplished, then the light might be placed at a con-
siderable distance from the shore, without destroying the battery
effect which had to be transmitted from the land through a cable.
The apparatus was not perfected at once ; but he had placed one on
the table which would accomplish the object in view. It comprised
a heavy electro-magnet, the coils of which were supposed to be in
communication with a battery on land through a cable. A clock-work
apparatus on land established the electric circuit through the cable
at certain predetermined intervals. The electric circuit through the
cable was, however, not complete, unless the weighted armature
of the clectro-magnet was in its distant or unattracted position.
The attraction taking place, the circuit was broken at 2’ohe point of a
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532 OPTICAL APPARATUS OF LIGHTHOUSLS.

platinum pin, which was drawn from a mercury bath, and a brilliant
discharge of extra current ensued. The cwrrent being thus broken,
the armature fell back and re-established the circuit, when it was
again attracted, and a discharge again took place, and so on during
the periods of time when the circuit was estabiished on land. The
mercury was continually renewed at the point of confact by means
of a ecirculating pump, which was worked by the electro-magnet
itself, which latter had to be very powerful in order to pro-
duce an intense light in its discharge. The point of discharge
was placed in the focus of a dioptric or catoptric reflector,
upon the beacon or buoy to be lighted. This apparatus had
only lately been completed, and had not yet been tried at sea;
but it had been at work experimentally for some time, and appeared
to give very constant effects, If this apparatus was constructed
for throwing the light only through a limited are, the effect
would be much intensifiel; and in that form he thought it
might be placed with advantage at narrow entrances, where cach
light would tell its tale by the periods of successive flashes pecu-
liar to itself'; and since the succession of flashes could be varied at
will by the contact arrangement on land, the apparatus might
also be used for conveying special warnings or signals to vessels
out at sea. This apparatus was only applicable to a succession of
flashing lights.

Mr. CavppEeLL, Secretary to the Royal Commission on Lights,
Buoys, and Beacons, said lus knowledge of the subject was chiefly
gathered during the time that the Royal Commissioners were at work,
between 1858 and 1861 ; he had not considered much about it since
the report was presented, but he understood that there had subse-
quently been great improvements. He thought, however, he could
explain why it was that the dioptric was not better than the catop-
tric light at the South Forcland, »f the time when those two lights
were observed and compared by the Astronomer-Royal. The diop-
tric apparatus was not then adjusted so as to make the best of the
light produced by the lamp, and the flame of the lamp was inferior
to flames observed elsewhere. The apparatus was constructed to
throw light horizontally, but at the South Foreland it was placed
ag high as 372 feet above the sen. The flame itself was small and
low, and consequently observers on board ships crossing the channel
saw chiefly the points of the flame through the glass of the appa-
ratus. The flame was inferior to begin with, and the best of the
light produced by it was thrown on the sky far above the visible
sea horizon, distant 20 miles. On looking through the glass appa-
ratus from within, the sen horizon was not seen by Mr. Campbell
from the proper places through different parts of the apparatus.'

1 For an account of observations made by the Commission whicli bear upon
this point, see Report, vol. i, p. 49, pp. 52, 53, where illustrations are given of the
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Now, if the apparatus had been properly adjusted, he believed that
this light would have compared favourably with the other Light;
but he could not speak to the fact from his own knowledge, for
he had not, since June 20th, 1860, compared the two lights from
the sea.

Admiral RypEr, a member of the Royal Commission on Lights,
Buoys, and Beacons, said he had no doubt but that great pains had
heen taken to prepare the beautiful dioptrie ights of Mr. Chance, for
England, Ireland, and Scotland.  In Great Britain, where intelligent
observation was applied to them, they did their duty well ; but in the
colonies, a different state of things obtained. The same kind of in-
struments were sent out; but when they arrived, from ignorance
on the part of the people who had to do with them, they were mis-
managed to a great extent. Ie would mention the state in which
he had found a first-class, revolving, dioptrie light, at Bermuda.
The island was surrounded by rocks to a great distance on one side,
and it was most important that this light should do its duty
thoroughly. On approaching the island, he saw the light at a
considerable distance. The ship was anchored in the basin—a dis-
tance of ahout 4 miles from the light—on the next night after his
arrival, and he was anxions to watch the light previous to the visit
he proposed to make to it. To his great surprise, after it was
lighted, no flash was visible from the deck of his vessel, the ¢ Hero,
a line-of-battle ship. His eyc was about 34 feet above the water.
He thought at first that the keepers were dilatory : ina little time he
saw a famt light ; but after watching hour after hour, there was no
appearance of the flash. Ie then sent a midshipman up the rig-
ging, telling him to report to him as soon as he got into the flash ;
but it was not till he had ascended a height of 80 feet from the
deck that he did so. Below that hecight there was only the dim
light which came through the lower prisms. Most fortunately the
flash reached the horizon ; but for many miles from the base of the
lighthouse there was no flash to be seen, except at a considerable
height above the sea. He afterwards visited the lighthouse, and ascer-

adjustment of flames and apparatus at Grisncz and at South Forcland. Sce also
“Jixplanation of the Drawings,” p. 226G, and the drawings in vol.i. For the general
subject, see the Report and Appendices. The Conmumission proved that * the
dioptric apparatus in the United Kingdom was not always arranged so as to be
turned to the best advantage: that the amount of light produced was often
deficient: that the optical apparatus was often so adjusted as to waste a great part
of the light produced.” DBut since 1861 it is understood that many of these defects
have been remedied, by the use of improved Jamyps, and by the readjustment of the
optical appavatus. The South Forcland dioptric light was visited and hurriedly
re-examined by Mer. Camphell, Sept. 13, 1866, and the sca horizon was then seen
in the proper direction through all parts of the apparatus, which were tested by
looking through the gluss. Mr. Campbell said his information was out of date,
because it relates to a state of things which appears no longer to exist, at least at

the South Forcland.—J. F. C.
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tained the cause, with which he had already become familiar in
previous inspections of other lighthouses. He found that the
mnstructions given to the keeper were to keep the lighthouse
thoroughly clean and to burn as little oil as possible. The keeper
was a very intelligent man, and Admiral Ryder learnt a good deal
from him as to the smaller details of lighthouse management in
the tropics; but the keeper evidently prided himself on his eco-
nomy of oil. There was a paltry little Hame, of not more than an
inch and a half in height, and the best part of the flame was at a
considerable distance below the foci of the lenses. This was the
reason that there was no flash visible from the deck of any vessel,
except at a considerable distance. A vessel in thick weather
going within that range would be in danger of getting on the
rocks, He mentioned this circumstance to the Lighthouse Com-
missioners, consisting of the naval Commander-in-Chief, Sir A.
Milne, the Superintendent of the Dockyard, and others, for it
appeared to have escaped their notice. The lamp was not a pres-
sure lamp, but the ordinary lamp used by the Trinity House in
England previous to the issue of the report of the Royal Com-
mission. There was no means of rectifying the evil except by
raising the lamp, and directing the keeper to burn as much oil ag
possible. This was the only thing that could be done, as the
purchase of a pressure lamp was objected to. The lamp was
accordingly raised gths of an inch, and the next night after that
was done a splendid flash could be seen from the decks of all
the vessels in the basin at 4 miley’ distance. Thus this light,
which no doubt cost between 3,000/, and 4,0007., had been worked,
up to the period of his visit, in a manner which made it almost
useless as a danger-signal at the time when it was most required.
He subsequently went to Halifax, another most important port,
to which large-class steamers were running daily. At the entrance
to the harbour there was a dangerous rock, on which a lighthouse
was placed. He made a point of visiting all the lighthouses he
could, and accordingly went to this lighthouse, in company with
the Commander-in-Chief of the station, Sir A Milne, and there he
found the following to be the condition of this most important
lighthouse. He found a dirty table, on which were placed nine
very poor Argand lamps. There was no arrangement whatever for
securing that the rays should be directed in any particular direc-
tion, and the lamps were so placed as to leave dead angles. The
reflectors were more than fifty years old, and as dull as pewter.
He noticed that a small chip of wood was placed underneath the
front of each lamp. He asked what the object was in using those
pieces of wood, and the reply of the keeper was, that they were
used by his father before him, to prevent the oil from flowing over
too much ; those chips of wood had probably been in use for the
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last forty years for the same purpose. He measured the angle of
error introduced by those pieces of wood, and found that it was
from 3 to 5 degrees; so that all the brightest rays had for years
been thrown to the stars. He wrote to the Governor of the Pro-
vince and to the Board of Trade on the subject, and suggested that
there ought to be at least a second-class dioptric light at that spot;
but he believed the result was nine new Argands or nine new
reflectors were substituted, and the pieces of wood, he had no doubt,
were still used in the same manner as they always had been. If
that was the state of two most important lighthouses in English
colonies at no great distance from England, and which were con-
stantly visited by men-of-war and merchant-ships, what was likely
to be the state of those situated at great distances on the other
side of the world? There was but one remedy, viz., that one or
more inspectors of lighthouses should, after being thoroughly
instructed in every branch of lighthouse management and adjust-
ment, visit periodically all colonial lighthouses, say triennially,
and report in detail to the colonial authorities and the Board
of Trade.

Mr. Craxce, in reply upon the discussion, said regret had been
expressed that certain subjects had not been treated in the Paper.
In the few observations he had made after the reading of the
Paper, he explained that its limits precluded him from touch-
ing upon particular subjects in a manner to do justice to them.
He confessed that it had not occurred to him to refer to the
constitution of the glass, to which Mr. Siemens had alluded ;
not because there was any secret connected with it, but because
it was a chemical subject; and also because any kind of colourless,
transparent glass might be taken to produce the effects required
in lighthouse apparatus. The glass used by him was of the ordi-
nary kind—not that called flint glass, which had the higher re-
fracting power. The glass ordinarily used was of low refracting
power ; 1its index being under 1'52. Professor Airy regretted
that the mechanical portion of the subject had not been more
fully treated. That constituted by itself a large division, and could
not be introduced into the Paper; but the particular point to
which the Astronomer-Royal alluded had been purposely omitted.
The Astronomer-Royal referred to the Start Lighthouse, concern-
ing which he expressed the suspicion, after having examined
the optical apparatus, that the convex surfaces of the lenses
were spherical round one common centre, instead of being annular
(except at the central disc), generated round a common horizontal
axis, but not having their respective centres of curvature in that
axis. He had reason to believe from communications which he
had received that such was the case; but considering that this ap-
paratus was constructed about 1836, and looking to the correct-
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ness of shape to which the annular lens had been brought by
Augustin Fresnel as early as 1822, it was not for him to re-
cord how, after so long an interval, such backwardness of execu-
tion was still existing in this country. He would, however, sug-
gest, by way of explanation with regard to this matter, that this was
nearly the first—if not the first—attempt, in this country to produce
the Fresnel lens. It was made at the works of Messrs. Cookson,
at Newcastle-upon-Tyne, and what this firm then accomplished was
exceedingly creditable to them. His object, however, had been not to
record failures, but rather the successive steps of progress, whether
in this country or abroad. He was very glad indeed to have had the
help of Mr. Campbell and of Admiral Ryder in the explanation of what
must have struck all who heard it as a discrepancy between theory
and practice. The theory was, that the dioptric light was superior to
the catoptric one; whereas it had been asserted that at the South Fore-
land the former gave no better light than the latter. The reasons
assigned by Mr. Campbell and Admiral Ryder were facts to which
he could bear witness; and he would add a few words to their
remarks, as he himself had inspected the dioptric light at the South
Foreland. The refracting portion of the apparatus, as was stated
by Mr. Douglass, was constructed at an early date, indeed not long
after the first introduction of the cylindrical refractor; it ought
not, therefore, to cause surprise that it should be of an inferior
description. This, the middle portion of the whole apparatus, as
be mentioned in the Paper, constituted in its illuminating value
seven-tenths of the whole apparatus; and, further, the single central
zone of the refracting portion was equal to half of it in illuminating
effect ; that was, to seven-twentieths of the whole structure. Now, in
the case of the South Foreland light, the refracting portion, especially
the central zone, was very inferior, and had never been reconstructed,
because it required to be removed for that purpose. Nearly every
part of it was doing what formerly characterized the upper and
lower divisions of the apparatus; that was, sending valuable light to
the sky or to the foot of the tower. Looking at these facts,
added to what had been stated by Mr. Camplell and Admiral
Ryder, no one would be astonished at finding that the catoptric
light, brought to a state of perfection, was equal to a dioptric in-
strument, which, besides not being provided with an adequate flame,
was of a very inferior kind in regard to shape and adjustment; for if
the imperfections of the lenses, and the original wrong adjustment
of the reflecting parts above and below were considered, it seemed
scarcely possible to produce worse effects than what were expe-
rienced : indeed, when the light was sent over a large vertical
angle, in consequence of imperfection of shape, it did not matter
much how the parts were adjusted. The sea would in any case
receive only a small portion of the large vertical dispersion. He
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hoped that he had disposed of the reasons why the dioptric system
had not realized in certain lights the merits assigned to 1t theo-
retically.

Those who had joined in the discussion had mainly alluded
to the rivalry which existed between the dioptric and the catoptric
systems; but it had not been his intention to refer to the
latter plan in any manner disparagingly. By catoptric apparatus
was meant the system of condensing a portion of the luminous
sphere of light proceeding from the central source by means of
metallic paraboloidal reflectors. He had now to allude to certain
proposals which had been made by Colonel Smith. There were
two points: one was a suggestion that the metallic reflector should
be formed by the revolution of the back portion of a parabola round
the vertical axis, which passed through its foeus, so as to produce a
fixed light over 180°. Now, this might be considered to be the
inferior one of the two methods that could be adopted for this
purpose. The other method was to cause the anterior portion of the
parabola to revolve round its parameter; this being the most
elfectively illuminating part of the parabola, in consequence of the
greater lengths of the focal distances, and the freedom from intercep-
tion by the burner of reflected hight. It was indeed the plan which
Bordier Marcet originally devised, and which, to his great disap-
pointment, was superseded so soon by Fresnel’s dioptric system of
fixed lights.

Another proposal had been made by Colonel Smith. It was for
the purpose of producing that which was considered by some a
desideratnm—namely, to increase the horizontal divergence in
the lenticular system. Fresnel proposed, in certain cases, to pro-
duce lenticular action by placing outside fixed light vertical re-
fractors, which caused the horizontal condensation, Colonel Smith
proposed to fix these vertical refractors within the fixed apparatus,
so as still to produce horizontal condensation, but placed so
near to the flame that the angle subtended by it at the internal
refractors should give the desired aungle of horizontal divergence.
Now, if this arrangement were adopted, the internal refractors,
which were intended to condense laterally, must be eylindrical over
the flame, and not vertical ; and this cylindrical structure must be
cut by two meridian planes, a work which would be troublesome,
certainly, but not impracticable. But if the twofold system were
adopted, there would be no difficulty in placing outside the fixed
light, as Iresnel devised, vertical refractors, which should give by
their sections any amount of divergence or convergence. It was not
necessary for that purpose to have recourse to an internal structure,
which, in addition to the difficulty of its execution, would interpose
a most inconvenient obstacle in the service of the lamp. But, in
truth, neither of these methods was wanted, whether inside or ont-
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gide. The desired effect was easily produced by means of a single
optical agent, as had been proposed by Mr. Thomas Stevenson. He
gave simply to the inner surface of the lens a cylindrical curvature,
so that the horizontal section of the inner surface would be a ecir-
cular arc. By this method horizontal divergence, to any required
extent, could be given to a beam of rays, which were before parallel,
and at the same time the large proportion of light which would be
wasted in its passage through a second optical agent would be
saved.

He would now refer to the subject mentioned by Mr. Siemens,
who, in alluding to the relative merits of the metallic reflector and
the dioptric light, and especially in reference to the two lights at
the South Foreland, had made a distinction between the effects of
quantity of light and intensity of light. Now, while the source of
light remained the same, there could be no difference in the intrinsie
nature of the effect produced, and the question of quantity and
intensity in relation to each other was simply this:—intensity
signified the quantity of light received upon a given unit of surface.
If, however, the electric spark were used, it might be an open ques-
tion, how far the undulations connected with that kind of light
might so far differ from those of light caused by the combustion of
oil or gas, as to introduce special considerations relating to retarda-~
tion, or diminution of power, in going through the atmosphere.
This was a question quite admissible into the subject; but when
discussing the relative effects of the dioptric light and of metallic
reflectors, while the source of light remained the same in both cases,
the only questions to be dealt with were the loss of light caused by
the instrument itself, as ascertained by experiment, and its dis-
persion in conical beams according to purely geometrical reasoning.

There seemed to be an impression, that the metallic reflectors
afforded what was termed a body of light, as distinguished from
the effect of dioptric instruments. Now, in a large apparatus such
as a 45° segment of a first order revolving dioptric light, the central
source of light must not alone be considered, for every part of the
apparatus was virtually a radiant point. He was not, however, ad-
mitting that size was necessarily an essential element, because, when
an observer went to a certain distance, the whole apparatus appeared
as a mere point. The effect depended upon the actual quantity of
light which the eye received ; hence the main points to be considered
were—1irst, the original souree of light ; then the loss of light caused
by the apparatus itself; and finally, the wasteful dilution of light in
proportion to the extent of divergence permitted over and above what
was wanted for practical purposes. He had seen it stated in the
treatises even of scientific writers, that actual size was important in
the apparatus, in order. that it might subtend a large angle on the sea
itself, whereas the whole geometrical portion of the subject related
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simply to angles within the apparatus, and not to its linear dimen-
sions, as it concerned external angles. e had only referred from
memory to what had been remarked during the discussion, but he
trusted that he had alluded to most of the points which had been
brought forward. There was one, however, which was mentioned
by Captain Arrow in regard to revolving catoptric lights; and cer-
tainly, if the catoptric system admitted of comparison with the
dioptric one, it was in the case of revolving lights. Captain Arrow
had specially alluded to the catoptric revolving light at Beachy
Head ; but Mr. Chance was not aware that, on the south coast of
England, there existed any revolving light on the Fresnel system
which, by its position, could be viewed in comparison with Beachy
Head Light. And he would remark, in regard to the lightson the
opposite coast, that neither the Cap Grisnez Light, nor the Calais
one, were specimens of the most powerful kind of dioptric revolving
lights. He would remind those who knew anything about the
light at Beachy Head, that it had the great advantage of not show-
ing a flash more frequently than every two minutes, whereas in
dioptric revolving lights generally the greatest interval between the
flashes was only one minute. He would rather, in these questions,
rely upon accurate observation. There was, indeed, wanting in this
country some institution where such points could be decided by
actual photometrical experiments, so as to do away with mere
conjectures. What was the observation of any mariner worth,
when he said that one light gave a powerful effect and another
a weak effect, and at the same time gave no particulars concern-
ing the state of the atmosphere? There was nothing so difficult ag
photometry. The men who handled it under the best circumstances
found it difficult to come to conclusions. One rule was indispensable
—observations should be simultaneous. It might, indeed, be con-
sidered impossible, after looking at any particular light, to remember
its intensity. He attached no value to general remarks such as that
one light was good and another light bad. It was necessary to
appeal to scientific tests, and at present that method was pursued
in France alone. The French had carried on from year to
year the most systematic course of experiments upon the metallic
reflectors and the Fresnel apparatus. Granting that their re-
flectors were not so good as the English, it was easy to make
a deduction for any such difference. "What had the most recent
experiments proved? That a fixed light of the second order
gave an effect equal to that of sixty reflectors of about the
ordinary English type. That calculation was not based upon
measurmg only the brightest part of the beam, but upon the actual
quantity of light sent out in a horizontal plane. Take, for instance,
a metallic reflector with a horizontal divergence of 15°; the intensity
of light relatively to a given unit was measured at each degree, or
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at each half degree, whence was coleulated the total quantity of
light contained m the whole angle. In the same manner the
intensity of light from the different kinds of Freznel apparatus was
ascertained. It was a matter of simple calculation to compare the
quantity of light found in each instrument. The experiments of the
Trench optical Engineers gave results from which it followed that
a first order apparatus such as that represented, could be equalled in
actual quantity of light in a horizontal plane only by one hundred
and eight reflectors of the English type, and by that result he must
abide until it was shown to be fallacious by other experiments con-
ducted as scientifically as those made by the French. He wanted to
inpress upon all that he was merely taking the quantity of light,
without regard to its distribution. If this discussion should lead to
nothing else than to the institution in this country of some central
establishment connected with lighthouse illumination, sinular to that
at Paris, he felt it would have done great good. TUntil, however,
trustworthy experiments were made in this country, the results
obtained in France must be aceepted.

Mr. Repvax communicated, through the Secretary, the following
extracts from an article he had published many years ago on the
subject under discussion :—!

The Trinity House have from time to time paid considerable attention
to the subject of the different methods of producing light with the greatest
effect, and experiments have been made by the Corporation at various
periods : in 1827, some were made on the power and brilliancy of Sir David
Brewster’s lens, the result of which was an impression at that period, that
from the small divergence of the light exhibited by Dr. Brewster, it was
not so applicable to the purposes of Lighthouses as the common method of
Argand burners and reflectors. Various experiments have likewise been
made by the Trinity House to test the power of the Drummond light,
which for the strength of its flame is probably unequalled, but it has not
hitherto been practically made use of on account of its complexity. . . . .

“ A Committee of the Elder Brethren have visited the French light of Cor-
dovan. . . .. Experiments have likewise been made at the Trinity House,
on the strength and inteusity of oil gas; this gasis however more expensive
than spermaceti oil, and has only been used for one or two lecal harbour-
lights. Coal gas from the large quantity of fuel required for its produc-
tion, and the consequent cost of its transport, and also the uncertainty
entertained as to the safety of the light, has not been adopted except in a
few harbour lights, and even then in some cases has been abandoned. The
same remark may be made of the Dude light as of the Drummond, viz.,
that if the present objections to its adoption are once overcome, it is likely
to become a powerful auxiliary to the present system.

“In former years, and indeed until very receutly, beacon-lights were of
an uncertain and flickering nature, produced by open fires exhibited from
the summits of towers, either by the combustion of wood or coal. Many
of the existing towers were formerly lighted in this way, until the mode

1 Vide “ Remarks on the Lighthouse System -of Great Britain : including a
tabular description of the principal English Lights.” By J. B. Redman. [Tract
8vo., vol. ixxii.] London, 1843.
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was abandoned for that of a more stable and certain character. Candles
were the next improvement, which we find Smeaton introducing at the
Eddystone Lighthouse ; and the fact of his recommending them in prefer-
ence to oil-lamps, shows how little attention at that period had been paid
to the subject. The light produced by candles must have been of a faint
and varying character, and must have required constant attention in
snuffing the wicks; oil had, however, been introduced into Lighthouses
previous to the erection of the Eddystone.

“The introduction of Argand oil-lamps and reflectors was a great im-
provement, giving a steadier, more certain, and more brilliant light, besides
affording facilities for the introduction of distinctions between lights, by
making use of revolving frames. These lamps were first used about 1780,
at the celebrated French light of Cordovan, and soon after by the Trinity
Corporation. In Scotland reflectors were introduced in lieu of coal-lights
in 1786, and about the same period in Ireland; aud the plan shortly became
general.

“It is called the Catoptric system, from the fact that thelight from the
lamps is reflected and thrown forwards from the plated surfaces of the
reflectors, which possess the property of reflecting cylindric beams of light
in the direction of their axis, and parallel to the horizon. It results from
the figure, that although the reflectors are closely arranged on the sup-
porting frame, there are blank spaces between the beams of light, which
are only rendered luminous by aberration and divergence, This is of less
consequence in a revolving than in a fixed light, and it is the principal
fault of this system. To overcome this objection glass lenses were first
used in lighthouses, on tle south coast of England, about forty years
back. In this case the light is refracted instead of reflected, and projected
forward in a horizontal beam, the rays of light being refracted or bent
from their natural divergent course, and collected into a luminous belt.
These lenses were, however, soon abandoned ; for, from their imperfect
form, and the fact that the lens was formed of one piece of glass, it was of
great thickness, and absorbed a large amount of light, and was thus a less
perfect instrument than the reflector. To obviate this objection Buffon
proposed the grinding of the lens into steps, or concentric rings; but the
difficulty of forming a solid piece of glass to the requisite form, prevented
the formation of more than a few specimens of this lens. Condoreet first
proposed, in 1788, the constructing, in separate pieces, or as it has been
termed building of these lenses. Sir David Brewster also appears to have
done the same thing in 1811; and in 1822, Fresnel proposed the same
method, and, as it is generally supposed, without any previous knowledge
of the two former propositions; and to him belongs the merit of first
applying these lenses to the practical purposes of Lighthouses.

“T'he term ‘annular’ hasg been applied to them from their resemblance
to the annular rings of timber. The great advantage obtained from this
mode of building lenses is the ease with which a perfect figure ig obtained
for each zone,and the forming of a larger lens than could be procured from
a solid piece of glass, and the fact that it is also materially lessened in
thickness, The dioptric light is produced by a single powerful lamp
placed in the centre of a frame supporting the lenses, composed of from
one to four circular concentric wicks, according to the power of lamp
required. These lamps, from the more rapid combustion produced, are
supplied more quickly with oil than in the ordinary lamp, by its being
forced up and made constantly to overflow the wick, and a very tall
chimney-glass is made use of to wsure a rapid draught for so large a flame.
The divergence of light from the annular lens is much less than from the
parabolic reflector. These larger annular lenses are used for revolving
lights, horizontal prisms of the same section being made use of for a fixed

Downloaded from ftp.nowpublishers.com/jmipi/article-pdf/26/1867/507/2795848/imotp_1867_23171.pdf by guest on 10 September 2026



542 OPTICAL APPARATUS OF LIGHTHOUSES.

light, producing a belt of light equally brilliant in every point of the
horizon. A compound light, termed Cata-dioptric, was also introduced by
Fresnel, and is, as the name implies, a combination of the two former
systems, being produced as well by reflection as refraction, by means of a
series of mirrors arranged in circles above and below the frame supporting
the lenses, their diameters decreasing as their distances increase from the
focal centre. Cata-dioptric prisms are also used for this purpose; they
absorb a less quantity of light, and their property is from their optical
form to project horizontal rays by total reflection, from the diverging rays
falling on their inner surfaces.

“The great advantage of the French lights, as the above are generally
called, is the increased brilliancy and equality of effect in all azimuths.
They are divided into four orders or powers of light, which are regulated
by the relative diameter of frames and number of wicks to the lamp: in
those of the first order the interior radius or focal distance is three feet,
and the lamp has four wicks; in the others the radii proportionately
decrease, and the lamp by one wick to each order. This classification 1s
not intended as a distinction, but to denote the power and range of lights
according to the locality and the distance that they are required to be
seen. From the experiments that were made in 1832 and 1833 by the
Commissioners of Northern Lights, it appears that the light from one of
the large annular lenses used for revolving lights of the first order, was
equal to eight of the large reflectors used upon the Scotch coast, and the
consumption of oil seven to twelve in favour of the French plan, In the
introduction of the French lights into the United Kingdom, the following
facts are worthy of notice,—that although the French light is superior in
some respects to that used in England, there are circumstances which are
materially in favour of the latter plan. The superiority of the Dioptric
over the Catoptric consists in diffusing over the horizon an uniform belt of
light for fixed lights, by which means they may be observed at equal
distances from every point of the horizon, which cannot be obtained by
any practical arrangement of parabolic reflectors, nor is the characteristic
appearance of the fixed light changed by this method; in the revolving
light, however, it is worthy of attention, that from the less divergence of
the light in the dioptric plan, the characteristic appearance of the revolving
light so well known is materially altered, and the management of the
mechanical lampis rather uncertain—the French revolving lights from this
cause having at times been extinguished. In stationary lights, where the
whole circle is not illuminated, this objection does not hold good, as the
fountain lamp can then be introduced ; and even if the mechanical lamp
is used, from the greater simplicity of construction the lamp is of more
easy access, and the mischief sooner remedied ; but both in the revolving
and the fixed light there is this objection to the single lamp, that in the
event of its going out the navigation is completely deprived of the light ;
whereas the extinction of alampin the Catoptric light involves only a lesser
evil, viz., the reduction of brilliancy in the light. There is another pecu-
liarity attendant on the French light ; it is this, that from the fact that
there is so little divergence of light, the atmosphere below as well as above
the belt of light is completely obscure, and when the light is of a local
nature it might be approached so close as to be completely obscured.
Notwithstanding these objections, however, the French light has been
introduced in many instances in Great Britain, and is likewise being
adopted in other countries.”
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May 14, 1867.
JOHN FOWLER, President,
in the Chair. .

The discussion upon the Paper No. 1,180, “On Optical Appa-
ratus used in Lighthouses,” was continued throughout the evening,
to the exclusion of any other subject.
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