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Exuisirions.——Bketches in Burmah, Punjab, Himalayas, and Kash-
mir, by Captain H. H. Godwin Austen, r.r.a.s.; Sketches of the
Scenery, &c., on the Zambesi, by Thomas Baines, Esq., F.R.@.5.; Pho-
tographs of Ancient Hindoo Temples, by W, H. Purdon, Esq.,
F.R.G.8. ; Sonnenstern’s Map of Central America, &c., were exhibited.

The Papers read were :—

1, Sun Signals for the Use of Travellers (Hand Heliostat). 'By Franois
Garron, Esq., F.R.G.8,

A rapER was read by Mr, Galton in 1858 before the British Associa-
tion on the principle, explained by a rough wooden model, of the
instrument which is the subject of his present communication, but
which, in the interim, has been considerably modified and improved.
Many matters connected with its use and application have been more
thoroughly worked out. The following is an abstract of that part
of the paper which bears more immediately on the construction of
the hand heliostat. Instruments made for the author by Messrs.
Troughton and Simms, were laid on the table.

The principle of the instrument may be shortly recapitulated ag
follows :—The fact is a well known one, that if a looking glass be
held in such a manner that a distant observer can see a portion of
the sun’s disc reflected in it, it assumes the appearance of a brilliant
star, and can be seen at extraordinary distances. Many endeavours
have been made, with various success, to utilise this remarkable
power for the purpose of telegraphs,—the signals being distinguished
by different combinations of flashes,—but no instrument has hitherto
been contrived that admits of being carried on the person, held in
the hand, and used at will. From experiments detailed by the
author, it appears that a mirror whose rays are obstructed by a
screen having an aperture of only 4 of an inch in the side, is
vigible to the naked eye at a distance of ten miles, if the background
be dull and the air perfectly clear. Tn other words, a mirror is
visible, under those circumstances, if its effective area is a square
whose sides subtend one tenth of a second of a degree in angular
measurement. But, in practice, some allowance has usually to he
made for the opacity of the air traversed by the rays, and a simple
formula helps us to collate experiments, made under different
circumstances of distance and fine weather. Tt is necessary in each
particular case to make the best estimate possible of the extreme
distance which any reflected solar rays could possibly traverse;
call this d (the distance at which high lands cease to be visible at
the time of experiment gives a good clue towards estimating ). Let
x, loss than d, be the distance of the signaller.. Then, on a perfectly
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clear day, tho side of the effective area of the mirror must subtend

r . sin, L; but, on a hazy one, x . sin. L \/_i
10 10 d—z
In most cases, » still further increase of sizo becomes necessary,
becanse the landscape that forms a background to the station of the
sigmaller, when seen through a mass of luminous haze, ceases to be
of its natural dull colour, and may assume an appearance, nearly as
bright as that of the sky itself. ,

The degree of brilliancy of the sun above head; has not much
influonce on the visibility of the flash—for the brighter the day, the
moro luminous the landscape, and the contrast between the flash
and the surrounding tints is but little affected.

1t follows from all this,—though we have no space in this abstract
to enter into the details,—-that a mirror of a fow square inches in size,
oven thongh considerably inclined, is amply sufficient not only to
be seen for distances far exceeding those ever used in ordinary
telegraphy, but, also, to attract attention through the brilliancy of
its flashes, whenever the high land, distant ship, &c., where the
signaller may be standing, is itself, even dimly, visible.

The difficulty is to direct the flash aright, for, as the rays of the
sun aro reflected from a mirror in a cone precisely similar to that
which reaches it, the mirror itself (whose size may be disregarded)
being tho apex of the cone and the sun’s disc its base, it follows
that, to the signaller, whose eye is near the mirror, the place
where the cono of reflected rays falls on the distant landscape would
always appear to him as a disc of simply the same shape and size
as tho sun itself. In the anthor’s heliostat, an image of the sun is
produced, which precisely overlays the area on which the flash of
the mirror falls. It is contrived on the following principle. Fig. 1
is & tube with a lens across one of its ends to whose true solar focus
a seroen of white paper, F, is adjusted; a mirror, M, turns on an
axle attached to the tube, which allows it movement in one
direction, while the rotation of the entire instrument in the hand
gives movement in tho other. When the mirror is so adjusted that
the reflected (parallel) rays from any one point of the sun’s disc
impinge on the lens, they are brought by its. means to a focus on
the screen, and form a minute speck of light. Rays radiate from
this in all directions, and those that strike the lower end of the
lens are reduced, by its means, back again to parallelism with the
rays that originally left the mirror. Consequently an eye, looking
down the tube, sees a bright speck of light on the lens, which it
refers to the same distant point, p, in the landscape seen to the side
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of it, as that to which the unobstructed rays from the mirror are
being flashed. If a telescope be used, the yvhite_ spot actually
appears to overlay the distant point. Now wha..t is true for any
one point in the sun’s disc is true for every »pomt:.therefore the
signaller sees a luminous disc, and not a mere point, in the field of
view of the instrument, and this exactly overlays the locus of the
flash. By gently rotating the hand, the image can be made to cover
or to forsake any given object that may be desired, and, when that
is done, the rays of the mirror will produce an appearance of flashes,
as seen from that object. : .

Very small instruments, of great efficiency, can be made as in
Fig. 2. Their tubes should pull out to not less than 4 inches, or it
will be difficult to make signals when the sun is low and behind
the back, on account of the shadow of the head.

Inches

A much more perfect instrument is shown in Fig. 8, (Fig. 4is a
section of Fig. 3 through cc.) The lower tube B is a plain tul.)e,
and simply used as a * finder;” the upper tube, 4, is a theo@o'lee
telescope, and affords means of signalling with the utmost precision.
When the sun’s image covers the distant station at the time that
the latter is seen at x in the plain tube, then, on locking through
the telescope above it, the sun’s image will be found to o.verlay the
object, whenever the latter is brought into the field of view. The
adjustment, by which this result is ensured, is by d{'ﬂhng the eye
hole of the plain tube so that a line passing through it and t}lrough
x shall be parallel to the axis of the telescope. By pushing the
slide, s, backwards or forwards, the quantity of light that can reach
the lens is regulated at will, and the imagé of the sun can be
toned down to any required shade. A little practice with the
instrument makes it exceedingly easy to bring the image of the sun
on to the field of view in the first instance. It is done by grasping
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the instrument with the left hand across its middle in such a way
as to leave a finger and thumb free to move the mirror. Next,
holding the right hand, as a screen, against the end of the instru~
wment, the latter is raised nearly to the eye and directed as Justly as
possible towards the object aimed at. ‘I'hon, rotating the whole
instrument with the hand and moving the mirrer backwards and for-
wards with the fingers, the flash is watched, until it is scon to fall
upon the paln of the right hand. Finally, the instrument is rotated

_carefully, and the mirror gently moved, until the flash falls as fall

and fairly on the hand as it is possible to direct it: when this is the
ease, on raising the tubo to the cye, the image of the sun is almost
sure to be caught on its field. Tho instrument is fully as easy to
work with as a sextant. Without stirring the mirror, there is power
of tlashing to any desired point within a large area, by slightly
rotating the instrument and following the image ; also by making
contact in different parts of the field of view. Lapid, passing flashes
are barely visible, for the mirror must be held steadily during an
appreciable time in order to be seen to full advantage.

The heliostat can be mounted on a rest, which may screw at
will, cither into any piece of wood or into the top of a photograph
tripod stand, as shown in Fig. 4. For long continued signalling,
a stand s undoubtedly convenient. 1 gives ample rotatory
movement; T allows a sufficiont movement in altitude, and z
complete movement in azimuth. No counterpoises are needed for
an instrument of ordinary size. The looking glass used for the
mirror must have its sides truly parallel. It may have a narrow
rim of silvering removed all the way from round its edge, and be
cemented on to the top of a shallow glass tray. In this way the
silvering is hermotically sealed from danger; and if the common
diamond cement be employed, no heat or ill usage can separate them.

The instrument may bo used simply to attract attention at great
distances or to convey a few simple signals, as single flashes for
affirmation, doublets for negation, and so forth : for this purpose the
small instrument Tig. 2 would fully suffice, or lotters and words
can be signalled by adopling the well-known notation of Morse’s
olectrio tolegraph. It is necessary, before beginning, to have some
vaguo general idea where the intended correspondent is situated,
then to sweep the distant landscape with the flash, and await his
answer. As soon as this has been made, communication can be
carried on as long as may be desived. A long line of horizon ean
be swept, backwards and forwards, with perfect ease, and it is found
to be just as easy to attract the attention of a correspondent, whose
position is unknown, to 5 or 10 degrees, as when it has been ascer-
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