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Ropal Fustitute of British Avchitects,

At the Ordinary General Meeting of the Institute, held on Monday, the 16th of November, 1874,
JoHN GIBSON, Vice-President, in the Chair, the following Paper was read:—

THE ORWELL PARK OBSERVATORY,
By J. MACVICAR ANDERSON, Fellow.

I7 is not my intention to occupy your time by offering any apologies for my presence here this evening,
T am fully sensible of my own shortcomings, and of what may appear presumption in venturing to
address men, many of whom are, no doubt, of greater age, and possess more extensive experience than
myself, I am still more sensible of the great disadvantage under which I labour, following so close
upon the eloguent Address of our distinguished President. Let it suffice to assure you that I should
not have appeared here unasked, but acting on the principle, that it is the duty of each one of us to do
something for the benefit of the body corporate (a duty which I fear each member of the Institute does
not realize to the extent that might be wished), I thought, that in vesponse to the invitation of our
Secrctary, I might venture to impart to you a brief namrative of some professional experience acquired in
the arrancement and execution of a building which was entrusted to my care, and to whicl I do not

O
direct your attention on account of its magnitude or importance, so mnch as because it possessed, in

many respects, features of a distinctive and exceptional character.

To design an Observatory cannot fail to be, I should think, under any circumstances, a work of
considerable interest, calling for the exercise of great care and no small ataount of ingenuity; but when,
as was the case at Orwell Park, the Observatory had to be connected with an existing edifice, so con-
nected as to admit of facility of access, and to combine with the sorewhat eomplicated domestic
arrangements of a country mansion, and yet so isolated, as to secure complete privacy and perfect quiet
to the astronomical observer, the difficulties, T apprehend, are intensified to no small extent, As the
Observatory, of which I am now aboub to give some account, formed only a portion of other works
which T was called upon to design at the same time in connection with the house at Orwell Park, T
think it may not be altogether without interest, and at all events is essential to the proper understand-
ing of the subject, that I should in the first instance trouble you with a very brief sketch of the whole
scheme, 50 as to convey some idea of what the house was before the operations in question were com-
menced, and what the nature of the requirements were that I had to fulfl. Without this it would be
quite impossible for you to arrive at anything like a correct judgment as to the result.

The original house consisted of a square block, to which had, at various times, been added the
several adjuncts you see on the large plan, such as the picture gallery, billiard room, and conservatory to
the west, and an entirely new wing to the cast, embracing the whole of the domestic offices, and beyond
that again, the stable offices, brew-house, and laundry offices, &e.  In connection with these addi-
tions the main block of the mansion had, so far as the south front is concerned, been refaced, and
made to assume the architectural garb it now possesses. These operations had, at different periods, been
carried out by the late Mr. Burn.  Such was the subject {or treatment. The requirements of the pro-
first class bedrooms, in which the house was deemed fo be deficient,

E

prietor were, one or two suites of
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forming state apartments, a Turkish bath, and, though last not least, an Observatory, with other minor
and subsidiary wants not necessary to specify. The main building, comprising the principal apartments,
was complete in itself, and answered every purpose required of it. The east wing, comyprising the
domestic offices, was excellently arranged in point of comfort and convenience, and of a substantial
character. It was clear, therefore, that neither one nor the other could be materially altered without
disturbing arrvangements which were good, and incurring a large and unnecessary outlay, Accordingly
1 resolved to adopt an arrangement which possessed the merit of refaining the whole of the existing
buildings intact, with some unimportant exceptions—iwhile it extended to more than double its then
length the principal architectural front of the building, and obviated the inconvenience of the servants’
offices overlooking the private grounds. This was done by building up the whole of the windows of the
offices which looked to the south, and (by the sacrifice of one or two servants’ bedrooms only, which
were obtained elsewhere) lighting and thoroughly ventilating from the roof the offices which had pre-
viously looked to the south, an operation which proved perfectly successinl and satisfactory. This simple
expedient solved all difficulty, for the whole space to the south of the cast wing was thus made available
for the crection of an entirely new wing, comprising the additional accommodation that was required,
shatting out from view the ugly and unfinished appearance of the old east wing, aud completing the
architectural facade of the building to the south. This new wing consisted of a handsome suite of
apariments on each floor, so arranged that the rooms might be used together or separately, as occasion
required, accessible on both floovs by means of a corridor 170 feet in length; in connection with which
was provided a new principal staircase, a feature of which the house was much in want. At the extreme
casterly cnd of this new wing I placed the Observatory, thercby providing a handsome and convenient
access from either floor, by means of the corridors already mentioned, and at the same time securing
that complete isolation that the peculiar circumstances of the case called for. The rooms on the prin-
cipal floor were wranged so that they might be used as a complete suite of family apartments, the
proprietor’s business room being at the east end of the suite, in close proximity to which—but properly
shut off——were the Turkish bath chambers;, and in immediste communication with which was the
ohservatory above, by means of the private staircase.

Having thus taken a cursory survey of the general arrangement, I will now proceed to deseribe in
detail the portion of the work which more immediately concerns us at present,

To saythat an Observatory is a place from which to study and take observations of the Heavenly bodies,
is to repeat a definition familiar to every schoolboy—but accepting that definition as correet, it follows
that the structure is one which is formed for the reception, permanently, of astronomical instruments of
the utmost delicacy, and of great intrinsic value—the mathematical accuracy and consequent utility
of which would be destroyed by the smallest defect in the constructive properties of the edifice which
containg them—and I think, therefore, that I am not exaggerating the importance of the subject when
I say that there is, perhaps, no building which calls for more anxious thought, and more carvceful atten-
tion to every detail, on the part of the architect to whose care it is eonfided.  On the other hand, there
is perhaps no subject, the peculiar propertics of which lend themsclves so little to the production of a
gootl architectural cff'cet—so much so that it as been doubted, by Giwilt, whether it is possible fo combine
such features with Dbeauty of design, And wlhen it is considered, for instance, that the dome of an
Observatory intended for an equatorial instrument, such as the one at Orwell Park, must be made to
revolve, must have a moveable shutter, and must be finished without any lantern or spival termination,
it must be conceded that the doubt which I have alluded to did not arize without suflicicnt reason. 1 shall
probably illustrate most elearly the difficulties attending the design and erection of such a building, whether
viewed from a constructional or architectural point of view, by referring in point of order to what appear
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+o s mecHons of primary importance, and by explaining how such questions were treated in the case

211 Park Observatory.

Tl firet point of primary importance that demands attention in the construction of such a building,

o .ite. In the case of Orwell Park, this did not admit of much choice, inasmuch as the observatory
roouired to form part of the mansion. Fortunately, the position of the house, standing as it does

¢l hiel banks of the river Orwell, was well adapted to the required purpose. As a rule, however,
~neral enidunce, T believe the hest position for an observatory is considered to be the summit of o
1Ll or rising ground, so as to command the horizon withont entailing the expense, and involving

which attend the construction of a lofty edifice. At Orwell Park the Observatory,

y ¥

Lewld be 6 feet below the top of the highest chimmney in the mansion adjoining, a stipulation which
Sovolved o heicht of 58 feet from the ground level, and of 72 feet to the top of the dome, the total

Leieht from the Led of the foundations to the top of the dome being 86 feet. In selecting the site of

servatory, it is important that the situation should be dry and free from moisture, and it is to be
» noted that when it is in the vieinity of a river, the Observatory should be placed at such an
ution as 10 be above the reach of fogs, for such may prevail when the sky above is clear and well

1

danted for astronomical observations, I gather from an article recently published in “ Engineering”’
by M Alry, that he ¢ has frequently seen a dense fog extending as high as 100 feet above the Thames,

cuwich, while at the Royal Observatory, 150 feet above the river, the air was perfectly clear, and

-« Lrilliant.”

The next point of primary importance that calls for special consideration, is the nature of the
Poondation. IUis not so much on account of the actual weight of the superstructure (although in the
eaee Inopoint that was very considerable) as on account of the absolute necessity of securing a basis

feetly nmmoveable, beyond all fear of settlement, and above all, free from any chance of vibration.

nature of the foundation at Orwell Park was a hard loamy sand, which was so firm that for the

cenerally T did not deem it necessary to resort to any artificial foundation, but bedded the
fotings at once upou the sand,  In the case of the Obscrvatory, however, where the excavations had
to be carried to o considerably greater depth, there were occasional soft places, with water. The soil in
el places was removed, and the holes filled in with concrete, and in addition to this, the whole Obser-

oy building was placed upon one solid bed of concrete, 4 feet in thickness, and extending 30 inches

cvond the lower course of the footings. The only possible objection that might be urged against this
plan is, that the conerete being one mass, upon which both the outer walls and the central pier of the

crvatory stand, might act as a conductor of tremour or vibration from the outer shell to the kernel
el it enclosed.  The chances of this, however, were considered remote in the case in point, and the

il has, T believe, perfectly justified the conclusions then arrived at.  One can easily imagine, how-
evor. that were the central pler made to stand upon a foundation separate from that of the building

hencloses it, and consisting say of piles driven deep into the surface of the earth, there would be
- risk of the pier being affected, even to the remotest extent, by vibration

and in theory, thercfore,
may I suppose be conceded, that such a foundation would be the most perfect—Dbut from a practical
it of view, the distinetion does not appear to my mind to be one of material consequence.

Next in importance, and second only to the foundation upon which it stands, comes the Pier or

C-arwhich constitutes the heart of the structure, being the snpport of the instrument in the Observatory
¥ " “'\"l. rj-

re difficulty in obtaining a secure support for the instrument, perfectly free from vibration,
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must of course inerease proportionately with the height to which it is carried—and it might possibly be
better in some cases where the height is exceptionally great, or where it might facilitate the planning
of the lower portions of the building, to introduce more than one support, thercby leaving a clear space
beneath uninterrupted by any central shaft. In the case of Orwell Park, Mr. Airy stipulated that the
instrument should be supported upon one contral pier or pillar, circular on plan, and carried up from
the foundation to the height of 60 feet in one solid and unbroken mass of brickwork. At the
base, and for the height of 12 feet, this pier was 10 feet in diameter ; from this point to the height of
39 feet it was 8 feet in diameter; and for the remaining 16 feet it was 6 feet in diameter. It is
perhaps superfluous to state that the brickwork of this pier was of the very best description; but it is
worth noting that it was built in mortar, not cement, by Mr. Airy’s special desire, the former material
being less subject to expansion; and the precaution was taken of carrying up the work slowly, =0 as to
allow the brickwork to set thoroughly throughout the entire mass of the column. At the level of 7 feet
from the top of the pier, a 12 inch hard York stone, from the Idlestone quarry, was inserted, 6 feet
diameter, and again on the top of the pier a similar stone was bedded, which latter formed the upper
qurface of the column at the exact level of 3 feet 10 inches below the floor of the equatorial room, and
to this stone was afterwards fixed the iron casting which formed the support of the instrument.

The one point of supreme importance, which required to be specially attended to in connection with
this pier wag, that it should have absolutely no contact whatever with any portion of the surrounding
building, from the foundation upwards, just as much so indeed as if it had stood by itself, an isolated
pillar. To effect this object I encased the pier with a circular wall of 14 inch brickwork the whole height
from the fonndation upwards to the floor of the Observatory, leaving a clear space of Ginches throughout
hetween the outer surface of the pier and the inmer swface of the cuclosing wall, and thus it
became utterly impossible that the pier could be, even to the smallest extent, affected by its proximity
to the surrounding buildings. The diameter of this circular well, as it might be called, was made
to diminish upwards, following the diminishing diameter of the pier which it cncased, so as not to lose
space in the surrouading building, which might prove valuable for other purposes. The internal dia-
meter of the dome of the Observatory was fixed by Mr. Aliry at 20 feet in the clear, and the civenlar walls
which supported it and formed the equatorial reom, were consequently required to enclose a space 19 feet
6 inches diameter. Tt is obvious that had these walls been earried up from the foundations, the space
between them and the 14 inch wall enclosing the pier would, especially towards the bottowm, have heen
o limited as to have been practically uscless. On the lower floors, therefore, I constructed the
puilding of a much larger diameter, and of octagonal form, weasuring 32 feet from ont to out.
DBy this means I obtained a space all round the central pier, 7 feet 6 inches in the clear between
the external walls and the 14 inch inclosing wall already alluded to.

This space in the principal floor appeared to me well adapted for what was one of the requirements
of the Proprictor, a Turkish bath. I therefore formed an adjunct to the Observatory building on this
floor, and placed therein the ¢ sudarium”™ and ¢ tepidarium,” being the two hot chambers, and reserved
the whole of the space surronuding the central pier of thie observatory for the ¢ frigidarium ” or cooling
chamber. These chambers were heated by a special furnace, placed in the Lasement inmediately beneath,
capable of raising the temperature in the mermost or Lot chamber to 200 degrees, and a proportionate
amount of warmth was also introduced to the other chambers, the whole being so arranged that the
temperature in each ehamber could be regulated as might be desired. The cooling chamber, which
occupied the space around the central pier of the Obscrvatory, was of octagonal form, and was proposed
to be finished in a style of Oriental luxuriance, with shafts of polished marble, a dado and wall linings of

coloured marbles, and a veined marble floor, the groining, which was exccuted in plaster, being intended for
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eoloured and painted decoration. Thelarge recesses were prepared for luxurious couches, and the chamber
was thus intended to form a sumptuous and agreeable lounge for general purposes, as well as for the
wore immediate requirements of the Turkish bath, The space on the first floor, immediately above, was
cecupied as a muniment room, arched over, as well as the chamber beneath, with brickwork in cement.
On the floor above this muniment room, the circular external walls of the Observatory proper commence.
These, however, were not in any way supported on the brick arches just referred to, but upon a series
of sixteen wrought iron girders, resting at one end on the external walls of the octagon below, and at
the other on the 14 inch wall enclosing the central pier, overlapping the latter inwards, so as to form
the support to the diminished diameter of the 14 inch enclosing wall above, and receiving about midway
between the bearings the cireular wall of the Observatory, At this level, the space was occupied by a
Relvidere, accessible by means of the spiral stone stair leading to the equatorial room above, and from
which might be obtained good views of the park and surrounding scenery. Kor this purpose the walls
of the Olservatory were on this floor pierced with a series of arches, and the junction architecturally
belween this circular building and the larger octagonal one below, was formed with large scrolls or
trusses of moulded and carved masonry, one being placed over each angle of the octagon, The
Observatory itself, or, as it is otherwise called, the equatorial room, was reached by means of the spiral
stair alreudy referred to, at the top of which was a doorway, € feet high by 2 fect 6 inches wide, the
height of the door being thus vestricted in consequence of Mr. Airy’s stipulation that the extreme top of
the observatory wall should be exactly 6 feet 5 inches above the level of the floor. The Obscrvatory as
Lias been already stated, was civeular on plan, 19 feet 6 inches diameter in clear of the walls, which
were 221 inches in thickness. It was lighted by means of small circular headed windows in the walls
forming lucarmes externally, the apex of which did not rise above the stipulated height of 6 feet 5 inches

from the tloor.  Corresponding with the doorway from the circular stair, was another and similar door-

e to the Transit chamber, a small room prepared for the reception of the transit instrument,
~ary aceompaniment to the equatorial instrnment which Mr. Airy adopted for the Observatory.
[ the floor of this chamber a hard York stone, b feet by 8 feet, wos fixed, forming the foundation
for the transit mstrament., Tt was stipulated that this chamber showd be upon a certain axis, which
condition 1 was so far fortunate in securing by placing it on the north east side of the Observatory,
corresponding to the spiral stair on the north west side, in which position they were less prominent
than they could have been eclsewhere. These projections or turrets for the stair and the transit
chamber, it was difficult to make architecturally effective, in consequence, first, of their destroying
the cirewlar outline of the Observatory, and seccondly, of the necessity of keeping them beneath the
top of the general line of masonry, and finishing them with flat roofs. They wercin short excrescences,
to which I did not hope so much to impart beauty, as to redeem them from positive ugliness.

Itisnot myintention to enter at all in detail upon the construction of the Dome, or of the mechanical
eontrivances for working it, nor yet to allude even to the astronomical instruments, because these will be
much more ably and clearly described by the engineer who designed them, Mr. W. Airy, C.E., son of the
A~tronomer Tloyal, who has placed me, and I think I may venture to say all of us, under an obligation,
by his Kindness in coming here to enlighten us to-night. I must, however, be permitted to render this
dezcriptive sketeh complete, by referring briefly to one or two particulars. The chief constructive feature
of an equatorial room is the Dome, which must be made fo revolve, and it is of course of the greatest
consequence that it should do so easily, and without the application of much cffort.  There are different
methods of effecting this object, to which Mr. Airy will no doubt dircet your attention, and I shall there-
fore content myself with stating that in the case of Orwell Park, the Dome, which weighed about three
tons, revolved upon a scries of wheels contained in boxes formed in the masonry for the purpose, the
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motive action being by means of a grooved wheel and endless rope, which acting on a cirenlar rack on
the top of the wall, caused the dome to revolve with great ease. The wheel boxes just referred to were,
T think, twelve in number, and were formed in the top course of the masonry, and constructed with a
stone in front of each, bolted and made removeable at pleasure, in case of the boxes becoming choked,
or the wheels requirving repair, in course of time. The Dome was constructed of iron ribs 4 inches
deep, covered on the outside with deal boarding to receive the copper sheathing which formed the
external eovering, and lined on the inside with polished mahogany boards, with joints radiating towards
the apex. The walls were similarly lined on the inside with polished mahogany hoarding. The Dome
was provided with a shutter, which was so contrived as to open easily and yet be perfectly weather-
tight when closed, and which extended from the base to the apex, forming a complete slit when open on
one side of the dome. The casting which formed the suvport of the equatorial instrument, was securely
bolted to the top stone of the central pier which has already been deseribed in detail, and as it was of
considerable weight, it was necessary to specify that the contractor’s scaffolding should be of sufficient
strength to hoist a weight of several tons.  The equatorial room was provided with the means of being
heated by warm air flues from the boiler of the Turkish bath below.

Were it not for Mr. Airy’s kindness in consenting to explain the mechanical and scientific parts of
the Observatory, I should as a matter of cowrse, and however inadequately, have attempted to place before
you a more particalar description of this Interesting portion of the work., As it is, T do not think I'need
detain you with any further observations of my own. I do however wish, if you will allow me, to record
my sense of the extreme courtesy displayed by Mr. Airy, who at all times met me most heartily in main-
taining what T conceived to be points of architectural propriety, and in making his work, so far as possible,
conform to them. Much has been said and written on the great advantage of architects and engincers
working together, Here at all events is a case where Mr. Airy and mysclf worked together harmoniously
and heartily, to the great and manifest advantage of our mutual employer.

I should perhaps mention that I am not responsible for the style of architecture adopted at Orwell
Park, All Tdid was to carry out what I found in existence in the main part of the house, =0 as to form
one harmonious fagade. This in my judgment, is the true and proper spirit in which to carry out an
addition to an existing edifice. Tven if the original architecture is not so good as it might be, as not
unfrequently happens, it is better T think to perpetuate it, than to make it apparent by adopting a
different style or period for the extension, that the original edifice had heen patehed or added to. At all
events, T conscientiously carried out this principle at Orwell Park, and treated the Observatory with
truth in making the architecture conform, and give expression, to the peculiar and exceptional require-
ments of the building. The whole of the works which T have thus briefly attempted to describe,
including the Dome and its working gear, were cxecuted in athoroughly satisfactory manner by Messrs.
George Smith & Co., the well-known firm of Loondon contractors, and the warming arrangements by
Messrs, Haden & Son, of Trowbridge.

Tn conclusion, Iwill only venture to hope that by reading this paper before you, I have demonstrated
that it is not impossible to crect an Obscrvatory in connection with a country house, forming an integral
part of it, and combining facility of access with complete isolation, and at the same time to treat it in
such a manner that it need not necessarily prove an architectural eyesore. It may indeed be thought
by some that an Observatory is a somewhat unnecessary, as it is no doubt a very unusual adjunct
to a country house. Dut why, let me ask, shonld it be either? Is there any reason why a country
gentleman, the inheritor, it may be, of vast domains and unbounded wealth, who has surrounded
bimsclf with the noblest and mest clevating productions of human genius, should not occasionally
devote himeelf to the grand, the wondrous study of the works of God in Nature and Creation?
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Jliecether from its scientific importance, is there any study better caleulated to sink into

uiticance all that we esteem to be great and valued? The power acquired by wealth,

(il position, the most cherished possessions, and most costly treasures, do they not drop from our

O=111011,

Teetions like crumbling clay, in the contemplation of the great Universe, whose limits are boundless

. in comparison with which man, and all he possesses, is but as a drop in the great ocean?

¥

WiLreed AIry, Visitor, C.E., said—In the few remarks which I shall offer upon

Afr. Anderson’s paper, I will confine myself to what may be termed the constructive necessities of
a private observatory.  The uses of a private observatory ave in general the careful and continuous
observations of cortain definite objects and pheenomena, and the instruments best adapted to these
chservations are a powerful equatorial instrument and a small transit instrument. The latter is for the
most part an adjunct to the equatorial, and is used for obtaining the true sideral time. The space
quired for the equatorial instrument depends upon the length of the telescope, and that will depend

upon the diameter of the object glass. In the case of the Orwell Park Equatorial, the diameter of
the objeet glass Is ten inches, and this requires a telescope of about thirteen feet focal length, which
with its fog eap, could scarcely be manipulated in a dome of less than twenty feet diameter. The transit

muent need not be large, but it should be placed near the equatorial instrument ; and in the case

we Orwell Pavk Observatory the transit instrument was placed in a small twrret, corresponding
to the staircase turret on the opposite side of the observatory. With regard to the height of the
oborvatory, it is necessary that the telescope should be placed high enough to look over trees and
fuildings right down to the horizon. This is important, more especially for the observation

d cr)mot\ when near the sun, which is often a favourite subject of observation with
amatent astronomers,  There is considerable inconvenience in this condition, when the observatory is

attached to a lofly mansion; and in the case of the Orwell Park Observatory it was necessary to place

e dnstrument at a height of sixty feet above the foundations, in order to overlook the trees and
adjacent buildings.

For the proper support of an equatorial instrument it is necessary to carry up a column or
colnrans {rom the foundations, without contact of any kind with the walls or floors of the building.
TLix is necessary om account of the {remor which would be caused by persons moving about the
rovms attached to the observatory, which would be communicated to the instrument and give great

trouble to the observer,  In the case of the Orwell Park Obs servatory the instrument is earried upon
@ single column, upwards of fifty feet in height. The column is ten feet in diameter at the bottom, and
radually to six feet diameter at the top,  For the foundation of such a column, unless it was
tpon the matural vock, piling would seemn preferable, hecause that kind of foundation would probably
awore completely preserve the column from tremors transmitted through the foundations; but in the
case of the Orwell Park Observatory, the reason for not piling the foundation was, that the operation
it have shaken down some of the adjacent buildings, It is evident that a column such as that
deseribed, greatly tends to impair the usefulness of the rooms below the observatory, and necessitates

very skilful arrangements on the part of the architeet, An cquatorial instrument requires a revolving
domne, fitted with a shutter opening from beyond the crown of the dome to the horizon. The usual
way ol cwrying such domes, is either upon cannon balls running in a groove or upon a live ring

¢ wheels,  In the case of the Orwell Park Observatory, the dome is carried upon wheels revolving
i txed wall boxes, and the reason for this arrangement needs a little explanation.
[tis of greatimportance that the centre of motion of the teleseope should be kept as low as possible,

e order to avoid, as much as possible, the necessity of climbing about the telescope while observing; but
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it is also necessary to provide sufficient head way for the doors into the dome, and it will be seen, that
by placing the wall-boxes on either side of the doors, it is possible for the edge of the dome to pass very
close to the top of the doors, and thus to keep the centre of motion of the telescope very low. This
question of headway for the doors into observatories invariably presents a difficulty. In some private
observatories the only entrance is by a trap door in the floor, reached by a ladder, and in others by means
of a flight of stairs extending some distance into the floor of the observatory. DBoth of these methods
are very inconvenient. With regard to the construction of the deme, it is advisable that the shell
of the dome should be double, in order to prevent the observatory from getting too hot in the sun; and
in the best domes, the skeleton of the dome should be made of iron, in order that it may keep its
shape and run truly on its wheels. Those constructed of wood are apt to warp aud twist and run very
heavy. The construction of the Orwell Park Domc may be seen by the diagrams. The ribs are of
wrought iron, and they spring from a cast iron curb which runs on the wheels. Between the ribs are
horizontal rings of wood which projeet a little beyond the iron work, and to these rings of wood are
screwed the outer and inner linings. The inner lining Is of polished mahogany, and the outer lining,
which carries the copper sheathing, is of deal. The movement of the dome is effected by means
of an endless rope on a grooved wheel. On the same axle as the wheel, is a pinion which gears into
a circular rack fixed on the top of the wall, and thus the dome is casily tarned by the power of one
man. With regard to the wheel boxes, it is very important that means should be provided for getting
at the wheels, in case one of them should get out of order, without having to move the whole dome.
This is effected by means of a moveable slab of stone, which is bolted against the inner side of cach
wall-box, and can be removed at pleasure to examine the wall-box.

With regard to the shutter of the dome, it is necessary that it should open beyond the zenith, and
therefore it is impossible to relieve the appearance of the cbservatory by fixing an ornament on the top
of the dome. The shutter is caxrvied on two tangent bars, one at the top and the other at the bottom of
the dome, and draws away to one side in order to open the slit. Tt is now necessary to refer briefly to the
different kinds o7 mounting which may be adopted for equatovial instruments, because, according as one
system or another is adopted, it is necessary to carry the instrument either upon one central column or
two side columng, and the arrangement that may be adopted affects greatly the disposition of the rooms
below. There are in common use two systems of mounting for equatorials—the English system and the
German system. According to the English system the polar axis is carried on two piers or columns—
one on the north side of the observatory and the other on the south side of the observatory, and the
telescope is slung midway between them. The advantage of this method of mounting is, that the
floor of the observatory is kept comparatively clear and it is easy to get at the telescope in most
positions ; also the great length of the polar axis facilitates the accurate adjustment of the instrument.
The disadvantages are, first, that the north standard of the instrument sometimes obstructs the view
of an object in the north (as was at one time the case with the last large comet) ; secondly, the weight
of the telescope and polar axis is considerable; and thirdly, the polar axis, by reason of its great
length and the weight upon it, will in general shew a little deflection, which is a bad defect.  In the
German method of mounting, the telescope is carried by a vertical standard which ix fixed upon ¢
single central column.  The advantages of this arrangement are, the lightness and case of motion
which the construction admits of.  The disadvantages are that the polar axis is in general short, and
does not admit of very accurate adjustment; the hour circle is small, and there is the further disad-
vantage, that in following ecircum-polar stars the telescope is frequently brought np by the vertical
standard of the instrument,

In the case of the Orwell Park Obscrvatory, the arrangement adopted is as follows: The



TRIBA page 23

THE ORWELI. PARK OBSERVATORY. 23

iclescope is carried on a powerful bent casting, and the polar axis is produced to the floor of
the observatory.  This arrangement allows considerable leneth of polar axis, and consequently
the means of accurate adjustment : it also admits of a large hour circle being used, and finally, by
asing the bent form of casting, the telescope can follow any cirenm-polar star whatever throughout its
course without interruption. This arrangement has met with much approval from the practical
astronomers to whom it has Dbeen submitted.  With regard to warming the observatory, it is the
customary practice to set the observatory open for an Lour or so before observing, and during observa-
tions, it is essential that the temperature of the air outside and inside the observatory should be as
nearly as possible the same; but at the same time it is always advisable to have the means of warming
the observatory when not in use, in order to preserve the instruments and books from rust and damp.
In the case of the Orwell Park Observatory, Mr. Anderson very snceessfully arranged a plan for
warming the observatory by means of hot hair from the Turkish Daths below, which was admitted into
the observatory through gratings in the floor.

With regard to lighting the observatory and instruments, whercver gas can be obtained, it is
advisable to introduce it. It cannot conveniently be applied to all parts of the instruments, but
wherever it ean be applied it is a very great convenience. There is gas to be had at Orwell Park,
and it is used wherever possible in the observatory. 1 venture to make a few additional remarks
concerning the shutter of the dome. I have always considered the shutter at Orwell Park as a
great success, for it is moved with great case, opens the slit from the zenith to the horizon, and
is quite watertight. There 1s almost always more or less difficulty with regard to these shutters
i1 observatories: some are very heavy and cumbrous, others are slow in action, and others are
continually getting out of order. I do not take credit to myseclf for inventing the shutter, inasmuch
as through the cowrtesy of Mr. Talmage, 1 have had the opportunity of examining the shutter at
Mr. Barclay’s Observatory at Leyton, and after due consideration I adopted it precisely as I found
it. T beg leave to express my sense of the honour which the Council have conferred upon me, in
asking me to attend on the present oceasion, and to acknowledge heartily the kind terms in which my
name has been mentioned by Mr. Anderson in his paper.

Mr. C. G. TALMAGE, Visitor, said—Through the kindness of your Secretary I have been invited to
attend this meeting, and to offer such remarks as might occur to me with reference to this dome.
Astronomers, I am sure, will be bappy to acknowledge any saving of labour which architects may
be kind enough to introduce. A night’s work in an observatory sounds a light thing, but I have
heard it said it is equivalent to a good day’s digging in a garden. The manner of moving the dome
I would say, I think is not the best. I think the lever with plates round tlic dome is best, for the
reason that, although you require at the commencement a greater exertion of force to move the dome,
yet that exertion will move the dome move quickly than the same exertion would do distributed over
the pulley and the vope. The dome of the observatory, of which I have charge, is 18 fect diameter,
and is very easily moved. With two or three turns I can make the dome perform a complete revolu-
tion. I think that is rather preferable. I have not used the rope very much, but I have used it at
Mr. De La Rue's, where the pulley was hooked on to vertical picees round the wall under the dome.
The =hutter T think is very complete, and its arrangements arve designed by Messrs. Ashby and Horner,
vwho built it.  There is, however, a liability to the rusting of the tangential bars, from the rain getting
in, aud where frost sets in after heavy rain, may get frozen where the dome is open, and it is some-
times an awkward thing to shut the dome, beeause the bars have become fixed in the ice.  The danger
then oceurs that you may, by pulling suddenly, give the shutter such an impctus that it may move and
fall over; and T have had the shutter slip on to the outside hed of the dome. It strikes me that if the

r
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bottom were perforated with holes, the water would be able to escape, and that would obviate what I
have mentioned. Using crude oil as a Inbricator, I have found not advantageous, as it freezes and
gets harder than ordinary grease or train oil.  The arrangement of Mr. Airy, with vegard to the
wheels is, T consider, very admirable. The dome to whieh I refer moves upon a live ring; the wheels
got clogged, and then it is necessary to take down the boarding and revolve the dome round several
times, before we can get the wheels to come under the operator’s hand.  Mr, Airy’s arrangement, with
regard to the instruments, is one of considerable beauty and utility, for it will often happen, and it
is by no means an extraordinary occurrence, that when you are observing circum-polar stars, you may
not think for the moment on which side your telescope is, and it will soon jamb, and you have to go
right away round to get it into position again. I think the arrangements of Mr, Airy ave, for all
purposes, most admirable.

Mr. PuxroOsE, Fellow (responding to the Chairman’s invitation), said—1I have very few obscr-
vations to offer on the subject of this interesting building, the combined work of the architect and the
engineer. I have not seen it myself, besides which, my experience is not amongst the great observa-
tories of the country, as is that of Mr. Talmage. Xegarding it at a distance, one sees a number of
interesting contrivances., 1t is, however, obvious, that for extremely accurate purposes, no instruments
should be set on so lofty a tower as this, but whilst the extreme refinements of measurement are, for
the most part left to the public observatories, where the instruments for obtaining accurate measure-
ments are set wuch nearer to the ground: there are many points of physical astronomy in which
extreme accuracy 1s not required, and for these, there can be no doubt, this building and its arrange-
ments are very admirably adapted. Greal care has evidently been taken in the construction of this
pillar, so as to reduce the possibility of external disturbances, and the inaccuracies thence resulting, as
far as the equatorial is concerned, to the smallest possible degree. We did not, however, hear how
the foundation of the transit instrument is made. As far as I gathered that does not share in the
contrivances which have been described, but since the adjustments of the transit instrument can always
be easily tested and corrected, if necessary, from week to week, the disadvantages arising from a Jess
perfect foundation ¢ould not be serious.

I caunot but admire the extreme felicity of the arrangements for the improvement of the
German mounting which have been introduced by Mr, Airy, taking the wind, as one might say,
out of the German sails; for as Mr. Talmage says, great inconvenience is apt to arise, from the
sudden bringing-up of the telescope, by which some interesting observations may be lost. I am not
sufficiently versed in the practice of a revolving dome to offer an opinion on the point, but I think
the arrangement of the fixed wheels in boxes must be preferable to that of common balls in a groove,
as they are very liable to jamb. One could have perhaps wished theoretically that the great centre
column had an independent fouudation, but we have heard from Mr. Anderson that that has not
produced any difficulty, and we may take it that the foundation is quite sufficieut, I am very much
interested by the contrivances by which Mr, Anderson has utilised the spaces beneath the dome.
Of course, one would have thought in theory the heat of the tepidarium of the Turkish bath would
have been prejudicial to the instruments, as causing a liability to expand, but the perfect and con-
tinvous groove or airspace placed between the domestic apartments and the pillar, with, no doubt, other
contrivances for ventilation, will, 1 have no doubt, have been successful, as respeets the instruments. It
must, however, T imagine, be still a matter of some difficulty to get a sufficiently uniform temperature
inside the dome, for the exquisite nicety of extremely accurate astronomical definition, and with
reference to this point I would ask Mr. Airy what is the width of the opening of the shutter in
this dome.—[Mr. AIRY.~—1It Is 3 feet 6 inches at the bottom and 2 feet 6 inches at the top

J—-
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Alr. PENROSE.—1 would say a word on the subject of vibration, as T have a scrap of information
upon it. It haj ppened that whilst living about half a mile from the South Western Railway I had
often been sensible of the vibration arising from the railway at that distance; and when the question
of the threatened railway near the Greenwich Observatory was before the Astronomer Royal, T com-
snunicated to him what T had remarked. He thereupon sent Mr. Stone to make experiments, because
it was au exact case in point. Mr. Stone brought down a collimator and a trough of mercury, and
made experiments at the time when heavy luggage were passing at the distance of half a mile. He
found there was a very sensible vibration, although Mr. Stone stated it was less than he expeeted to
find, but it was enough to interfere seriously with the firm astronomical observations. 1 have myself
been sensible of the vibration, so much as that it sometimes caused objects on a table to vibrate, but
that was only now and then; but when it did occur it produced a vibration which, I should imagine,
would seriously interfere with the working of an observatory.

Mr. T, Morris, Associate.—Considering how stupendous an edifice is under the immediate charge
of Mr. Pentose, he may probably have an opportunity of observing such effects as have been alluded
1o b a previous speaker. I am not aware that a record has been anywhere kept of meteorological
effect, in relation to the interiors of our large buildings, and T have in fact inquired for such information
in vain, After the statement just made, however, that buildings are really found to be sensibly
influenced by changes of temperature, due to the hours and the seasons, it seems possible that the
masses of atmosphere they confine may have also come under examination. Such notices are un-
doubtedly rare, if any exist at all, but should Mr. Penrose be able to turn his attention to the subject
some 111’591051;1110 results may be confidently expected.

Ar. J. MACVICAR ANDERSON.—TI do not know that there is any point, with regard to the architectural
purposes of the building, which requires any reply. The only point which calls for remark is that
which Mr. Penrose alluded to, as to the foundation of the transit instrument. Not being an astronomer
myself, T worked in conjunction with Mr. Airy, who is more of an astronomer, and on those matters [
should prefer him to give you his own opinions and views

Mr. AIRY.—With regard to the foundation of the transit instrument, it is not a perfect
foundation: but seeing that it could not, with any convenience, be combined with the foundation of the
equatorial; (and it seemed out of the question to carry up such a large mass of masonry as would
be required for the separate foundation of the transit instrument), I was content with the sufficiently
solid foundation afforded by some powerful wrought-iron girders which were used in the construction of
the building, and these carried the transit room and instrument. I have already mentioned the transit
instrament as being, in the present instance, not of the first importance, but mainly to be used as an
adjunct to the cquatorial.  There is no fear of its getting seriously out of ovder: it may get a very
Little movement in consequence of the expansion and contraction of the iron girders, but iron, when
entirely enclosed in masonry, does not contract or expand in the same degree as iron exposed to the
atmosphere. T was, therefore, content with a foundation of that kind, although I should not think
of adopting such a foundation for a transit instrument used solely for transit observations of the highest
aceuracy. With reference to the vibration caused by railway trains, I shall be happy to obtain for
the Institute a copy of the Records of Observations which have been made by the Astronomer Royal for
the parposes of the Greenwich Observatory (see Ap pendix, p. 27), if they should be considered of any
value,  OF course the coffect of vibration is very different with different kinds of ground. The Obser-
vatory at Greenwich is placed upon a hard gravel, practically as hard as rock, and, doubtless, the effect
wfnbm*l(m would be greater than if the ground had Deen softer.  Ths observations were talken near the

Nackheatl tunnel, and at other places. The method of observation was to have two telesocpes mounted
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on tripod stands: ane of the telescopes was directed towards a bowl of mercury placed upon the gronnd,
and its wires were observed by reflection with the other telescope.  With this arrangement the slightest
vibration would be distinctly perceptible. The tremor caused by trains was very serious near the tunnel,
but at the distance of about a furlong the vibration was practically nil. With regard to the Soutl
Tastern Railway, which had been a constant souree of terror to the Greenwich Observatory, it has been
driven so far away from the Observatory that there is no fear of any evil effects resulting from the
vibration. The railway is nearly a quarter of a mile away from the Observatory, and is carried in a
covered way, or tunnel. A good many questions arose with the South Fastern Company at the time.
They offered to do all they could to diminish the vibration, provided they were allowed to carry the
railway through the Greenwich Park. They offered to surround the railway with a considerable thick-
ness of peat carth, and to lay the rails upon india rubber packings for a certain distance: in fact, to do
all in their power, but it was considered that the most effectual safeguard was to drive the railway to a
distance at which it conld not possibly do harm. With regard to the astronomical clock in connection
with the Orwell Park Observatory, it is a thoroughly good clock, made by Dent, and it has been
placed against the wall of the transit room in the line of the two piers of the instrument, so as to be
equally well read from either side of the instrument.

The CHAIRMAN.— "t is now my pleasing duty to propose a vote of thanks to Mr. Anderson and
Mr. Airy, for the kind manner in which they have severally described a building which, together with its
various arrangements, appears to answer all the purposes required in a very admirable manner. 1 think
great ingenuity has been shown in the construction of the building, and I think a special vote of thanks is
due to Mx. Airy for his kindness in explaining the working of the instruments, and of the dome itself.
T am sure we are all exceedingly obliged to him for Lis kindness in that particular, and also for his
promised contribution to our Society.

The vote of thanks having been passed by acclamation,

Mr. ANDERSON said,—I beg to return my best acknowledgements for your kindness in passing this
vote of thanks. I feel, as I have already said, under great obligations to Mr. Alry, whose portion of the
work is most interesting. I feel, with regard to myself, that my acknowledgements are due for the
patience with which you have listened to the somewhat dry details which I have had the honour to lay
before you.

The Meeting then adjourned.



