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PREFACHE.

~ The present Volume of the Account of the Operations of the Great Trigonometrical Survey of India, brings to a
close the description of the Electro-Telegraphic Operations for the determination of Differential Longitudes undertaken
by this Survey.

The account of previous work in this direction will be found in Volumes IX and X of the same series; the present
volume is chiefly a continuation of these, but it is also in part a revision in consequence of some improvements in the
methods of computing instrumental corrections, which the reader will find detailed in Part III.

The volume is divided into four parts. Part I contains six chapters descriptive of the instrumental equipment
and electrical apparatus, the method of observing transits, the arrangement of the observatories, the details of the
measurement of personal equation, an explanation of the computations as arranged in tabular form, and many other
similar matters, by a study of which it is hoped that the reader may be placed in a position to follow for himself the
observations contained in the book. These introductory chapters are to a great extent the same as those of Volumes IX
and X, only such changes and corrections having been made in them as were required to bring them up to the standard
of the most recent practice.

Part II contains in tabular form the computations of the arcs measured during the seasons 1885-86, 1887-88,
1889-90 and 1891-92: they are as follows :—

In Season 1885-86. In Season 1887-88. In Season 1889-90. In Season 1891-92.
Agra-Mooltan. Madras-Bangalore. Agra~Mooltan (revision). Calcutta—Waltair.
Deesa-Mooltan. Bangalore-Nagarkoil. Agra-Kurrachee. Waltair-Jubbulpore.
Agra—Amritsar. Madras-Nagarkoil. Agra-Kalianpur. Waltair~Madras.
Anmritsar-Mooltan. Nagarkoil-Mangalore. Kalianpur-Bombay. Waltair-Bolarum.
Mooltan-Kurrachee. Madras-Mangalore. Jubbulpore-Kalianpur. Bolarum-Bombay (revision).
Peshawar-Mooltan. Bellary-Mangalore. Mooltan-Quetta. Fyzabad-Dehra Dun.
Amritsar-Peshawar. Mangalore-Bombay. Kurrachee-Quetta.

Dehra Dun-Amritsar.
Dehra Dun-Agra.

Experime/ntal arc at Dehra Dun.

The last of the arcs of season 1885-86, in which both transit instruments were placed on the same meridian, and
closely contiguous to each other, was undertaken with the view of investigating the causes of certain instrumental errors
which are discussed in Part III.

Part III contains two chapters explanatory of the reasons which led to certain improvements in the methods of
computing instrumental corrections, and describes some experiments which were made on the collimation of the
two transit instruments employed. These experiments have brought out the interesting fact that the circuit-errors which
had previously led to much discussion, as well as to some dissatisfaction, were in all probability due to imperfections in
the object-glasses of the collimators. However, a method of calculating the collimation-constant so as to eliminate the
effect of this imperfection has been adopted, and no uneasiness as to its vitiating the results need be entertained. This
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part also contains the ares given in Volumes IX and X recomputed on this method, but only in an abridged form, as it was con-
sidered superfluous to reprint all the details of each star observed. The reprint contains therefore only the re-determination
of the collimation and level-constants, and the results of each arc in the several pivot positions, with its concluded value.

In Part IV will be found the details of the simultaneous reduction of all the circuits formed by the arcs of longi- |
tude measured in India, the process of reduction is explained in Chapter I. The work is for the most part exhibited in
tabular form, and the chapter concludes with a table giving in a synoptical form a list of the finally adopted astronomical
values of all the Indian arcs, and a comparison with their geodetic values. The two arcs Bombay-Aden and Aden-Suez,
though not forming part of any triangular circuit, nor entering into the final reduction, are of importance as forming two
of the connecting links between Greenwich and Kalianpur, and they have consequently been recomputed on the same
system. The comparison of the geodetic and astronomical values of the arcs, as exhibited in this last table, is very in-
teresting, but this is not the place to enter into any elaborate discussion on the evidence thus given of the necessity of
corrections to the accepted elements of the terrestrial spheroid. Chapter II of this Part contains a few remarks and rough
calculations on the general tendency of the evidence.

As the simultaneous reduction is not a work of any great labour, it was intended originally to embrace the whole of
Burma, and as much as possible of Baluchistan, and even Persia in the scheme. Unlike the simultaneous reduction of the whole
principal triangulation of India, which would have been too vast a work to cope with, and which was consequently divided

~ into five main figures to render it at all manageable, there is no difficulty in combining all the arcs hitherto measured,

and many more_ if necessary, into one operation. It has been hcwever considered advisable that for a time such
purely scientific investigations as those described in this volume should give way to more directly remunerative work,
and as it seemed uncertain how long they might remain in abeyance, it was decided to complete at once the reduction of
all such data as were available, rather than postpone it indefinitely, until the original scheme had been fully worked
out. Although the introduction of every additional arc would theoretically have some effect on the final corrections of
those included in the present reduction, such effect would be insignificant, and would scarcgly justify any further delay in
the computation and publication of the final results.

At the end of the Volume are Appendices containing the calculations necessary for deducing the geodetic positions
of the stations in Part II, at which the observations have been made, by means of triangulation laid out for that purpose;
also a short discussion on armature-time, and the velocity of transmission of electric signals along a telegraph-wire. As one
of the chief objects of these measurements of differential longitudes is a rectification of the elements of the terrestrial
spheroid by a comparison of the values of the several arcs as determined (1) geodetically, and (2) astronomically, it
follows that the geodetic positions of the terminal stations of the arcs must be above suspicion. A perfectly reliable
triangulation connecting these stations with the principal system has been in all cases easily effected, and its errors may,
for all purposes of the longitude operations, be considered rejectaneous.

The origin of longitudes for the Indian Survey is the Kalianpur* Hill Station, the value for this being taken
at 77° 41’ 44”*75. 'This has long been known to be considerably in eiror, but for reasons which need not here be
entered into, it has not been deemed advisable to make any change therein as yet. It was originally obtained by trian-
gulation from the Madras Observatory, the longitude of the latter place being assumed to be 80° 17’ 21”.

Now that telegraphic communication between Greenwich and Kalianpur is completed, the most direct way of
obtaining the longitude of the latter independently of triangulation is as follows :—

Longitude of Mokattam o 3? 16 3 31-1601'

Increase for Suez 1 16 43°95t
2 Aden 12 25 42°20
9 Bombay e 27 50 0°33
s Kalianpur 4 50 21°75

Longitude of Kalianpur 77 39 21°83

* This is not the Kalisnpur Observatory, which stands 4G feet further to the west.
+ These values were supplied by the late Sir G, Airy from observations taken in: connection with tho transit of Venus in 1874.
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The value thus obtained is, up to the present time, the most direct and trustworthy, and is not likely to be much
improved. It differs, however, considerably from the value adopted in the Indian graticule as given above, partly
because the triangulation connecting Madras and Kalianpur was not of very high excellence, but chiefly becaunse the longitude
of the Madras Observatory had been determined without the aid of the telegraph, and depended solely on observations
of the eclipses of Jupiter’s satellites, and moon-culminating stars—methods which are admittedly far inferior in precision to
that afforded by the electric-telegraph. The longitude of the Madras Observatory has been mixed up with the subject of
Indian longitudes in a way which is likely to produce false ideas on this point, and it should be borne in mind that it has no
more to do with the longitude of Kalianpur, the true origin of Indian geodesy, than any other station in India; it was
introduced originally by Colonel Everest as being the only place in this country where observations of absolute longitude
with regard to Greenwich had been made. It would be better that it should be entirely left out of any discussion on this
question in future. Its longitude, if at any time required, may be deduced as follows :—

[+] 4 4
Longitude of Bombay as above 72 49 - 0°08
Increase for Bolarum 5 42 12°02
s Madras 1 43 39°23
Longitude of Madras Observatory* ... 80 14 51°33

All the longitudes above given are observed differences of time (reduced to arc) as deduced by means of the telegraph ;
they are guite independent of the elements of the terrestrial spheroid, but are not cleared from the effects of any local attrac-
tion existing at any of the stations of observation. '

In previous volumes the correction to the original value of longitude of Kalianpur has been assumed as — 2" 30
the investigations of the present volume show it to be — 2’ 22”°92; but it would even now be somewhat premature to
say definitely that this correction may be taken as final. For further information on this subjeet the reader is referred to
Chapters X and XI of VolumeII.

The whole network of longitude arcs measured and reduced in India, up to the time of publication of this volume,
embraces 55 arcs varying in length from 148 miles to 695 miles,t connecting 25 stations, the differences of longitude ranging
between 1 second and 44 minutes. The difference of longitude between the most eastern station, Moulmein, and the most
western, Quetta, is 2" 2™ 27*-61 corresponding to a distance of about 2055 miles; and the difference of latitude between
Peshawar the most northern and Nagarkoil the most southern station, is 25° 50°, which corresponds to a distance
of about 1815 miles. The distribution of the various stations is shown in Plate V at the end of the volume. There are
two other arcs of inferior importance, not shown in the plate, which do not form part of the main network, viz., Vizaga-
patam-Madras and Vizagapatam-Bellary, the station at Vizagapatam having been superseded by one at the neighbouring
Cantonment of Waltair.

Operations for determining differences of longitude, undertaken in the United States and Europe, and similar in
scope and general principles to those described in this volume, appear to be liable to errors of about the same magnitude, '
The accuracy now attained is such that, though not quite equal to that of the latitude observations, it is yet quite sufficient
to afford valuable evidence as to the trustworthiness of the adopted data for the elements of the earth’s figure, and the
direction and amount of change that may hereafter have to be made in them.

The average correction made to each of the arcs by the simultaneous reduction in Part IV is o**017 (= 0”*26)
corresponding in Indian latitudes to a distance of about 25 feet. The probable error of a determination of latitude
is only 0”-04, but it should be remembered in making this comparison that there is no check upon the latitudes, such as
is furnished by the circuit equations in the case of the longitudes. If the probable error of an arc of longitude be
determined from the residuals only, as is done in the case of latitude, it is reduced to about 15 feet; it is not claimed

* The exact point of the Madras Observatory referred to is the centre of the present Meridian Circle, which is believed to be 13 feet east and 6 feet
morth of Colonel Lambton’s origin, vide note attached to page XIV_g of Volume XIII of the dccount of the Operations, &c.
+ These are the direct distances between the stations; the distances measured along the telegraphic lines, which in many cases are somewhat

eircuitous, may be considerably greater. The longest line of wire used is between Waltair and Jubbulpore a distance of 1176 miles, for which one inter-
mediate translating relay was found indispensable,

[ T ol
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that the work is reliable within this narrow limit, but the fact is merely mentioned to show that the test applied to the
former is, by reason of the circuit equations, in reality more severe than that applied to the latter. The reader will find
2 discussion on the probable errors and weights of the several arcs in Part IV,

It may be advisable here to state, that the elements used throughout the computations of the Great Trigono-
metrical Survey of India are those commonly known as “Everest’s Constents, 1st set”’; and although more recent
determinations of their values have been available of late years, it was obviously impossible, as well as undesirable, to
revise and correct the whole of the enormous mass of computations, that have accumulated from time to time, in accordance
with the more modern values of the elements, more especially as even now they cannot be considered as finally settled.

If the reader will refer to Volume II, Chapter X, he will find much interesting information on this point. The
data for a re-determination of the earth’s figure, since that chapter was written, have been vastly augmented. The principal
triangulation and its final reduction are now complete, and the same is true of all the arcs of longitude measured up to
the date of the publication of this volume. There remain however still a good many blanks in the scheme drawn up for
observation of latitudes, but these are being gradually filled up, and the progress is likely to be more rapid, now that the
officers lately employed on longitude observations are available for the former work,

The measurements recorded in Part II of this volume were made by Major (now Colonel) G. Strahan, ®.x., Major
(now Colonel) W. J. Heaviside, r.E., Captain S. G. Burrard, r.e., and Lieut. G. P. Lenox-Conyngham, r.e. The various com-
putations have also been carried out by these officers. The descriptive chapters in Part I were written by Captain Burrard,
on the basis of the first six Chapters in Volume IX, which were due to Lieut.-Colonel W. M. Campbell, .e. For the des-
criptive chapter of Part III, and the superintendence of the recomputation of the arcs contained therein, and also for Part
IV, I am solely responsible. I am much indebted to Babu Cally Mohun Ghose, whose previous experience in work of this
nature was of great value, for assistance rendered in the simultaneous reduction ; and also to Mr. Peychers who has passed

the work through the press. The index chart at the beginning and the plates at the end of the volume were engraved
in the Head-Quarters Office of the Survey of India Department in Calcutta.

I have much gratification in placing on record here my thanks for the ready co-operation of the Telegraph De-
partment in this work. It was commenced in 1875, and has been carried on intermittently up to the present time, and
on no single occasion has there been any friction between the officers of the two departments. Ready and willing aid
has always been rendered to the Survey Officers by the Director General of Telegraphs and the officers of his department,

without which it would have been impossible ever to have secured this valuable collection of data for the furtherance
of geodetic investigation.

G. STRAHAN, Coronryr, R.E.,
Deputy Surveyor General,

April, 1893.

In charge Trigonometrical Surveys.
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CHAPTER 1.

DESCRIPTION OF THE INSTRUMENTAL EQUIPMENT.

1.
Equipment.

The Instrumental Equipment was the same with some trifling exceptions as that described in
Volume IX of the Account of the Operations of the Great Trigonometrical Survey of India, but for
the sake of convenience the description as there given is now repeated with the necessary alterations.

The Transit Telescopes.

The Transit- Telescopes are: by Messrs. T. Cooke and Sons, of York, sister instruments of nearly
identical dimensions: they are marked No. 1, and No. 2. One of these is shown in Plate I in position
for the observation of the reflection of the wires in the mercury trough. The focal length isslightly over &
feet, and diameter of object-glass the whole of which is effective is 5 inches. There are two wire diaphragms,
one.of which carries a single vertical, and a pair of horizontal wires—about 1’ apart—crossing the centre of
thefleld ; and theother a set of 25 vertical wires, arranged in groups of 5 each, for the observation of transits.
The latter diaphragm is worked by a micrometer-screw, and the former may be called fixed, although
there is provision for adjusting its position as required. The twenty-five vertical wires were conveniently
named 4, B, &c., to Y, the central one being M : their mean distance apart is about 36”-6=2-44 equatorial
seconds, and: the groups are separated by double intervals. The micrometerhead (which is hidden in
Plate L by the lamp.stand).is-comprised of two plates, one graduated:te show revolutions, and the-other
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to indicate divisions, of which there are one hundred in the revolution : the two plates are connected by a
set of toothed wheels. The value of a revolution was found to be almost identical in the two instru-
ments, viz., 1* = 33”°75. The micrometer head is protected by a cap, which, being screwed on after
setting to a particular reading, insures it against being accidentally moved, and there is a small window
of talc through which the setting can be inspected, lest it should have been disturbed in applying the
cap, which is not an unlikely contingency. This setting is of great importance, as upon it the collimation
of the telescope depends. A screw (which is also hidden in Plate I) is provided for moving the eye-piece
rapidly across the vertical wires during observations, so that the star may be kept close to the centre of
the field. The set of eye-pieces comprises direct eye-pieces of various powers, with prisms for oblique
use, and a Bohnenberger eye-piece, 4, Plate I, for use with the mercury trough. The latter eye-piece
has been invariably used for all work, including star transits, its shape being convenient for the observa-
tion, in a sitting posture, of stars close to the zenith.

Two kinds of wire illumination are provided :—1s¢, the ordinary dark wires in a bright field ; and
2nd, bright wires in a dark field, the arrangement being as follows :—A lamp is placed opposite one end
of the transit axis, which is perforated and fitted with a lens, whence that end is designated the ¢ Illu-
minated Pivot”, a term constantly used to define the position of the instrument. When observing, a
second lamp, though not required, is always placed opposite the other end of the axis to neutralise any
effects of heating on the instrumental adjustment ; see Plate I. In the centre of the axisthereisa light
plate, revolving on an axis at right angles to both telescopic (optical) and transit axes, (cut out in the
centre so as not to interfere with rays from the object-glass) and capable of being moved through an
angle of 45° by a rod passing along inside the tube of the telescope with a handle projecting close to the
eye-piece. In the centre of the opening in this plate, and therefore at the intersection of the optical and
transit axes of the telescope, a small silver reflector is placed at the end of a fine supporting arm.
‘When the plate is inclined at 45° to the transit axis, the light from the illuminating lamp is reflected
directly on to the wires by this small reflector, and the result is a bright field with dark wires. When
the plate is turned so that its plane coincides with the transit axis, the light of the illuminating lamp is
intercepted by a set of four mirrors which are attached to the plate, and reflected towards the eye-piece,
between the telescope tube and an inner tube provided for the purpose; these four sets of rays con-
verge slightly, so as to strike upon four prisms which are attached to the frame carrying the wire dia-
phragm, two on each side of the telescope, slightly above the plane of the wires. The latter prisms
again reflect the light at right angles, so that the rays are brought nearly into the plane of the wires which
thus beeome illuminated by the light from the prisms on each side, the field remaining dark. Both
kinds of illumination are fairly satisfactory.

There are two setting circles, B, B, attached to the tube of the telescope, one on each side near the
eye-end, each 7} inches in diameter : they are graduated to 20 minutes, with verniers reading to 1 minute,
and each is provided with a coarse level. These circles are not permanently fixed to the telescope tube,
but can be turned round and clamped in any position, which admits of a change of adjustment for setting
by declinations direct, or by zenith distances, &c., when the instrument is set up for use at a new station.
There is no provision for clamping the telescope when set.

The object-glass is fixed in its cell, so as to be pinched at three pomts only; and the cell, instead
of being screwed into the telescope tube, has close contact with it only at three equidistant points where
it is attached by screws, an arrangement which admits of the object-glass (complete in its cell) being put
on in three different positions.

The frame of the telescope consists of three principal pieces, viz., the axis, C, the object-balf, D,
and the eye-half, E, which pack separately for travelling. The shape of the axis is a central cube of 9}
inches side, supported by conic frusta of 94 inches axial length, and 9% inches in diameter at their junction
with the cube, tapering to 8 inches diameter, and terminated by enlarged cylindrical shoulders, 3% inches
diameter and 2} inches wide, into which the steel pivots are fixed, the axis having been shrunk on to
them. The pivots are 1'9 inches diameter, perforated by an opening 09 inch diameter, and they pro-
ject 1'9 inches from the axis shoulders. The total length of axis is thus 373 inches, while its length from
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shoulder to shoulder is 335 inches: the thickness of the metal is about 0-37 inch throughout the cube
and cones which were cast in one piece, the cube being strengthened by internal ribs. The conical parts
were turned both inside and out to ensure as perfect symmetry as possible. The weight of the axis is
about 66 Ibs. Of the four faces of the cube parallel to the axis, one pair are perforated by openings of
8% inches diameter, to allow of inter-collimator observations while the transit telescope is in position.
These openings can be closed with caps, ¥, Plate I, and they are crossed by spokes which support the
illuminating plate already described. In the other pair of faces openings of 68 inches diameter are cut
for the attachment of the telescope half-tubes.

The two halves of the telescope are each attached to the axis by 12 powerful steel bolts,
which pass through a flange at the base of each tube, G, @G, Plate I, } inch thick and projecting 0°7 inch,
and screw into the metal of the cube. Each tube is further steadied by its flange fitting into a sunken
annulus cut in the face of the cube. The two half-tubesare quite plain, except that about 1} inches from
the base of each, brackets, H, H, Plate I, are cast upon them to support levels, which for reasons given
in Vol. IX have not been used. The object-half is about 2 feet 8% inches long from its base to the outer
surface of the object-glass, and weighs (with dew cap but without levels) 32 tbs. The dew cap, K, is 6
inches long, increasing the length of the object-half of the telescope to 3 feet 24 inches, or 3 feet 7 inches
from the (transit) axis of rotation to the end of the dew cap.

The eye-half tube is only 1 foot 102 inches long from its base to where it is cut off for the attach-
ment, by four brass screws, of the “eye-end”, Z. The eye-end is composed of two concentric tubes to
allow of the focussing adjustment which is performed by two opposing screws acting on a stud, M; it
is 6 inches long measured to the plane of the wires, 3% inches diameter, and weighs 6 ths. The weight
of the eye-half altogether (without levels) is 40 Ibs. The total weight of the telescope proper is thus
65432+40=137 1bs.

The pivots formerly rested on nearly semi-cylindrical bearings, N, of gun-metal, of the samelength
and diameter as themselves, but cut away in the lower part so that there was contact only on two ares of
about 60° each. The under surface of these bearings was spherical, and exactly fitted the upper surface
of the beds, P, P’, on which they rested, and to which they were loosely attached by a bolt passing through
a slotted hole; so that the whole formed a universal joint, which allowed the bearings to adjust themselves
under the weight of the telescope, and insured the equal bearing of the pivots throughout their length.
These were found in practice to be unreliable and were exchanged in 1885 for rigid V-shaped bearings
of gun-metal. These new bearings are cast in one piece with their beds, P, P’, and rest on foundation
plates of iron, Q, Q, which lastly are placed on the masonry piers, R, R. Each foundation plate, @, rests on
three feet, projecting very slightly below its lower surface. One pivot bed, P, has three foot-screws by
which the level of the transit axis is adjusted, and the other, P’, has a provision, §, for the adjustment in
azimuth. The pivots are protected from dust by well fitting caps, 7', 7. The weight of each pivot-bed
with foundation plate is about 40 Ibs., thus bringing up the total weight of the telescope complete to
1374-80=217 1bs.

3.

Adjusting Telescope and Collimators.

Each transit telescope is provided with a small, light telescope of 9 or 10 inches focal length, sup-
ported by an axis of the same length as that of the large telescope, the object of which is to facilitate
the adjustment of the collimators to their proper places before the transit telescope is put in position
This small telescope has a level attached, so that the bearings of the transit telescope can also be approxi-
mately levelled before placing the large teleqcope upon them.

With each transit telescope is a pair of collimators, each having an object-glass of 2% inches
diameter and 24 inches focal length. One of each pair is furnished with a micrometer in the eye-piece
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for measuring horizontal displacements; the other rests on circular bearings on which it can be turned
round its optical axis. A peculiar feature about the collimators is the following arrangement, designed
to prevent lateral disturbance owing to change of temperature. The instrument is really supported
on only two legs uuder its axis, while it is merely steadied by a third leg projecting to one side, and
attached to the instrument by a hinge allowing of motion in a horizontal plane. Of the two legs
under the axis, one rests on its bed in a fixed position, while the other is allowed to move freely in the
line of the axis; the foot of the third leg is allowed play on its bed in any direction. Thus when a
movement of the feet is rendered necessary, by a change of the dimensions of the instrument relatively
to its supporting pillar owing to a change of temperature, it is assumed that it will take place in the
line of the axis. If the instrument rested as usual on three feet equally, the direction of such a
movement would altogether depend on the friction between the feet and the pillar. The idea is an
ingenious one, and the stability of both collimators even under extreme variations of temperature has
been found most satisfactory, a result which may fairly be supposed to be due, at all events in part, to
this construction.

4.

The Chronographs.

The chronographs were made by Messrs Eichens and Hardy of Paris, the latter taking charge
of the electrical arrangements: they are exactly alike, marked by the makers 4 and B, and one is shown
in perspective in Plate II, to which all the references in the following description apply.

The instrument may be said to consist of three parts, all supported by a rectangular foundation
plate of iron furnished with three foot-screws for levelling :—

1st. The clock work, A, for driving and regulating ;
2nd. The revolving drum, B, carrying the paper on which the record is impressed :
3rd. The table, and carriage, C, carrying the recording pens.

The regulator is of a novel construction designed by M. Foucault. It consists of a pair of go-
vernor balls, D, D, connected by a train of toothed wheels with a small fan revolving on a vertical spindle
(at the rate of about 30 revolutions per second) inside a fixed cylinder in the circumference of which
little windows are cut for the passage of air. An outer cylinder, E, with a corresponding set of windows,
fits closely over the fixed one, and is connected with the governor balls in such a way by a rod, F, F,
that, as the latter rise owing to an increase of speed, the outer windows come into coincidence with the
inner and allow the air to pass through, whereby the resistance offered to the fan is increased and the rate of
the machine checked. The two instruments present a curious difference in the action of this regulator,
the cause of which could not be traced by the maker himself. In one, B, the outer fan-cylinder never
rests for an instant, but maintains a constant state of oscillation, while in the other, 4, it preserves one
position pretty steadily for a while, and then shifts to another.

The governor balls revolve on a vertical spindle which rests on a lower cup-bearing just below
Q—hidden in Plate IT by the driving wheels—and works in an upper bearing in the bar, 777, where a cup
with covering cap is provided for oil. The bar, 7, screws on to the upright pillars, X, X.

The connection of the governor with the outer fan-cylinder is effected by the light rod, 7, in the
following manner :—An upright arm, G, is mounted on pivots, which are hidden in Plate IT by the drum
of the driving weight, and carries counterpoises—also hidden—which press its upper end towards the
governor. The upper end is forked, and between the members of the fork the rod, 7, is pivoted.
Another rod, H, is similarly pivoted, and extends to the upright spindle of the governor, where it carries
a round headed adjustable pin, 7, which works in a collar fitting round the spindle, and attached to the
governor balls so that it revolves with them, and moves up or down the spindle according as the balls



Onur. 1] INSTRUMENTAL EQUIPMENT. i

rise or fall with the increase or decrease of speed. In the middle of H at J there is an adjustable pin
which fits into a hole in the end of a yoke, K, thus affording a movable joint at J. K is itself pivoted
on the fixed frame-work, M, at its other end, and affords a tie to the rod, H, of such a nature, that so long
as the joint at J does not rise or fall, the arm, G, must maintain a constant position.

The outer fan-cylinder, E, is hung on a bearing above it—exactly over the vertical spindle of the
fan—by an open frame-work, attached to which is a small projecting horizontal tongue, L, the position
of which is adjustable. The rod, 7, rests on Z and has a small pin which fits loosely in a hole in Z, and
thus provides a movable joint between the two. Now if the governor balls fly out owing to increase of
speed, the collar with the pin, 7, and consequently also the pin at J, must rise, and the upper end of G
will be brought forward towards the fan-cylinder carrying with it the rod, ¥, which thus by its action on
L causes the cylinder to revolve. L can be adjusted until the best position of the windows in the outer
cylinder relatively to those in the internal fixed cylinder has been secured.

The rod, H, is continued beyond G, and carries at its extremity a counterpoise, 2V, which can be
screwed along H—through a small range—and clamped wherever desired, thus affording a means of
regulating the rate of the instrument, that js to say, its mean rate as distinguished from the uniformity
of rate, the regulation of which is effected by the governor and fan. The mean rate will increase as the
position of Nis shifted towards the governor, and vice versd; for the nearer IV is to the pin, 7, the less will
be the pressure of the latter upwards against the collar, and therefore the greater must be the rate of revolu-
tion of the governor to cause the balls to rise. The collar is fixed to the lower end of a cylinder, which
fits round the spindle and runs over it on two sets of friction rollers, O, O, between which the jointed
arms, Y, Y, are attached, connecting the cylinder with the balls, D, D. On the spindle are clamped two
stops, P, P, to limit therange of the cylinder—and therefore of the balls and collar ; and when the instru-
ment is going properly the cylinder must always oscillate between these stops without touching either.
This condition is ensured by varying the amount of the driving weight which is composed of separate
discs of lead, while the consequent rate of revolution is,regulated by the counterpoise, V.

The motion of the governor is communicated to the fan by a chain of toothed wheels as follows : —
At Q there is an enlarged toothed surface on the spindle which gears on one side with the last driving
wheel, B, and on the other with a small toothed wheel, §, revolving in a horizontal plane. Just below S,
on the same axis—to which it is firmly but not rigidly connected—is an exact duplicate of § (hidden
in Plate IT) which runs free of @ owing to its lower level, and gears on the other side with 7) a set
of teeth on the spindle of the next toothed wheel, . The teeth, 7, are on a lower level than the upper
wheel, §. Lastly the wheel, U, gears with a set of teeth on the spindle of the fan, the lower bearing of
which is at 7. The object of the duplicate wheel, S, is to save the machinery from a dangerous jar in
case of sudden stoppage, such as would occur if the cord of the driving weight were to break. As has
been stated a slight relative movement of the two members of § round their common axis is allowed
for, which is regulated by a stiff spring so as to break the jerk.

The lower bearing, 7, of the fan-spindle requires careful adjustment which, however, when once
obtained may be looked upon as permanent, unless intentionally disturbed. It consists of a conical cup
bearing, with a relieving capstan-headed screw under the point of the spindle, which can be raised or
lowered with reference to 7, while the whole bearing can also be raised or lowered, and clamped by screw
nuts. Its position should be such, that vertical shake of the spindle is just perceptible to the touch : the
least jam preventing such shake will stop the instrument instantly. 'When proper adjustment of all
the parts has been secured, the great secret to ensure a good rate is oil—plenty of oil on all the bearing
surface where there is friction under rapid motion. The lower bearings of all the vertical spindles
should be plentifully supplied, and as they are all cup-shaped the supply remains pretty constant:
their upper bearings also require occasional touching. But the most important point is the contact
between the pin, Z, and its collar, where from its situation the oil will not remain long. In nineteen
cases out of twenty, when the rate of the instrument decreases, a drop of oil between the pin and the
collar is sufficient to set it right again. Occasionally the fan makes a screeching noise, when the rate will
at once fall off : this is a sign that a touch of oil is wanted on the upper bearing of the fan-spindle.
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‘When packing the instrument for travelling, the system of arms, F, G, H, are removed in one piece
by loosening one of the pivots on which G works ; the yoke, K, and the fan-cylinder, E, are also taken off.
The bar, 77, is then taken off the upright pillars, X, X, which allows of the removal of the governor in
one piece, after which 77 is replaced. The driving weight is of course taken off and the cord wound up.
The whole of the clock-work is enclosed when the instrument is at work in a light iron-framed cover to
keep out dust, which is not shown in Plate II. It is fitted with a glass roof and glass windows at the
sides, which latter draw out and allow the hands to be inserted for putting the clock-work together, or
taking it to pieces, or for necessary adjustments, and thus the removal of the cover is never necessary.
The winding arbor, Z, protrudes through a hole in the cover to admit of the weight being wound up. On

‘the other side—not visible in Plate II—a handle also passes through the cover, and acts by a screw
on a clamp fitted round the axis of the wheel, B, by which the instrument can be stopped. When sup-
ported on its usual wooden stand without any hole in the ground for the descent of the driving weight,
the instrument will go for about 50 minutes ; but the cord is long enough to admit of continuous motion
for about three hours, if the weight is allowed to descend.

The drum is 112 inches wide, 3 feet 16 inches in circumference and weighs about 45ibs. Each
instrument has three spare drums. The paper used is 11 inches wide, and about 3 feet 2} inches long;
it is put on with common paste. The direction of revolution is shown by an arrow.

The connection of the drum with the driving clock-work is carried out as follows :—The axis of the
last driving wheel, R, which gears with the governor at Q, and is therefore directly controlled by it, is pro-
longed through the protecting cover at a, to an outer bearing which is not seen in Plate II, being hidden
by the supports of the drum. On a there is an enlarged fixed nut, 8, with teeth along the edge of its verti-
cal surface, and there is also a movable nut, y, with similar teeth, which can be made to gear with 8 or not
at pleasure, by means of a lever (invisible in Plate IT) which works on the pin, 8. Rigidly attached toy
is a toothed wheel which gears with the teeth round the edge, ¢, ¢, of the drum. When B8 and y are dis-
connected by the lever the drum is cut off from the clock-work, and can be turned as desired by hand.
The clamp to stop the clock-work, which was referred to above, acts on the axis, a

The axis, {, of the drum is very strongly attached to the cylindrical portlon by an interior dia-
phragm, and is supported on bearings carried by stout uprights, one of which is seen in Plate II at 7.
"The other end of the axis, , terminates in a toothed wheel (invisible in Plate IT) exactly sim<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>