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ADDRESS.

THE constant enquiry for a list of the articles manufactured and sold

by us, has compelled us to undertake the publication of the Third

Edition of our Catalogue. In so doing, we have endeavoured to

include every instrument and article likely to be required by the

man of science, the student, or manufacturer. '

A Table of Contents, referring to the pages where any section

or class of apparatus will be found, and a copious general Index, giving

the marginal number of each instrument, combined with upwards of

five hundred \Vood Engravings, will assist the reader in searching for

any particular article.

Owing to our having removed to more extensive premises, we

are now enabled to undertake the manufacture of the greater portion

of the instruments sold by us, and being practically acquainted with

every department of our business, we feel confident of being enabled

to give satisfaction with any orders we may be entrusted to execute.

Our extensive and intimate connection with most of the first

class opticians on the continent, enables us to obtain early and correct
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information respecting any new instruments manufactured by them, so

that if any scientific novelty or apparatus constructed by any foreign

optician should be required, 'we are in a position either to make or

procure the same.

In the Meteorological Section will be found every instrument

now in general use; many of these have been greatly improved

by ourselves, and several of them have been invented and patented

by us, and now rank pre-eminent among standard meteorological

instruments.

The fact that we now supply Her Majesty the Queen, His

Royal Highness the Prince Consort, the Royal Observatory, Greenwich,

the Council and Members of the British Meteorological Society, the

Kew Observatory, the Admiralty, the Board of Ordnance, the Board

of Trade, the War Ofiice, Her Majesty’s Corps of Royal Engineers,

all the Scientific Departments of Her Majesty’s Government, the Indian

Council, the Colonial Observatories, and the American, Brazilian,

Spanish, and Portugese Governments, etc., etc., is in itself a sufficient

guarantee for the quality of the instruments supplied by us; and

having paid the greatest attention to this branch of our business, we

can confidently state, that in point of accuracy, they will be found

superior to any, an assertion fully endorsed by our receiving the only

Prize Medal awarded for Meteorological Instruments at the Exhibition

of 1851. I

The Photographic Section contains all the apparatus now in use,

but as fresh processes are daily brought out (a circumstance that will

naturally arise in any new branch of science), we merely state that

any new apparatus of practical utility that may be suggested, will

at once be added to our stock, so that although some articles may not

be enumerated in the list, they will nevertheless be obtainable at our

establishment; and from our great experience as Photographers to the

Crystal Palace, Sydenham, and opportunities we have for testing all

lenses and apparatus at the above establishment, our customers may

rest assured that their orders will be executed in a satisfactory manner.
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The manufacture of Chemical Glass Apparatus forms one of

the principal features of our establishment, where any kind of glass

vessel can be procured; or if an instrument of novel construction is

required, it can be had blown, on the premises, from either flint or

Bohemian glass, at the shortest notice.

Explicit instructions should accompany orders as to the address,

mode of conveyance, or shipment.

The greatest possible care being taken in packing apparatu and

instruments to ensure safety in carriage, and none but experienced

packers employed, under our own immediate superintendencc, we cannot

be responsible for any breakage or damage that may occur in transit

by railway, ship, or other conveyance, after the goods leave our establish

ment; but having correspondents in nearly every part of the globe, we

will, for a small extra charge, guarantee the safe transmission of

instruments to any principal sea port.

Foreign orders must be accompanied by a remittance or order for

payment in London.

A liberal discount allowed to merchants, shippers, or agents, on

large orders.

NEGRETTI & ZAMBRA.
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STANDARD

METEOROLOGICAL INSTRUMENTS.

L—Standard Barometer (fig. 1), on Fortin‘s princi

ple, reading from an ivory point in the cistern, to ensure a

constant level—with mercury boiled in the tube. The baro

meter tube is enclosed and protected by a tube of brass

extending throughout its whole length; the upper portion

of the brams tube has two longitudinal openings opposite

each other; on one side of the front opening is the baro

metrical scale of English inches, divided to show, by means

of a vernier, iztath of an inch; on the opposite side is

sometimes divided a scale of French millimetres, reading

also by a vernier to ,ldth of a millimetre; the reservoir or

cistern of the barometer is of glass, closed at bottom by

means of a leather bag, acted upon by a thumb-screw

passing through the bottom of an arrangement of brass

work, by which it is protected.

As received by the observer, the barometer. will con

sist of three parts, packed separately for safety in carriage,

—-lst, the barometer tube and cistern, filled with mercury;

2nd, the brass tube, with its divided scale and thermometer;

and 3rd, a mahogany board, with bracket at top, and brass

ring with three adjusting screws at bottom.

Directions for firing the Barometer.—Having deter

mined upon the position in which to place the instrument,

'fix the mahogany board as nearly vertical as possible; then

screw the barometer tube and its cistern into the brass tube,

and ascertain if it is perfect and free from air, in the follow

ing manner :—lower the screw at the bottom of cistern three

or four turns, that the, mercury in the tube, when held

upright, may fall two or three inches from the top; then

slightly incline the instrument from the vertical position,

and if the mercury in striking the top elicit a sharp tap,

the instrument is perfect. If the tap be dull, or not heard

at all, there is air above the mercury, and must be driven

into the cistern by inverting the instrument, andgently tapping

it with the hand. Supposing the barometer to be in perfect

condition, it is next suspended on the brass bracket, its

cistern passing through the ring at bottom, and allowed to

find its vertical position, after which it is firmly clamped

by means of the three thumb-screws.

Before making an observation, the mercury in the

cistern must be raised or lowered by means of the thumb

screw (r), until the ivory point and its reflected image are

just in contact; the vernier is then moved by means of the

milled head, until its lower termination just excludes the

light from the top of the mercurial column; the reading

is then taken by means of the scale on the limb and the

vernier.

Price,...... £880

With Millimetre Scale (extra) 0 _l5 0

n
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2-—Staudard Mountain Barometer (fig. 71, page 21), on the same principle as

fig. 1. This instrument is the only small portable mountain barometer made possessing

all the essentials of a standard instrument. Its size is such, that for portability, will

recommend it to those who have hitherto used the “ Aneroid," in preference to mercurial

barometers, the latter having been made so large that, in many instances, they have been

dispensed with in favour of the “ Aneroid," where for accurate observation they should

have been employed.

Price, including Tripod Stand, which forms a Travelling Case for

  

  

 

   

the Barometer . £8 8 6

‘ TABLE showing Readings of the Barometer and corresponding ‘

Height in feet.

I; - ,_ . _

01 _0 {1 2a 1- 2.010 [as L—bfibe l 22 _- 9.026

r— 1‘ — —

1- 110 ,' -— 2.504 -- 0.1100 -_ 9 201

L ‘ _ _ _

- :m i— am _ 6.083 1— 9.510

5 i: | 5 - 5 - 5 1

1- 013 :l 1- 0.245 - - 0.297 _ 9.70:

l:- 687 1 l:- a.4as _ 0.014 ! __ 10.002 1

I so :- 002 I 27 3.033 24 -_ am 21 _- 10.203

1 1— —~ — —

'_ 1.00s i _— 3.827 - 6.953 1 _ 10.500

,_ _ _

|_- 1.210 1 - 4.02s — 7.170 l _ 10 760

s ;_ , 5 t s T 5 a -

l:- 1.as¢ l ‘ _ 4.22:1 _-- 7.400 1 _ 11.01s

j,_-_ 1072 ' F- 4.423 - 7025 ’ >-—— H.278

29 L- 1.1113 .1 E. 4.02:. as - 7856 20 _11.041 1

_- 1.93.1 ' - was _- s 055 _ 111100

‘ i--_ 2.119 - 0.033 ; s.311 _ 12.074
>— — 5 — 5 '—

1, 1__ 2.303 __ 5.240 _- s.001 v ~- 12.046 1

b l
1-— 2.489 l_- a 448 _~ 8.787 I __ 12.020

_ _ . 1

  

  

 

3.—M0untain Barometer (Gay Lussac's), in brass frame, with attached thermo

meter, and leather travelling case (shown packed, fig. 72, page 21).

Price of Barometer . . . . . . . . . . . . . £6 6 0

Ditto ditto with Brass Tripod Stand . . . . . 8 8 0

Ditto ditto superior finish ditto . . . . . . . 10 10 0

4-——Negretti and Zambra's Patent Self-Registering Maximum Thermometer,

'rma' our Ins-rstmsur or 1111-: x1x1> ADAP'rsn ron TRANSMISSION 'ro INDIA AND

run Commas. (fig. 4.)

Previous to the Great Exhibition of 1851, all persons interested in meteorological

observations were constantly annoyed by the inconvenience arising from the imperfect con

struction of Maximum Thermometers; and, although Messrs. Negretti and Zambra at that

time exhibited one or two new forms of instruments, nothing new in was brought

forward. A thermometer, old in principle, greatly improved by Negretti and Zambra,

wherein a bubble of air caused a separation in the mercurial column to form an index,

was exhibited by them; but, as the air bubble at different temperatures assumed difi'erent

lengths, it was not approved by the Jury appointed to examine Meteorological Instru

ments. The instruments invented by Dr. Rutherford and Six, as Maximum Theme

meters, had both proved inefl‘icient for the purposes required; and although the best and

most correct forms of these were also exhibin by Negretti and Zambra, they still saw

that a great want would be met if a perfect instrument could be invented to indicate
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Maximum temperatures, all the above being imperfect—Rutherford's from the tendency

of the index to plunge in the mercury, Six's from the different expansive properties of

the alcohol, mercury, 810., of which it is composed, and the one already alluded to not

only from the defects before noticed, but also from its liability to resolve itself into an

ordinary thermometer when used, unless in the hands of a skilful manipulator. How far

the New Patent Maximum Thermometer of Negretti and Zambra has supplied all these

deficiencies may be judged from the fact that in all the principal Observatories through

out the globe it is used, to the exclusion of all other: unless for the purposes of comparison.

There are now in the hands of our most scientific men upwards of two thousand two

hundred of these instruments, which have given universal satisfaction. The simplicity

of their construction enables the most uninitiated in thermometers to use them with con

fidence and safety; and another important feature in them is the impossibility of

deranging or putting them out of order, for nothing short of actual breakage can in any

way cause them to fail.

Fla. 4.

  

 

 
 

The Patent Self-Registering Thermometer consists of a tube of mercury fitted

on an engraved scale, as shown in (fig. 4). The thermometer tube above the mercury

is entirely free from air; and at the point (a) in the bend above the ball, is inserted

and fixed with the blow-pipe, a small piece of solid glass, or enamel, which acts as a

valve, allowing mercury to pass on one side of it when heat is applied; but not allowing

it to return when the thermometer cools. When mercury has been once made to pass

the valve, which nothing but heat can effect, and has risen in the tube, the upper end of

the column registers the maximum temperature. To return the mercury to the bulb,

we must apply a. force equal to that which raised it in the tube; the force employed

is gravity, and is applied by simply lowering the bulb end of the thermometer when the

gravity of the mercury in the tube will be sufficient to unite it with that in the bulb, and

thus prepare the instrument for future observation.

Directionfor using Negretti and Zambra‘s Self-Registering Maximum Thermometer,

for the Determination of the Maximum Temperature of the Aha—Suspend the thermometer

by means of two brass plates (n, 0,) attached for that purpose, in such manner that the

instrument hangs horizontally, and so placed that it is in the shade, with the air passing

freely to it from all sides; then, on an increase of heat, the mercury will pass up the tube

as in an ordinary thermometer, and continue doing so as long as the heat increases.

On a decrease of heat, the contraction of mercury will take place below the bend in

the tube, leaving the whole column of mercury in the tube, thus registering the highest

temperature, and showing such till the instrument is disturbed.

To prepare the instrument for future observations, it is only necessary to remove

the plate (0) from its hook and raise it till the instrument is nearly perpendicular, and

then to slightly agitate it while the brass plate (13) at the end is still suspended from its

hook. The mercury will then descend in the tube and indicate the temperature of the

air at that time; and, when again suspended, is prepared for future observation.

Price, mounted on Negretti and Zambrn's Patent Porcelain Scale, £1 1 0

n 2
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The following is an extract from the Report of the Astronomer Royal, published

shortly after the invention of the instrument—it, however, applies more strongly now,

inasmuch as the intervening period of seven years has fully proved the efficiency and

value of this invention:

Report of the Astronomer Royal, May, 1852.

“ We have for several years been very much troubled by the failures of the Maximum Self-Registering Thermo

meters, especially those exposed to the sun: the part of the tube in which the index ought to slide becomes foul, appa

rently lined with a coat of metal, and the index is immoveable. A construction invented by Messrs. Negretti and

Zambra appears likely to evade this diiticulty. The mercury in its expansion is forced past an obstruction in the tube,

and does not return past in its contraction. No index is required in this construction. The specimens of this instru

ment which we have tried answer well."

In the Quarterly Report of the Registrar- General, about the same time, there is the

following annotation :

“ The form of instrument adopted during the past quarter for maximum temperature is that of Negretti and

Zambra, which is found to act admirably."

J. GLAISHEB, Esq., F.R.S., in his Lectures on the Results of the Great Exhibition,

delivered at the Society of Arts, at the suggestion of His Royal Highness Prince

Albert, when speaking of Meteorological Instruments (page 368), says:

“ In maximum and minimum thermometers there was nothing new exhibited, although great need had long

existed for an effective Maximum Thermometer. Thanks to the Exhibition,however,this want has since been supplied.“

Messrs. Negretti and Zambra have invented a thermometer, the construction of which is as follows: a small piece of

glass is inserted in the bend, near the bulb and within the tube, which it nearly fills: at an increase of temperature,

the mercury passes this piece of glass; but on a decrease of best, not being able to recede, it remains in the tube, and

thus indicates the maximum temperature. After reading, it is easily adjusted. Four of these instruments I have had

at work for upwards of a month, two in ordinary observations, and two subjected to severe tests, and all have an

swered admirably. Hitherto every series of meteorological observations has been more or less broken by the frequent

plunging of the steel index into the mercury, or becoming otherwise deranged. Messrs. Regretti and Zambra have in

their Maximum Thermometer supplied a want long felt."

Extract from the Report of the Council of the British Meteorological Society, read at

a general annual meeting of its members, 1852;

“ Negretti and Zambra's Thermometer, for the determination of maximum temperature, is one of the good

results of the Great National Exhibition, which proved itself, as regarded meteorological instruments, a most useful

exponent of the insufficiency of those sold to the general public; this Thermometer is the best which has yet been con

structed for maximum temperatures, and particularly for sun observations; for as the reading is determined by the

entire mercurial column being detained at its highest point by a simple contrivance within the tube, the necessity for

an index is avoided, and with it the constant and distressing recurrence of derangement attendant upon the employ

ment of those generally in use. This thermometer, constructed and brought into operation since the close of the Exhi

bition, has been for some time in the hands of Members of the Council, but only recently among its meteorological

contributors, from its having been esteemed desirable that the Council should be well informed, by actual experiment,

of the well-working of the instrument before sanctioning its general circulation. Accordingly, in the early part of the

year, for some months several of Negretti and Zambra's Maximum Thermometers were subjected by our Secretary to

severe tests, and as the results were highly satisfactory, the Council have not only mewed this instrument as an addition

to the practical meteorologist, but strongly recommended its adoption and general use.”

Copy from the Report of the Kew Committee of the Bn'tish Association, 1 853—4:

The very ingenious instrument of Messrs. Negretti and Zambra has one quality which, as regards durability,

places it above every other form of Maximum Thermometer, for when once well constructed, it can never get out of

order,”—-the observer having first satisfied himself as to its correctness, may ever afterwards use it with confidence,

relying that his register will not be interrupted by any of those annoyances to which he may have been accustomed in

other forms of this instrument.

The following is from the late Joan Drew, Ph. D., F.R.A.S., Author of Practical

Meteorology, go, go.

“ Gssrnsxns,—In my opinion your Maximum Thermometer, as it becomes more generally known, will super

sede every other. The impossibility of the index getting out of place, how much soever the instrument maybe agitated,

will always give it the preference over every other maximum thermometer with a moveabic index."

 

Our instrument was not invented until the Exhibition had closed.

1' it is now seven years that the same thermometers have been in constant use, and the same remark applies.
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From E. J. Lows, Esq.. F.R.A.S., F.G.S., &c., &c., to Messrs. Nissan"!

and Zamnna.

“ Gnm:uzs,—It atrords me the greatest pleasure in being enabled to speak with praise regarding your Patent

Maximum Thermometer. I have used a dozen or them for some time at both my observatories, rind of these several

since the date of their invention. In no single instance has there been any cause of complaint. Within the last few

months I have carefully tested them in various ways, yet always with most sutist‘ltctory results. I can therefore any

with truth that your patent instrument is the best Self-registering Maximum Thermometer which has ever passed

through my hands; indeed, no observer can do without it."

iironrrun Honor: Onssan'ronr, sass Nonmonau,

Sephmber lat, lBCJG.

M. J. Jonxson, Esq., to Messrs. NEGRETTI and ZAMBBA.

“ sz'rtnnN,-I beg to state that your meteorological instruments, with glass mountings and graduated stems,

have been in use at this Observatory since February, and I have every reason to be satisfied with their performance,

both as regards the ordinary and the selflregistcring instruments, the Maximum Thermometer, in the latter class, is

one or your own invention and construction.”

RADCLIFFB Oasnvaroar, Oxrosn,

211mm, 1856.  
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6.—Negretti and Zambra's Patent Solar Radiation Thermometer, (fig. 6.)

This instrument has a blackened bulb, the scale divided on its own stem, and the divisions

protected by a glass shield. In use, it should be placed horizontally, with its bulb in the

full rays of the sun, resting on grass, and, if possible, so that lateral winds should not

strike the bulb. The directions for use are identical with those for the determining of

the temperature of the air. Price, £1 5 0

t‘ » l,~l

with

Fro. 7.

  

of Negretti and Zambra's blackened-bulb Radiation Thermometer (fig. 6), enclosed in a

glass tube and globe, from which all air is exhausted. Thus protected from the loss of

heat which would ensue if the bulb were exposed, its indications are from 20° to 30°

higher than when placed side by side with a similar instrument with the bulb exposed

to the passing air. At times when the air has been in rapid motion, the difference between

the reading of a thermometer giving the true temperature of the air in the shade, and

an ordinary solar radiation thermometer, has been 20° only, whilst the difference between

the air temperature and the reading of 9. Radiation Thermometer in vacuo has been as

large as 50”. It is also found that the readings are almost identical at distances from the

earth varying from six inches to eighteen inches. By the use of this improved Solar

Radiator it is hoped that the amounts of solar radiation at different pieces may be

rendered comparable; at present they are not; the results found at different places

cannot be compared, as the bulbs of the thermometers are under very different circum

stances as to exposure, and currents'of air. This new arrangement causcs the readings to

be much more uniform, and will be found a decided improvement. '

Price. £1 10 0
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s.—Minimum Thermometer (Alcohol, fig. 8).-Consists of a glass tube, the bulb

and part of the bore of which is filled with perfectly pure spirits of wine, in which floats

freely a black glass index. A slight elevation of the thermometer, bulb uppermost, will

cause the glass index to flow to the surface of the liquid, where it will remain, unless

violently shaken. On a decrease of temperature, the alcohol recedes, taking with it the

glass index; on an increase of temperature, the alcohol alone ascends in the tube, leaving

the end of the index furthest from the bulb indicating the minimum temperature.

Directions for using the Mnimum Thermometer,for the Determination of the Minimum

Temperature of the Aim—Having caused the glass index to flow to the end of the column

of spirits, by slightly tilting the thermometer, bulb uppermost, suspend the instrument

(in the shade with the air passing freely to it on all sides) by the two brass plates attached

for that purpose,—in such manner that the bulb is about half an inch lower than the

upper, or the end of the thermometer furthest from the bulb,—then on a decrease of

temperature, the spirits of wine will descend, carrying with it the glass index; on an in

crease of temperature, however, the spirits of wine will ascend in the tube, leaving that

end of the small glass index furthest from the bulb indicating the minimum temperature.

To re-set the instrument, simply raise the bulb end of the thermometer a little, as before

observed, and the index will again descend to the end of the column, ready for future

observation.

Price, in similar mounting to fig. 4, £1 1 0

FIG. 9.
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9-—Negretti and Zambra’s Terrestrial Radiation Thermometer (fig. 9). The

bulb of this instrument is transparent, and the divisions engraved on its glass stem,

similar to that for solar radiation. In use, to be placed with its bulb fully exposed to the

sky, resting on grass, with its stem supported by little forks of wood.

N.B.—By no means jerk or shake an Alcohol Minimum Thermometer when re-setting

it, for by so doing it is liable to disarrange the instrument, either by causing the index to

leave the spirits, or by eparating a portion of the spirits from the main column.

N. B.—As Alcohol Thermometers have a tendency to read lower by age, owing to

the volatile nature of the alcohol allowing particles in the form of vapour to rise and

lodge in the tube, it becomes necessary to compare them occasionally with a mercurial

thermometer whose index error is known; and if the difference be more than afew tenths

of a degree, examine well the upper part of the tube to see if any alcohol is hanging in

the bore thereof, if so, the detached portion of it can be joined to the main column by

swinging the thermometer with a pendulous motion, 6qu downwards.

Price, £1 5 0
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10.—Negretti and Zambra’s Patent Mercurial Minimum Thermometer, repre

sented by (figure 1,) has a cylindrical bulb of large size, which at first sight, might

FIG-l.
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induce the idea that the instrument would not be sufficiently sensitive,

but as length is given to the cylinder instead of increasing its diameter,

it will be found as sensitive as a bulb of the same diameter as the cylinder

employed, and much more so than an ordinary alcohol thermometer.

The reason for having the bulb large is to allow the internal

diameter of the thermometer tube being larger than that generally used
I for thermometrical purposes so that a steel index pointed at both ends,

may move freely within when required.

To \use the Thermometer, it is suspended perpendicularly (figure 1)

with the steel index resting on the surface of the mercurial column. As

the mercury in the cylinder contracts from the efiect of cold, that in the

tube descends, and the index, of its own gravity, follows it; on the con

trary, as the mercury expands and rises in the tube, it passes the index

on one side, and in rising, exerts a lateral pressure on the needle, and

jams it to one side of the tube, where it remains firmly fixed, leaving the

upper point of the needle indicating the minimum temperature. In this

thermometer, the reading is always from the upper point of the needle

and not from the mercury itself.

To extricate the Needle from the mercury, a magnet is used, when, if

the needle is embedded only a few degrees, it can readily be Withdrawn

without altering the position of the instrument. Should the magnet not

be sufficient for the purpose, we simply turn the thermometer on its

support from the upright position, slightly elevating the bulb (figure 2).

The mercury and index will then flow into the small reservoir. Should

the index not freely leave the tube with the mercury, assist it with a

magnet, and when the mercury and index are in the upper bulb (fig. 2),

apply a magnet outside, which will attract and hold fast the index; and

whilst thus holding it, again bring the thermometer to the upright

position, when the mercury will immediately fall back into the tube,

leaving the index attached to the magnet (figure 4), with which it is

guided down to the surface of the mercury, ready for another obser

vation.

Care must be taken not to withdraw the magnet until the index

is in contact with mercury, for, if released before touching, it might

plunge too deeply and give a false indication. The rule for re-setting

it will be to bring the needle point in contact with the mercury, and

then withdraw the magnet, having previously ascertained that no

particles of mercury are attached to the index.

It may sometimes, though rarely, happen, that from the time a

minimum temperature is registered by the index, and by the time an

observation is made, the mercury may haVe risen so high in the tube

as to completely pass the index, as shown (figure 3). Should it so

happen, the space which the index occupies will readily be observed, as

it will be pressed to one side of the tube, causing a different appear

ance in that part, although the point of the needle may not be seen.

If such be the case, apply a magnet to the spot where you see the
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index is fixed: this will hold the needle firmly. Then, by slightly tilting the thermo

meter bulb uppermost, the mercury will flow into the top bulb, leaving the index

attached to the magnet, and quite uncovered. Having taken the reading, draw the needle

into the top bulb, and hold it there whilst you adjust the thermometer by again bringing

- it to the u ri'ht osition.
P E: p Price, £2 2 0

 

The value of these instruments may be estimated from the following letters, received

from gentlemen by whom the thermometers have been tested since their invention :

strsnnr, [856, February 27.

u “ GENTLEMEN,—lll reply to your note just received, I beg to say that your new Mercurial Minimum Thermometer

was suspended by the side of two Minimum Thermometers of the best kind of the ordinary construction, on the day

I received it from you, viz., 1855, November 2i, and it has been examined and read every day since, during which

interval of time the temperature has varied from 16° to 60°. It has acted equally well within this range In the

course of the experiments, it was found that at times differences amounting to 2° and 30 existed in the minimum

readings between those ofthe new mercurial and old spirit thermometers. These dlfl‘erences were found due to two causes.

The one occurred at low temperatures, and on reference to independent registers, it was found that the readings of the

mercurial were right, the dlti'orence being attributable to the sluggishness of the alcohol; and, in the other case, it was

found that the index of the ordinary thermometer had unduly moved towards the bulb, the instrument having been

shaken by the wind. '

I consider the new Minimum Thermometer a very important addition—indeed a more important one than the

Maximum Thermometer of your invention, as by its means we can register all observations of temperature by the use

of one fluid, and that the recognized standard for the measurement of heat.

“ With respect to your Maximum Thermometer, it acts admirably, and leaves scarcely anything to be desired.

it has never been out of order in the four years' I have had it in constant use, and it does not seem possible to put it

out of order, except by the destruction of the instrument.

“ I am Gentlemen, your obedient Servant, _

“ JAMES GLAISHER, F.R.S.,

Secretary to the British Meteorological Society."

“ Messrs. Neon-rm and Zasrsaa, Opticians.”

The following is an extract from a letter to the inventors, Messrs. NBanana and

Zamnna, from E. J. Lows, Esq., dated Observatory, Boston, near Nottingham :

" Your patent mercurial thermometer is an admirable invention. 1 have worked it to my entire satisfaction.

I have tested its usefulness in many different ways, every one of which has been perfectly satisfactory. It is certainly a

meteorological triumph for which meteorologists must return you thanks."

The following is an extract from a paper read by Dr. LEE, President of the British

Meteorological Society, before'the British Association, Cheltenham, August 11th, 1856,

when the Mercurial Minimum Thermometer was exhibited :

“ This thermometer has a bulb of very large size, consequently allowing a tube correspondingly large in the

bore for that part forming the scale. On the surface of the mercury enclosed in the tube is placed asmall steel

needle, pointed at both ends, which forms the index. This conical needle, is capable of moving freely in the bore of

the tube, and as the mercury descends therein, will of course fall with it; but when the mercury ascends in the tube

the mercury will pass the lower pointed end of the needle, and rise above the same without raising or moving the

needle. This latter will, therefore, remain stationary, and consequently, its upper point will indicate the lower tempe

rature, to which it has descended during the twelve or twenty-four hours, and will not be effected by any subsequent

rise in temperature. To re-set the thermometer for future observation, it is necessary simply to turn it in such a

position that the mercury and needle in the tube will flow into the reservoir at the top; but should the needle not

freely flow with the mercury, it may be assisted by a magnet, and readily held there until, by re-turning the thermo

meter to the upright position, the mercury flows back again in the tube, and then with the manget the needle may

be returned to the surface of the mercury ready for future observations. Dr. Lee observed, that one of these thermo

meters had been in the hands of the Secretary of the British Meteorological Society; another at the lioysl Observa

tory, Greenwich; a third at Mr. E. J. Lowe’s Observatory, Highfleld House; and others had been used by various

members of the British Meteorological Society, all of which had acted most accurately, and in two instances had

corrected errors in the alcohol minimums which otherwise would have passed unnoticed.”

To Messrs. NEGRETTI and Zamnna:

“ GENTLEMEN,—I have undertaken a series of comparisons between your newly-invented Mercurial Minimum

Thermometer and a Rutherford’s Minimum of the best construction. There was a constant difference of a small

traction of a degree—the mercuer reading being below that of the spirit thermometer. The result has convinced me

of the trustworthiness of your new instrument; while the impossibility of its getting out of order will strongly

recommend it as the only minimum thermometer that can be moved il'o‘m place to place without derangement. I

(Signed) JOHN DREW, Yb. 1)., F.R.A.S., Author of “ Practical Meteorology,” &.c.”

° it is now seven years, and still the thermometer is perfect.
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F10. 11. ll.—Standa.rd Thermometer, (figure ll).—Divided on brass into

‘ either Fahrenheit or centigrade scale, or the divisions engraved on its own

stem.

Price, £2 2 0

N. & Z.'s Standard Thermometers, are made from selected tubes, the

internal diameter of which is ascertained, by very carefully conducted

experiments. They are also strictly tested for index error, and a copy of

the corrections furnished with each instrument.

13-—Ozonometer.— Dr. Mofi‘att's Ozonometer consists of strips of

paper, prepared with Iodide of Potassium and Starch; the papers are sus

pended in a box, or otherwise, so as to be exposed to the free acce of air,

but not to the direct rays of the sun. The paper when effected by ozone is

tinged with various shades of brown, the intensity of which is measured by

a scale of ten gradations, furnished with the ozonometer.

Price, £0 8 6

l4.—Schonbien’s, ditto ditto.

PM, £0 6 o

15.—010ne Box, constructed on the plan recommended by Dr. Mofi'att.

Price, £0 18 6

16.—Sir James Clarke’s Ozone Cage (fig- Fm. 16.

16), consists of two cylinders of very fine wire

gauze, one fitting into the other; the wire gauze

being of such a fineness as to permit the free

ingress of air, at the same time that it shuts out

all light that would act injurioust on the test paper, which

is suspended by a clip or book attached to the upper part of

the inner cylinder.

   

Pn'cc......£0180

Ditto, in copper . . l 5 0

17-—0st1er's Self-Registering Anemometer and Rain

Gauge, for showing the Direction and Force of the Wind, and

the quantity of Rain fallen in a given time, with clock-work

and all necessary apparatus complete.

  

Price, from £52 12 0

18-—Whewe11’s Self-Registering Anemometer, for showing the amount of

horizontal movement in the air, for twenty-four hours.

Price, £12 12 0 to £15 15 0

19,—Anemometer (fig. 19, Robinson’s), for ascertaining the velocity of the wind.

The readings on the dials of the Anemometer are in simple revolutions; thus a complete

revolution of the first stamped index-wheel equals 100 revolutions of the cups; the

second, 1,000; the third, 10,000; the fourth, 100,000; and necessarily in noting such

reading, it must be done backwards, according to the indications on the instrument. The

cups travel at a rate equal to one-third that of the wind, therefore the space travelled
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through by the cups mul

tiplied by three, equals

the velocity of the wind.

The cups travel through

3 .14 feet each revolution,

showing 9.42 feet of wind,

which must be referred to

time for absolute rate.

Prior, £3 3 0

  

FIG. 20.
  

~20.—Anemometer, or Wind Gauge (fig. 20,

Lind’s), for showing the pressure of the wind, con

sists of a glass syphon, the limbs parallel to each

other, and each limb the same diameter. One end of

the syphon is bent at right angles to the general

direction of the tubes, so as to present a horizontal

opening to the wind. A graduated scale, divided

to inches and tenths, is attached to the syphon tube,

reading either way from a zero point in the centre

of the scale. The whole instrument is mounted

on a spindle, surmounted by a vane, and is moved

freely in any direction by the wind, always pre

senting the open end towards the quarter from

which the wind blows. To use the instrument,

it is simply filled up to the zero point with water,

and then exposed the wind ; the difference in the

level of the water gives the force of the wind in

inches and tenths, by adding together the amount

of depression in one limb, and elevation in the

other, the .mm of the two being the height of a

column of water which the wind is capable of

sustaining at that time.

Price, £2 2 0

TABLE showing the Force of Wind on a square foot, for difl'erent heights of the column of water

in Lind’s Wind Gauge.

 

 

‘ Inches. Force in lbs. l Common designation of such Wind.

6 31-75 A Hurricane.

5 26-04 A very great Storm.

4 20~S3 A great Storm.

3 15-62 A Storm.

2 10-42 A ver high Wind.

1 5-21 A big Wind.

-5 2-6 A brisk Gale.

-1 ~52 _ A fresh Breeze._

~06 -26 A pleasant Wind.

0. 0- A Calm.
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2l.—Glgigher’s Rain Gauge (fig. 21). This Gauge is arranged for the reception

of the water only which falls upon its receiving surface, and for the prevention of loss by

evaporation. The rain is first collected in a funnel, the receiving surface of which is

turned in a lathe, and terminated at its lower extremity in a bent tube, of small aperture

(see fig), in which the last few drops of rain remain. The glass receiving vessel is

graduated to hundredths of inches, according to the calculated weight of water, as deter

mined by the area of the receiving surface. In use, the Gauge is partly sunk below the

surface of the soil, so that the receiving surface is about five inches above it. Thus

situated, no water escapes by evaporation in any month of the year. If placed differently,

the readings must be taken daily.

Price, in jnpnnned tin . . . . £1 1 0

incopper . . . . . 110 0

22.——Ra_in Gauge (fig. 229, page 36), with 12-inch funnel, mounted with a very

accurately turned brass ring, presenting a receiving surface 12-inch diameter; a graduated

glass tube, divided to inches, tenths, and hundredths of an inch, for reading by simple

inspection, the amount of rain fallen; also a brass cock for emptying the gauge without

removing its station.

Price, complete . . . . . . £2 10 0

23.——Rain Gauge, similar in form to No. '22, but without brass mountings, and

instead of graduated glass tube, it is fitted with a boxwood scale, attached to a float inside

the gauge, on which can be read off, by simple inspection, the amount of rain fallen, as

in No. 20.

Price, complete . . . i . . £1 15 6

24.—Evaporating Dish, or Gauge (fig. 24), for showing the amount of evapora

tion from the earth's surface. This gauge consists of a brass vessel, the area or
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evaporating surface of which is accurately determined; and also a glass cylindrical

measure, graduated into inches. tenths, and hundredths of inches. In use, the evaporating

gauge is nearly filled with water, the

F10. 24. quantity having been previously

measured by means of the glass

, _‘ /" / cylinder; it is then placed out of
\ K doors, freely exposed to the action

of the atmosphere; after exposure,

the water is again measured, and

the difi'erence between the first and second

1 Hi 1 measurement shows the amount of evapora

“‘ " , tion that has taken place. If rain has fallen

‘ during the exposure of the gauge, the quan

1‘ “' tity collected by it must be deducted from

the measured quantity; the amount is shown

by the quantity of rain collected in the rain gauge. The wire cage round the gauge

is to prevent animals, birds, &c., from drinking the water.

 

 

  

 

Price, with graduated measure, £1 2 6

25-—Electrometer for Atmospherical Electricity (fig. 25). This instrument is

arranged for the reception of a brass rod about two feet in length, with a clip for the

reception of a lighted cigar fusee; the electricity is collected

by the flame, and conducted down the rod to a pair of gold

leaves, which separate according to the amount; the kind is

determined by the effect of either a stick of excited sealing

wax, or a glass rod, supplied with the instrument.

Fro. 25.

  

A glass rod when rubbed produces positive electricity; a

stick of sealing-wax similarly treated produces negative; if,

therefore, when the leaves are separate, we apply an excited

glass rod, and they separate still further, the elec

tricity is ~positive; if they approach it is negative;

on the contrary, if we use a stick of sealing wax, the

leaves will separate if they are charged with negative

electricity, and converge if positively charged, from

the fact that all bodies similarly electrified repel each

other, whilst those oppositely electrified attract each

other.

‘--—~aruv2|ui---<-

Price, £1 1 0

Note.—A book containing strips of gold leaf is

sent with the Electrometer, to replace the gold leaves

when torn or broken in use.

To mount fresh gold leaves, unscrew the

brass plate to which is attached the rod support

ing the leaves; then moisten with the breath the

flat piece of brass, and press it gently down on

one strip of gold, whilst the book is only partly opened; the second leaf is attached in

the same manner. -
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Fji‘lifi' 26.-—Dry and Wet Bulb Hygrometer, or

'I‘ illi'illel’ = Psychrometre (fig. 26), consists of two parallel

" lullyi‘ thermometers, as nearly identical as possible,

H i ‘ mounted on a wooden bracket, one marked

l > I

‘ ‘ ll ‘

I ,

  ,wll'iiiiii i

Wm?!“  
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dry, the other wet. The bulb of the wet ther

mometer is covered with thin muslin, round the

neck of which is twisted a conducting thread

of lamp-wick, or common darning-cotton, this

passes into a vessel of water, placed at such a dis

tance as to allow a length of conducting thread, of

about three inches; the cup or glass is placed on

one side, and a little beneath, so that the water

within may not affect the reading of the Dry Bulb

Thermometer. In observing, the eye should be

placed on a level with the top of the mercury in

the tube, and the observer should refrain from

breathing whilst taking an observation. The

temperature of the air and of evaporation is given

by the readings of the two thermometers, from

which can be calculated the dew point, Tables

being furnished for that purpose with the instru

ment.
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Hm; “HM MMM ‘ u; ' j The above instrument as used by the members

i of the British Meteorological Society, and sup

' plied to them by Negretti and Zambra. '

1,

“ Price..'..£220
5.._,, (il‘bf‘s\ ‘ Tables for ditto . 0 2 6

J ‘r l

thermometer stand consists of a horizontal board

as a base, of a vertical board projecting upwards

from one edge of the horizontal board, and of two

parallel inclined boards, separated from each other

by blocks of three inches in thickness, connected

at the top with the vertical board, and at the

bottom with the horizontal board, and the air

passes freely about and between all these boards;

to the top of the inclined boards is connected at

small projecting roof to prevent the rain falling.

on the bulbs of the instrument, which are carried

on the face of the vertical board, with their bulbs

projecting below it, so that the air plays freely on

the bulbs from all sides. The whole frame

revolves on an upright post firmly fixed to the

ground, as shown in the engraving; and in use,

the inclined side is always turned towards the sun. Price, £2 2 o
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28-—Regnau1t’s Condenser Hygrometer, (fig. 28) consists of a tube (c), made of

silver, very thin, and perfectly polished; the tube is larger at one end than the other,

the large part being 1.8 in depth, by 8.10 in diameter; this is fitted

Fm. 28_ tightly to a brass stand (a), with a telescopic arrangement for ad

justing when making an observation.

The tube (0) has a small lateral tubulure, to which is attached

an India rubber tube, with ivory mouth piece; this tubulure enters

(c) at right angles near the top, and traverses it to the bottom of

largest part.

A delicate thermometer (n) is inserted in through a cork, or

India rubber washer, at the'open end of the tube (0), the bulb of

which descends to the centre of its largest part.

(a) is an attached thermometer for taking the temperature of the

air, and (r) is a bottle containing tether. “

To use the Condenser Hygrometer, a sufi‘icient quantity of tether

is poured into the silver tube to cover the thermometer bulb: on

allowing air to pass bubble by bubble through the nether, by breathing

in the tube (a), an uniform temperature will be obtained; if the,

act-her continues to be agitated, by breathing briskly through the tube _

a rapid reduction of temperature will be the result; at the moment

the arther is cooled down to the dew-point temperature, the external

surface of that portion of the silver tube containing the tether will

become covered with a coating of moisture, and the degree shown by

the thermometer, at that instant, will be the temperature of the

dew point.

This form of Hygrometer, for ascertaining by direct observation

the dew point, is so superior to “ Daniell's," both from its being more

certain in its indications, and economical in use, that Messrs. Negretti

and Zambra have been induced to modify it, and reduce its price to

_ little more than that of a good Daniell‘s Hygrometer.

Price, £3 3 0

  

29.—-Da.n_iell’s Hygrometer, for ascertaining the dew point by direct observation

Price, £2 12 6

30.—Apparatus for Determining Elevations by the Temperature of the

Boiling.point of Water, The Barometrical Thermometer, or Hypsometrical Apparatus,

as constructed by Negretti and Zambra, is intended to meet the requirements of

travellers in circumstances where the mercurial barometer cannot be conveniently

employed. The instrument is very portable, and affords a ready and accurate means

of measuring heights by observations of the temperature of boiling water. The

apparatus is shown in section (fig. 30). It consists,—

First,—of a very delicate thermometer, about 12 inches long, the scale ranging from

180° to 212’, having each degree subdivided so as to show distinctly 0°'l.

Secondly,—a copper boiler (0) attached to a small stand; from the top of

the boiler proceeds a three-draw telescopic tube (a as), open at top; this tube is

surrounded by a second (I) n n) similarly constructed, and screwed at the top of the boiler;

the outer tube has two openings, one at the top through which the thermometer (s n) is
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inserted, passing down to within an inch of the water in the boiler,

and supported by means of an India-rubber washer, as shewn in

Flo. 30.

(fig. 30;) the second opening forming an outlet for the steam, as

shown at (o). The object of the double tube is to ensure a

steady boiling-point, which it would be impossible to obtain in open

air experiments, were only a single tube employed. (A) .is a metal

lic spirit lamp, surrounded with wire gauze (n) to prevent the flame

being extinguished when experimenting in the open air! The

whole instrument when packed for travelling is shown, drawn to

a smaller scale, in (fig. 30a). Each instrument is furnished with

a carefully computed set of tables, from which may be obtained,

by an easy calculation the elevation corresponding to any observed

boiling point, between the temperatures of

180° and 212". FIG- 30a

To use the boiling point Apparatus, it is

simply necessary to pour into the boiler,

through the small opening (r) on its surface,

a sufficient quantity of water to fill it about

one-third, and afterwards close it by means of

the screw for that purpose; the lighted spirit

lamp is then applied, and when the water is

made to boil, the steam rises, surrounding the

bulb and tube, and descending between the

two tubes, issues from the opening at (G)

After a few seconds, the mercury in the

thermometer will rise and become stationary;

the degree indicated by it must. then be noted,

when, by reference to the tables, the elevation

of the spot where the experiment has been

performed may be obtained.

The temperature of the air should be observed by a common thermometer at the

game time_ ' Price, with ordinary Spirit Lamp . . . . £5 5 0

With Russian Spirit Fnrnm'e‘ . . . 6 10 0

31.—Actinometer, Sir JOhn Herschell’s, for ascertaining the absolute heating

effect of the solar rays, in which time is considered one of the elements of observation.

The Actinometer consists of a large cylindrical thermometer bulb, with a scale consider

ably lengthened, so that minute changes may be easily seen. The bulb is of transparent

glass filled with a deep blue liquid, which is expanded when the rays of the sun fall direct

on the bulb. To take an observation, the Actinometer is placed in the shade for one

minute and read off, it is then exposed for one minute to sunshine, and its indication

recorded; it is finally restored to the shade, and its reading noted. The mean of the two

readings in the shade, subtracted from that in the sun, gives the actual amount of ex

pansion of the liquid produced by the sun's rays in one minute of time. For further

information, see “Report of the Royal Society on Physics and Meteorology."

Price, £7 7 9
Jamismmznm Zsmiliuiisini Lilli—>11wmetml'm—rmsmtheIuslin

furnace is to cause the water to boll rapidly; when that has been accompllshed, the small lamp ls lighted, and placed

over the blast from the furnace, whlch lt extlngulshes, at the same time lts flame ls sufficient to keep the Water

bolllng.

  

  
H.N£GRETYIL‘ZAMERA.

IIJlAl’IDInasal.v.on
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32.—HYGROMETRICAL TABLES,

Adapted to the use of Negretti and Zambra's Wet and Dry Bulb Thermometer,

BY JAMES GLAISHER, Esq, F.R.S.

Price, £0 2 6

33.—-TABLES FOR CALCULATION OF HEIGHTS FROM OBSER

VATIONS ON THE BOILING POINT OF WATER,

Adapted to the. use of Negretti & Zambra’s Boiling Point Apparatus.

Price, £0 1 0

34.—TABLES OF THE CORRECTIONS FOR TEMPERATURES,

To reduce observations to the 32° Farenheit, for barometers with brass scales extending

from the cistern to the top of the mercurial column,

Bx JAMES GLAISHER, Eso., F.R.S.

Price, £0 1 0 '

35.—-TABLE OF THE DIURNAL RANGE OF THE BAROMETER,

Br JAMES GLAISHER, Eso., F.R.S.

Price, £0 0 6

36.—“PRACTICAL METEOROLOGY,”

BY JOHN DREW, Ph.D., ERAS.

On the Laws of Heat as afi'ecting Atmospheric Changes—Instruments of Observation

described—Deductions from Observations on the Thermometric, Hygrometric, Baro

metric, and Electric Condition of the Air—The present state of Meteorology in this

country—Description of the Photographic Registration of Phenomena at the Royal

Observatory, Greenwich.

Price, £0 5 0

37.—A THERMOMETRICAL TABLE,

ON THE scams OF FAHRENHEIT, REAMUR, AND CENTIGRADE,

Comprising the most remarkable Phenomena connected with Temperature in relation to

Climatology, Physical Geography, Chemistry, and Physiology.

\

BY ALFRED S. TAYLOR, Esq.

Rice, in Sheet, with explanatory Pamphlet, £0 1 6

 

NOTICE.—As the greatest possible care is taken in packing Meteorological Instruments and

Apparatus, and none but experienced packers employed, Negretti and Zambra cannot hold themselves

responsible for any damage or breakage that may occur in transit, through the rough usage of rail

way porters, or carriers, &c.

For India, N. and Z. would advise Meteorological Instruments being forwarded per chip, in

preference to the Overland route, as by the latter, goods are more exposed to injury from the

numerous transhipments to which they are subjected.

N, and Z. having correspondence in nearly every part of the globe, can, for very little extra

charge, guarantee the safe transmission of Instruments. .

Full and explicit directions should accompany orders as to the address, mode of conveyance,

or shipment.
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BAROMETERS, THERMOMETERS, AND

HYGROMETERS,

VACUUM AND STEAM PRESSURE GUAGES.

Separate from the Standard Meteorological Instruments described in the fore

going pages, there are others which partake of a more general character, and are used

by the husbandman, the mariner, and thc nrtizan, entirely as “ WEATHER GLASSES; ”

these Barometers and Thermometers, with others for special purposes, form a second

portion of this Catalogue. Each Instrument is arranged so as to suit it for the

particular work it has to perform.

Barometers can be supplied to order of any style of architecture, so as to correspond with the

furniture of libraries, halls, &c., or to drawing from design. Barometers are now mounted in

so many varied styles, both plain and carvcd, that the following are given only as being those

most in demand.

BAROMETERS.

FIG. 60. FIG, 51. F10. 56.
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DIAL BAROMETERS,

0r Weather Glaases.

Each. Elnh.

£ a. d. L“ a. d.

50 8-in. Silvered Brass Dial Barometer, mounted in common

mahogany or rosewood frame, with or without mirror,

hygrometer, and level (fig. 50) . . . . . l 5 0 to l 10 0

51 8-in- Silvered Brass Dial Barometer, mounted in common

mahogany or rosewood frame, with or without mirror,

hygrometer, level, and square bottom (fig. 51) . . l 10 0 2 2 0

52 Ditto, superior finish, best engraving, and large tube, '

(fig. 51) . . . . . . . .

53 10-in-Si1vered Brass Dial Barometer, in common maho

gany or rosewood frame, with or without mirror, hygro

meter, and level (fig. 50) . . . . . . 1 I5

54 Ditto, square bottom, (fig. 51) . . . . . .

55 Extra best ditto, both as regards frame, dial, engraving, and

tube, (fig.5l) . . . . . . . . . 3 10 0

H-ln. dlnl of the some patterui. fl-om lba. to £1 5:. extra.

00 NM

>-a

00! 0Q

FIG. 60.
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56

57

59

60

8-in. Scroll Pattern Dial BMOIIIGWI', best mahogany or

rosewood frame, silvered brass dial, elegantly fitted up

with thermometer, (fig. 56 or 57) . . . . .

Ditto, with black enamel figures and divisions on porcelain

dial, and thermometer in front, (fig. 56) . . . .

Ditto, rosewood frame inlaid with pearl, with silvered brass

dial, and thermometer in front . . . . .

lO-in. ditto, best rosewood frame inlaid with variegated pearl

and brass, the dial of silvered brass, with thermometer,

double basil ring, and polished-edge plate glass, superior

finish, (fig. 59) . . . . . . . .

l2-ln. dlal dltto, at proportlmmtu prlees.

14-inch best rosewood frame inlaid with variegated pearl and

brass, the din] of silvered brass, and an eight-day pendulum

clock fitted in the frame, thermometer, 8w. (fig. 60). .

Sultable for club-houses, mansions, h.

hill—Din. BABOMETEILS roqulred for trnnamlsalon in distant parts,

such as India or the colonies. should be ordered manly,” In that

case they will he thrnlahed with steel stopcock, to render them

portable more ell'ectuully than can be done by the old method of

plugging the tube‘ These nddltlons will enhance the prloe ofeach

hnromctor, 7s. 64.

Each.

£ a. d. .6

2 10 0 3

3

3 O 0 4

6

l5 0 0 ’0

Each.

8.
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vm'lYZ'_ rev ‘, V:

PORTABLE PEDIMENT BAROMETERS.

Each. Each.

.5“. a. d. .6 s. d.

61 Small Portable Barometer, mounted in mahogany frame,

with ivory scale and sliding index . . .

Ditto, larger size, with vernier reading to -,-}Tc,th of an inch,

thermometer, and screw to render it portable . . . l l 0

63 Solid Mahogany or Rosewood Barometers, with tube

0-25-in. diameter,ivory scale, thermometer, sliding vernier

reading to reath of an inch, the tube visible throughout

the whole length, and portable screw (fig. 63) . . . 2 2 0

64 Ditto with tube covered and glass cover over the face, rack

work vernier, thermometer in front, with glass cover,

(fig. 64) . . . . . . . . . . 2 10

65 Ditto ditto, with square moulded top and two verniers . 3 0 0 3 10 0

66 Ditto ditto, bow-front,with 0~40-in. diameter tube, double

rackwork vernier, the scales elegantly engraved on ivory

plates, portable screw and thermometer, in oak, mahogany,

walnut, or rosewood frame (fig. 66). . . . - 4 0 0 5 0 0

67 Portable Rosewood Barometer, elegantly fitted up, in

laid with pearl, thermometer in front, ivory scale, rack

work vernier reading to xinth of an inch (fig. 67) . . 4 0 0 5 5 o

68 Portable Barometer, Gothic pattern, in either rosewood,

mahogany, or oak frame, ivory scales, with two rackwork

verniers reading to sloth of an inch, German silver

fittings (fig. 68) . . . . . . . .

69 Large Barometers, fitted in oak, mahogany, walnut or ebony

frames, the tube 0-5-in. in internal diameter, and the cistern

presenting an area of 3-inches, to ensure uniformity in

reading, engraved ivory or patentporcelain scales, and two

verniers working by rack and pinion, reading to 1,17,,th of

aninch..........660 880

70 The Fisherman’s Barometer, as made by Negretti and

Zambra especially for the Board of Trade, to be fixed

at all the principal fishing stations on the British coast . 5 5 0

This barometer eonslsm of n large tube '300-ln. bore, mounted in a

solld oak frame, firmly screwed together, with scales engraved on

porcelain by Negrettl and Zambra‘s new patent process. It is

strongly recommended am a good sound worklng instrument.

admirably adapted for use in publlc institutions.

6
Ni

O

MOUNTAIN BAROMETERS.

71 Negrotti and Zambra’s Standard Mountain Barometer,

the only portable instrument made possessing all the

essentials of a standard barometer (fig. 71), see page 2 . 8 8 0

With mahogany trlpod stand which forms a travelling case.
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Fro. 72.

 

72 Gay-Lassac's Syphon Barometer, with his original im

provement for excluding the air from the column of

mercury; running rackwork verniers at each extremity;

a thermometer in the centre; the tube so constructed that

the barometer will travel safely; reading to Khth of an

inch, either from the centre by adding the two readings

together, or from the whole length of the column by

snbstracting the bottom reading from the top; (fig. 72) .

In brass frame and leather sling case.

73 Ditto ditto, with brass tripod stand and superior finish

74 Mountain Barometer, with turned wooden frame, having

brass shield and portable screw; brass scale, reading by

vernier to Riliuth of an inch; and detached thermometer.

(fig. 74) .
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\I

in

76

77

78

79

  

MARINE BAROMETER.

Marine Barometer, in mahogany, rosewood, or oak frame,

with ivory scale, sliding vernier, thermometer, and brass

arm jimble, for suspension, complete (fig. 75) . . .

Marine Barometer, round, moulded, or carved top, with

rackwork to vernier, theimometer in the front, and

capillary tube to prevent the ingress of air into the

column, even during the most violent oscillations of a

storm (fig. 76) . . . . . . .

Ditto ditto, in carved frame, or inlaid with pearl

Marine Barometer, with sympiesometer in front, combining

the mercurial with the air barometer, and serving to

check one with the other; the tube of the sympiesometer

constructed and laid off with the greatest accuracy by

actual experiments . . . . . .

Board of Trade Standard Marine Barometer, brass

frame with iron cistern, as made by Negretti and Zambra

for Her Majesty's Government .

In travelling case, with lock and key.

Each.

£s.

5 5

d.

0

Each .

£a. d.
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8O

81
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83

85

86

87

88

89

91

F10. 82.
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SYMPIESOMETERS.

Sympiesometers, in best rosewood or mahogany frames,

brass silvered plates, with registering index, plate glass

front . . .

Ditto

scale . . . . . . . . .

Small Sympiesometer, with ivory plates, in morroceo case,

uitable for travelling and for the pocket, lO-in. long,

(fig. 82) . . . . . .

Aneroid Barometers, with card dials (fig. 83)

Ditto, with silvered metal dials .

Ditto, with metal dials and thermometer . . . .

Ditto, for measuring heights, with vernier, and compensated

for temperature, as supplied by Negretti and Zambra to

the Royal Navy . . . . . .

Bourdon's Barometera, card dial . . .

Ditto, metal dial and plate glass front . . . . .

Table Stands in walnut, ebony, or mahogany, for either of

the Aneroid or Bourdon’s barometers .

Storm Glass, or chemical barometer

Ditto

ditto, with rack work movement to the barometer

ditto, mounted in mahogany frame

Each .

$3 I. II.

2100

0126

  

£

@9in

bank

000

Each.

10

10

10

10

15

CA

10

d.

COCO

O
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92

93

94

96

97

98

99

100

101

102

103

104

105

106

107

  

THERMOMETERS.

6 or 8-in. Boxwood Scale Thermometer, (fig 92) . .

6 or 8-in. ditto, with enamel tube, and French polished scale

6 or 8-in. ditto, with enamel tube, and French polished scale,

best make . . . . . . . . .

6 or 8-in. ditto, with enamel tube, the scale bevelled at the

edges, very superior (fig. 95) .

  
Fm. 96.

PORTABLE OR POCKET THERMOMETERS.

3 or 4-in. Ivory or Metal Scale, in Morocco leather

6-in. ditto ditto . . . . .

8-in. ditto ditto (fig. 98) . . . . . .

Oval Boxwood, with tube and bulb sunk in the solid wood,

to prevent breakage in travelling (fig. 99)

Oval Ivory ditto . . . . . . . .

Circular Thermometer, with ivory scale in leather case,

2-in. in diameter . . . . . .

Ditto, 8-in. in diameter, with compass in centre . .

Ditto, 3-in. in diameter, with compass and sun dial in centre

Compound Bar Metallic Thermometer, in the form of a

watch . . . . . . . . .

Negretti and Zambra’s Improved Travelling Thermo

meter, in plated metal or silver ease, (fig. 105)

Not larger than a pencil ease; scale accurately divided on its own stem.

Negretti and Zambra’s ditto ditto, in bronzed brass re

volving case, 4 to -7-in long (fig. 106) . . . .

Ditto, German silver . . . o o

O

O

t};

14

10

10

10

Flo. 106.

  

00 q

10

O 10

18O

015
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' 108

109

110

111

112

118

114

F10. 106.

  

DRAWING ROOM THERMOMETERS.

6 or 8-in. Ivory Scale on Ebony Back

lO-in. ditto, extra large .

Ivory Scale on Ebony Stand,

use, (fig. 110) . . . .

Ditto, on solid ivory stand . . . . . .

Ditto, handsomely engine-turned, and ornamented in nume

rous designs, (figs. 112 and 112A) . . .

Ditto, with compass or sun dial at top, (fig. 113) .

10 or 12-in- Glass Scales Thermometers, superior work

manship and elegant appearance, on oak, mahogany or

ebony backs, with Negretti and Zambra's enamelled tubes

(fig. 114)

FIG. [19.

with glass shade for table

LNJAVII

 

  

07

018

110

15
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115

116

117

118

119

120

121

122

123

124

125

126

WINDOW THERMOMETERS,

FOB OUT-BOOB USE.

8-in. Ivory Scale, enclosed in glass cylinder, on oak bracket,

with metal top, (fig. 115) . .

lO-in. ditto ditto

12-111. ditto ditto . . . . . . .

lO-in.,12-in., or l4-in. Patent Porcelain Scale mounted

on oak or mahogany bracket, with brass supports for

fixing at any angle, (see fig. 119) . . . . .

Ditto Glass Scale, with enamel tube, the scale divided by

engine, and handsomely mounted on oak bracket with

brass supports, (fig. 119)

Each .

£5.

015

018

210

SELF-REGISTERING THERMOMETERS,

FOB HEAT

Rntherford’s, on boxwood or metal scale, with steel index

(fig. 120) . . . . . . . .

Ditto, on Negretti and Zambra‘s patent porcelain scale in

metal case . . . . . . .

Phillips’, on boxwood or metal scale, with air index .

Ditto, on Negretti and Zambra’s patent porcelain scale, in

metal case . . . . . . . .

Negretti and Zambra’s Patent Maximum Thermometer

Ditto ditto, for solar radiation

Ditto ditto, in vacuum . . . . .

See Meteorological Instruments.

Fro. 120.

 

 

 

 

 

 

  

 

d.

0

£0.

0 10

18O
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p. 0
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127

['28

129

130

131

132

133

134

136

136

137

138

139

SELF-REGISTERING THERMOMETERS,

POE COLD.

Butherford’s, on boxwood or metal scale, with glass index

(fig. 121) . .

Ditto, on Negretti and

metal case . . . . . . . . .

Negrottiand Zambra’a Standard Minimum Thermometer

Ditto ditto, for terrestrial radiation

Negretti and Zambru's Patent Mecurial

Thermometer

See Meteorological Instrumenu.

Zambra’s patent porcelain scale, in

Minimum

Negretti and Zambra’s Horticultural Thermometer

(fig. 132)

Strongly recommended In all the leading Horticultural Journals as the

cheapest and best thermometer or the kind for garden purposes.

SELF-REGISTERING THERMOMETERS.

FOR HEAT AND COLD.

Six’a lO-in on Boxwood 01' Metal Scale, in japanned case

Ditto 12 or l4-in. ditto ditto (fig. 134) .

Ditto lO-in. on Ivory ditto . . . . .

Copper was as. extra.

Ditto, Ivory Scale on Ebony Back, for indoor use (fig. 136)

Ditto Negretti and Zambra's patent porcelain scale, on

oak back . . . . . . . .

Ditto ditto, in metal cases, as fig. 134 . . .

Negrotti and Zambra’s small size Patent Maximum and

Minimum Thermometer, arranged in a mahogany or

leather case . . . . .

Well suited for travellers in whom v“in and weight in An object.

0180

0150

0150

£

010

l

5

l

l

  

In

Each.

6

(av-1

10

d.

O
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147

148

149

150

151

152

163

154

155

  

. 148.

141 lO-in. ditto

lO-in. ditto

12-in. ditto

l4-in. ditto

brass cylinder .

Thermometer, for ascertaining the temperature

at various depths, 5-ft. long (fig. 148) . . . . l 5

142 12 to 14-111. ditto . . .

8-in. on Negretti and Zambra‘s patent porcelain scales

ditto . . . . . . . .

ditto

ditto

Hot Bed Thermometer, in

Fro. 134.

 

  

 
 

  

 
 

BOTANICAL TIIERMOMETERS.

Each .

£0.

140 8-in. Boxwood Scale, in metal cases, range of scale,

0 to 120° or 150°

ditto . .

ditto .

mahogany frame, encased in

. . . 0 18

of the earth

10

Delicate Thermometers, for inserting in the stems and

flowers of growing plants

8-in. Brass Scales, in japanned metal

ditto . . . . . .lO-in. ditto

12 and 14-in. ditto

8-in. ditto, in copper cases enamelled tubes

ditto .lO-in. ditto

12 and 14-in. ditto

10

BREWERS’ THERMOMETERS.

ditto

OOOQOO
quit-muse

mascaasmo oooooo
oooczqoaca

ditto .

CDCIOQCDQQ
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Each. Each.

£ a. d. S s. d.

156 Standard Reference Thermometers . . . . l 1 o

157 8-in. Porcelain Scales Negretti and Zambra's patent,

in japanned metal cases . . . . . 0 4 6

158 lO-in. ditto ditto . 0 5 6

159 12 and 14-111. ditto ditto 0 7 6

160 8-in. ditto, copper cases 0 5 6

161 lO-in. ditto ditto . . 0 7 0

162 12 and 14-in. ditto ditto (fig. 162) . . 0 10 6

163 Gyle Tun Thermometers, according to length, (fig. 148) . 0 15 0 1 10 0

Fro. 162.

Fro. 164.

BATH THERMOMETERS.

Same price and form as Brewera' Thermom'ters, (fig. 162.)

164 Floating Thermometers, for keeping constantly in water,

(fig. 164) . . . . . . . . . 0 7 6

CHEMICAL AND SURGICAL THERMOMETERS.

165 Chemical Thermometer with Boxwood Scale, graduated

to 300°, the bulb projecting below the scale . . . 0 2 6

166 Ditto, graduated to 400° . . ‘ . . . . .

167 Ditto, with brass hinge and jointed boxwood scale, to 600°

(fig. 167) . . . . . . . . . . 0 7 6

168 Ditto, superior enamel tube, and French polished 0 10 6

169 Ditto, graduated on stem for inserting in the tubulure of

retorts, to 400°, (fig. 169). . . . . . o 5 6

170 Ditto ditto, to 600° . . . . . . 0 7 6

171 Ditto, best make and engine divided 0 10 6
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£ 3. d. 5 a. d.

172 Thermometers insulated in Glass Cylinders, for acids,

40° to 212“, (fig. 172) . o 5 0

173 Ditto, 40° to 300 . . . . . . . . 0 5 6

174 Ditto, 40° to 600° . . - . . . . . 0 7 6

175 Delicate Thermometers of various forms, for ascertaining

the heat of the body . . . . . . . 0 10 6 0 15 0

176 Ditto, Negretti and Zumbra's patent self-registering . . l I 0

MARINE THERMOMETERS.

177 Deep Sea Sounding Thermometer, in copper case . 1 10 0

178 Ditto, self-registering, with valves andpatent porcelain scales,

as made and supplied to the Board of Trade and Admiralty,

by Negretti and Zambra, (fig. 178) . . . . 2 2 0

179 Board of Trade Thermometer, the scale divided on its

own stem, and fixed on Negretti and Zambra's patent

porcelain scales, in japanned metal case . . . . 0 7 6

ISO Ditto, copper case . . . . . . , . 0 3 (g
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181

182

183

184

185
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193

Fm. 193.
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THERMOMETERS FOR SPECIAL PURPOSES.

Oven Thermometers for high temperatures, on stand

Ditto, self-registering . . . . . -

Milk ditto for dairy use

Patent ditto for soap boilers . . . . .

Sugar-Boiling Thermometer, 3 to 4-1t. long, graduated

to 280° (see fig. 148) . . . . . . .

Steam Pressure Thermometers, in strong brass cases, with

plug for closing the boiler when the thermometer is not

in use (fig. 186) . . .

Vacuum Pan Thermometers, in

hinged doors

Beehive Thermometers . . . . .

Boiling Point Thermometers, for determining heights by

observing the boiling point of water, divided to 0'1 degrees

Ditto, fitted with boiler lamps and all necessary apparatus,

in mahogany or leather case (see figs. 1 and 2, page 16) .

Standard Thermometers . . . . .

See Meteorological Instruments.

Alcohol Thermometers, for low temperature, scale 80° to

+100

Leslie’s Dilferential Thermometers, for experimems on

radiation (fig. 193) . . . .

strong brass cases, with

1

in!

Each.

10

10
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�t�i�o�n�a�n�d�a�b�s�o�r�p�t�i�o�n�o�f�h�e�a�t �. �.
�T�h�e�r�m�o�m�e�t�e�r�,�i�n �b�r�a�s�s�f�r�a�m�e�,�f�o�r �h�o�t�a�i�r �a�p�p�a�r�a�t�u�s�a�n�d

�h�i�g�h�t�e�m�p�e�r�a�t�u�r�e�s�(û��g�.�1�9�8�) �.

�P�Y�R�O�M�E�T�E�R�S�.

�D�a�n�i�e�l�l ��s�,�f�o�r�i�n�d�i�c�a�t�i�n�g�h�i�g�h�t�e�m�p�e�r�a�t�u�r�e�s�.
�W�e�d�g�w�o�o�d ��s�,�d�i�t�t�o �d�i�t�t�o �.
�F�e�r�g�u�s�o�n ��s�,�f�o�r �s�h�o�w�i�n�g�t�h�e �d�i�f�f�e�r�e�n�c�e

�m�e�t�a�l�s
�o�f �e�x�p�a�n�s�i�o�n�i�n

�H�Y�G�R�O�M�E�T�E�R�S�.

�F�1�0�.�2�0�4�.

� � 
�.

� 
� � � � 

�u�u�m�"

�I�I�I�-�I�'�l�l�!
� � 

� 

�n�u�n�-�"�n�u�n�"

� � � 

�2�0�2 �T�h�e�O�a�t�-�b�e�a�r�d�H�y�g�r�o�m�e�t�e�r�,�o�r �D�a�m�p�D�e�t�e�c�t�o�r�,�a�s�i�m�p�l�e
�a�n�d�u�s�e�f�u�l�i�n�s�t�r�u�m�e�n�t�f�o�r �a�s�c�e�r�t�a�i�n�i�n�g�t�h�e�c�o�m�p�a�r�a�t�i�v�e
�d�r�y�n�e�s�s�a�n�d�d�a�m�p�n�e�s�s�o�f�d�i�f�f�e�r�e�n�t�a�p�a�r�t�m�e�n�t�s�,�b�e�d�s�,�e�t�c�. �.

�S�i�z�e�o�f�a�s�m�a�l�l�w�a�t�c�h�,�f�o�r�t�h�e�p�o�c�k�e�t�.

�i�i

�p

�E�a�c�h�.
�I�. �(�1�.

�E�a�c�h�.
�1�1�.
�6

�F�I�G�.�2�0�8�.

� � 

�0�1�0�6



�1�0�7�,�H�O�L�B�O�R�N�H�I�L�L�,�1�, �H�A�T�T�O�N�G�A�R�D�E�N�,�A�N�D�5�9�, �C�O�R�N�H�I�L�L�,�L�O�N�D�O�N�.�3�3

�2�0�-�1

�2�0�5

�2�0�6

�2�0�7

�F�1�0�.�2�0�5�.

� � 

�S�a�u�s�s�u�r�e ��s�H�y�g�r�o�m�e�t�e�r�,�f�o�r �s�h�o�w�i�n�g�c�h�a�n�g�e�s�i�n �t�h�e
�h�y�g�r�o�m�e�t�r�i�c�c�o�n�d�i�t�i�o�n�o�f �t�h�e�a�t�m�o�s�p�h�e�r�e�,�b�y�t�h�e �c�o�n
�t�r�a�c�t�i�o�n�a�n�d�e�l�o�n�g�a�t�i�o�n�o�f �a �h�u�m�a�n�h�a�i�r�,�w�i�t�h�t�h�e�r�m�o
�m�e�t�e�r�a�t�t�a�c�h�e�d�t�o�t�h�e�s�c�a�l�e�(û��g�.�2�0�3�) �. �.

�W�e�t�a�n�d�D�r�y�B�u�l�b�H�y�g�r�o�m�e�t�e�r�,�s�o�m�e�t�i�m�e�s�c�a�l�l�e�d�M�a�s�o�n�'�s
�I�l�y�g�r�o�m�e�t�e�r�(û��g�.�2�0�4�) �. �. �. �.

�S�e�e�M�e�t�e�o�r�o�l�o�g�l�c�e�l�I�n�s�t�r�u�m�e�n�t�s�.

�D�i�t�t�o�,�a�r�r�a�n�g�e�d�o�n�b�r�a�s�s�t�r�i�p�o�d�s�t�a�n�d�,�w�i�t�h�f�o�l�d�i�n�g�l�e�g�s�,�a�n�d
�m�e�t�a�l�c�o�v�e�r�f�o�r�p�r�o�t�e�c�t�i�o�n�(û��g�.�2�0�5�) �. �. �.

�D�a�n�i�e�l�l ��s�H�y�g�r�o�m�e�t�e�r�,�f�o�r �a�s�c�e�r�t�a�i�n�i�n�g�t�h�e �d�e�w�p�o�i�n�t�b�y
�d�i�r�e�c�t�o�b�s�e�r�v�a�t�i�o�n�(û��g�.�2�0�6�) �.

�R�e�g�n�a�u�l�t ��s�C�o�n�d�e�n�s�e�r�H�y�g�-�r�o�m�e�t�e�r
�S�e�e�M�e�t�e�o�r�o�l�o�g�i�c�a�l�I�n�s�t�r�u�m�e�n�t�s�.

�L�e�s�l�i�e ��s�T�h�e�r�m�o�m�e�t�r�i�c�H�y�g�r�o�m�e�t�e�r�(û��g�.�2�0�8�)

� � 
�.�r�- ��W�'�_�_�_�_�.�_�J�:�.�.

�_�.�-�.�.�_�;�. ��. ��.�.�n�n�.�.�. ��_

�E�a�c�h�.
�1�5 �s�.

�0�1�2

� � 

�0�!�. �£

�2
�3

�E�a�c�h�.

�8�.

�1�2
�3

�0�1�5

�d�.

�C�O

�S�T�E�A�M�,�V�A�C�U�U�M�,�H�Y�D�R�A�U�L�I�C�,�R�A�I�N�,�A�N�D�G�A�S�P�R�E�S�S�U�R�E�G�A�U�G�E�S�.

�S�T�E�A�M�G�A�U�G�E�S�.

�2�0�9�S�t�e�a�m�G�a�u�g�e�s�(û��g�.�2�0�9�)�,�f�r�o�m�1�5�t�o �1�2�0�-�l�b�s�.�,�w�i�t�h�m�e�r

�2�1�0
�2�1�1

�c�u�r�i�a�l�t�u�b�e�,�a�n�d�u�n�i�o�n�j�o�i�n�t�,�a�d�a�p�t�e�d�e�i�t�h�e�r�a�t �b�o�t�t�o�m�o�r
�a�t�t�h�e�s�i�d�e�o�f�f�r�a�m�e�: ��i�n�m�a�h�o�g�a�n�y�f�r�a�m�e

�D�i�t�t�o �d�i�t�t�o �i�n �i�r�o�n�d�i�t�t�o�.
�D�i�t�t�o �d�i�t�t�o �i�n �b�r�a�s�s�d�i�t�t�o

�:�l�Q�N�d�l�'�O �\�I�w

�|�-�I
�0 �G�0�0

� 
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GUN METAL IVATER GAUGES.

_‘ QT" ~ ||

0 1 W O

In1 H "AW 212 On an improved principle, with ebony handle

spanners, complete with glass tube and

1 vulcanized rubber rings :—

3?) g-in. g-in. g-in, g-in.

l 30/ 35/ 40/ 48/

Each. Each.

E a. d. .C s. d.

Thermometric Pressure Gauge, for shewing the pressure

of vapour by taking its temperature (fig. 186) l 5 0 2 0 0

Schaeffer’s Patent Metallic Pressure Gauge, with gradu

ated dial, ranging from zero to 30, 50, 80, 100, and

upwards,- to 300 pounds on the square inch . . 4 0 0

Ditto, for hydraulic pressure, to 3,000 pounds . . . 10 10 0

Bourdon'e Pressure Gauge, with metal taps, adapted for

all pressures below nine atmospheres, in varnished cast

iron box . 2 10 0

Ditto ditto in round brass box . . . . . 3 5 0

Small portable ditto, to ten atmospheres, with steel screws

and plates for fixing to the machines, in case complete 3 lo

Ditto ditto to eighteen atmospheres . 3 10



101, HOLBORN HILL, 1, HATTON GARDEN, m, 59, CORNHILL, LONDON. 35

VACUUM GAUGES.

Each. Each.

:3 a. (1. £ a. d.

220 Vacuum Gauge in mahogany or oak frame, for general

purposes . . . . . . . . . . 2 2 0

221 Ditto ditto in iron frames . . . . . 2 7 6

222 Ditto ditto in brass ditto . . . . . 2 10 0

These Gauges are the same form as (fig. 209)

223 Sugar Pan Vacuum Gauge, the tube and scale enclosed in

stout glass cylinder and brass frame, with door and hinges

complete, with ground plug and stop-cock for fitting it to

the pan (fig. 223) . . . . . . . . l 10 0 2 10 0

224 Marine Vacuum Gauge in oak frame, iron cistern, stout

glass tube, gun metal taps, and patent porcelain scales

divided to rfinth of an inch, with mercury complete . . 4 4 0

F10. 223. F10. 225.

Fm. 226.

  

GAS PRESSURE GAUGES.

225 Gas Pressure Gauge, with 6 to 8-inch glass syphon, box

wood scale divided to inches and tenths, and brass

mountings (fig. 225) . . . . . . . 0 4 6 0 10 6

With ivory scale, is. to 25. extra.

226 G88 Inspector's Gauge, with fittings complete in leather

case (fig. 226) . . . . . . . . l 10 O 2 0 0
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�3�6 �S�C�I�E�N�T�I�F�I�C�I�N�S�T�R�U�M�E�N�T�S�M�A�N�U�F�A�C�T�U�R�E�D�B�Y�N�E�G�R�E�T�T�I�&�Z�A�M�B�R�A�,

� � 

�2�2�7

�[�Q�I�t�?�s�o

�A�N�D

�2�3�2

�2�3�3

�2�3�4

�F�r�o�.�2�2�7�.

�R�A�I�N�G�A�U�G�E�S�.

�G�l�a�i�s�h�e�r ��s�R�a�i�n�G�a�u�g�e�,�o�f�j�a�p�a�n�n�e�d�m�e�t�a�l�,�w�i�t�h�g�r�a�d�u�a�t�e�d
�m�e�a�s�u�r�e�(û��g�.�2�2�7�)�. �. �. �. �. �. �.

�D�i�t�t�o �d�i�t�t�o �o�f�j�a�p�a�n�n�e�d�c�o�p�p�e�r�. �. �. �.
�T�h�e�g�r�a�d�u�a�t�e�d�m�e�a�s�u�r�e�l�s�d�l�v�i�d�e�d�l�n�t�o�h�u�u�d�r�e�d�t�h�a�o�r�a�n�i�n�c�h�.�a�c�c�o�r�d�i�n�g

�t�o�t�h�e�c�a�l�c�u�l�a�t�e�d�w�e�i�g�h�t�o�f �w�a�t�e�r�,�a�s�d�e�t�e�r�m�i�n�e�d�b�y�t�h�e�a�r�e�a�o�f

�t�h�e�r�e�c�e�i�v�i�n�g�s�u�r�f�a�c�e�.

�R�a�i�n�G�a�u�g�e�,�h�a�v�i�n�g�a�c�c�u�r�a�t�e�l�y�t�u�r�n�e�d�r�e�c�e�i�v�i�n�g�s�u�r�f�a�c�e
�o�f �1�2�i�n�c�h�e�s�d�i�a�m�e�t�e�r�,�a�n�d�g�r�a�d�u�a�t�e�d�g�l�a�s�s�g�a�u�g�e�t�u�b�e
�d�i�v�i�d�e�d�t�o �i�n�c�h�e�s�,�t�e�n�t�h�s�,�a�n�d�h�u�n�d�r�e�d�t�h�s�o�f �a�n�i�n�c�h�,
�s�h�e�w�i�n�g�b�y�s�i�m�p�l�e�i�n�s�p�e�c�t�i�o�n�t�h�e�a�m�o�u�n�t�o�f�r�a�i�n�f�a�l�l�e�n�. �I�n
�j�a�p�a�n�n�e�d�m�e�t�a�l�w�i�t�h�b�r�a�s�s�t�a�p�f�o�r �e�m�p�t�y�i�n�g�t�h�e�g�a�u�g�e
�(û��g�.�2�2�9�)�.

�H�o�w�a�r�d ��s�P�o�r�t�a�b�l�e
�m�e�a�s�u�r�e�. �. �. �. �. �. �. �. �. �.

�R�a�i�n�G�a�u�g�e�,�s�i�m�p�l�e�f�o�r�m�,û��t�t�e�d�w�i�t�h�d�i�v�i�d�e�d�g�a�u�g�e�r�o�d�t�o
�s�h�e�w�a�m�o�u�n�t�o�f�r�a�i�n�f�a�l�l �i�n �h�u�n�d�r�e�d�t�h�s�o�f�a�n�i�n�c�h�,�a�n�d

�t�h�o�u�s�a�n�d�s�o�f �g�a�l�l�o�n�s�p�e�r�a�c�r�e�. �. �.

�R�a�i�n�G�a�u�g�e�,�w�i�t�h�g�r�a�d�u�a�t�e�d�g�l�a�s�s

�1�0

�H�Y�D�R�O�M�E�T�E�R�S�,�S�A�C�C�H�A�R�O�M�E�T�E�R�S�,

�O�T�H�E�R

�A�N�D�S�O�L�I�D�S�.

�H�y�d�r�o�m�e�t�e�r�,�f�r�o�m�~�7�0�0�t�o �1�0�0�0�,�f�o�r�s�p�e�c�iû��c�g�r�a�v�i�t�i�e�s�l�i�g�h�t�e�r
�t�h�a�n�w�a�t�e�r �. �. �. �. �. �. �. �.

�H�y�d�r�o�m�e�t�e�r�f�r�o�m�1�-�0�0�0�t�o �1�-�8�5�0�o�r�2�0�0�0�,�f�o�rû��u�i�d�s�h�e�a�v�i�e�r
�t�h�a�n�w�a�t�e�r �. �. �. �. �. �. �. �.

�B�e�a�u�m�e ��H�y�d�r�o�m�e�t�e�r�,�-�0 �t�o �-�7�0�, �f�o�r û��u�i�d�s�l�i�g�h�t�e�r�t�h�a�n
�w�a�t�e�r�(û��g�2�3�4�)

�F�r�o�.�2�2�9�.

�1�0

�I�N�S�T�R�U�M�E�N�T�S�F�O�B�A�S�C�E�B�T�A�I�N�I�N�G�T�H�E�S�P�E�C�I�F�I�C�G�R�A�V�I�T�Y

� � 

�1�1�0�0

�O�F�F�L�U�I�D�S



�1�0�7�,�H�O�L�B�O�R�N�H�I�L�L�,�1�, �H�A�T�T�O�N�G�A�R�D�E�N�,�m�m�5�9�, �C�O�R�N�H�I�L�L�,�L�O�N�D�O�N�.

�F�r�o�.�2�6�4�.

�F�r�o�.�2�3�4�. �2�5�0
�F�r�o�.�2�3�7�.

�F�I�G�S�.�2�7�7�a�n�d�2�7�8�.

�T�H

� � 

� 

� � 

� � 

� � 

�m�'�i�T�r�r�t�U�n�i�-�m�i�'�n�"�l

 � �w�i�r�y�-�rû��r�m�-�(�Wû��b�r�r�-�3�|

� � 

�2�3�5 �B�e�a�u�m�e�'�s�H�y�d�r�o�m�e�t�e�r�,�'�0 �t�o �'�4�0�f�o�r�c�a�n�e�-�j�u�i�c�e�a�n�d�s�i�m�i�l�a�r
û��u�i�d�s�h�e�a�v�i�e�r�t�h�a�n�w�a�t�e�r�. �. �. �. �. �. �O �5 �0

�2�3�6 �S�c�h�e�e�f�e�r ��s�l�I�y�d�r�o�m�e�t�e�r�s�,�w�i�t�h�s�o�l�u�t�i�o�n�t�u�b�e�,�a�n�d�t�w�o�s�p�i�n
�d�l�e�s�,�o�n�e�f�r�o�m�-�7�0�0�t�o �1�0�0�0�,�t�h�e�o�t�h�e�r�f�r�o�m�1�0�0�0�t�o �1�-�9�0�0

�p�e�r�p�a�i�r �0 �1�2 �0
�V�e�r�y�u�s�e�f�u�l�w�h�e�r�e�o�n�l�y�s�m�a�l�l�q�u�a�n�t�i�t�i�e�s�o�fû��u�i�d�s�a�r�e�t�o �b�e�c�x�p�o�r�b

�m�e�n�t�e�d�o�n�.

�2�3�7 �S�y�k�e�s ��s�g�l�a�s�s�H�y�d�r�o�m�e�t�e�r�,�s�h�e�w�i�n�g�p�e�r�c�e�n�t�a�g�e�s�o�f �p�r�o�o�f

� 

� � 

�s�p�i�r�i�t�f�r�o�m�6�0�o�v�e�r�p�r�o�o�f�t�o �4�0�u�n�d�e�r�p�r�o�o�f�(û��g�.�2�3�7�) �. �0 �5 �6

�F�r�o�.�2�4�0�.

�e�?�) �@�m�'
� � 

�@ �Q

� � 

� � 

� � 



�3�8 �S�C�I�E�N�T�I�F�I�C�I�N�S�T�R�U�M�E�N�T�S�M�A�N�U�F�A�C�T�U�R�E�D�B�Y�N�E�G�R�E�T�T�I�&�Z�A�M�B�R�A�,

�2�3�8

�2�3�9
�2�4�0

�2�4�1

�2�4�2
�2�4�3
�2�4�4

�2�4�5
�2�4�6
�2�4�7
�2�4�8
�2�4�9

�2�5�0

�2�5�1

�2�5�2
�2�5�3
�2�5�4
�2�5�5

�2�5�6
�2�5�7
�2�5�8
�2�5�9
�2�6�0

�2�6�1
�2�6�2

�2�6�3

�2�6�4

�2�6�5

�2�6�6
�2�6�7
�2�6�8

�S�y�k�e�s�'�s�g�l�a�s�s�H�y�d�r�o�m�e�t�e�r�,�i�n �m�a�h�o�g�a�n�y�b�o�x�,�w�i�t�h�t�h�e�r
�m�o�m�e�t�e�r�. �. �. �. �. �. �. �. �.

�D�i�t�t�o �d�i�t�t�o �w�i�t�h�i�v�o�r�y�s�l�i�d�i�n�g�s�c�a�l�e�. �. �.
�S�y�k�e�s ��s�b�r�a�s�s�H�y�d�r�o�m�e�t�e�r�,�a�s �u�s�e�d�b�y�t�h�e �E�x�c�i�s�e�a�n�d
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�D�i�t�t�o �r�l�i�t�t�o �w�i�t�h�c�o�m�p�a�r�a�t�i�v�e�r�u�l�e
�B�o�o�k�o�f �T�a�b�l�e�s�f�o�r�t�h�e�a�b�o�v�e�,�1�0�s�.

�S�y�k�e�s�'�s�P�o�c�k�e�t�H�y�d�r�o�m�e�t�e�r�i�n �G�e�r�m�a�n�S�i�l�v�e�r
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�i�n �m�a�h�o�g�a�n�y�c�a�s�e�c�o�m�p�l�e�t�e�. �. �. �.
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CHEMICAL

 
 

APPARATUS.

 

GLASS, PORCELAIN, EARTHENIVARE, 810.

FIG. 302.
Fro. 304.

  

  

Adapters for connecting retorts to receiver; contents loz.

Ditto ditto, full size, for large operations :—

Straight 8-oz. (fig. 302)

Ditto 16-oz. .

Bent 8-02. (fig. 304)

Ditto 16-01. . .

Air Jars, per nest of six cylindrical

Ditto, larger . . . . . . . .

Air Jar Tubes, for experiments on the gases, with a

mercurial trough :—

Long . 2-an 3-1n. 4-in. G-lu. 6~ln.

Width . é-in. 52-111. (-111. }ln. I'm.

Price . 3d. 4d. 6d. 9d. 1011.
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Each. Each.

.6 a. 1!. £ s. d.

309 Air 01' Gas Jars, stout bell glass, with ground edges—

}ptl. pts. qts. 3pm. 4pm.

310 Narrow mouth, plain . . 1/ 1/9 3/ 4/ 5/6

811 Ditto stoppered . . . 1/6 2/6 4/ 4/6 6/6

312 Ditto, mounted with brass cap . 2/3 3/6 4/9 6/ 7/6

313 Wide mouth, plain . . . ll 1]!) 3/ 4/6 6/

314 Ditto, stoppered . . . 2/ 2/9 4/6 6/ 7/6

315 Ditto, mounted, with brass cap. 5/ 6/3 7/6

316 Air Jars, graduated into cubic inches and decimal parts,

  

 

  

 

 

 
 

for mixing gases, capped or stoppered . . . from 0 6

317 Ditto, mounted with brass cap, two stop-cocks, connecting

piece, ferrule and bladder . _ . . . . from 0 14 0

F10. 318. Fro. 321. Fro. 320.

rs.

,3 —
a.» i"; FIG. 322.

s '3 i

E? % I5 Ci a %

a V

 

  

318 Alkalimeters, Binks’ form (fig. 318) .

319 Ditto ditto, on foot (fig. 319) .

320 Ditto, Gay-Lussac's (fig. 320)

321 Ditto, old form (fig. 321)

322 Schuster’s Alkalimeter (fig. 322)

00000

#0010301

00000

323 Alembics— 4 oz. 8 oz. 16 oz. qrt.

324 Earthenware . . . . 2/6 3/6 4/6 6/6

325 Glass . . . . . 5/6 6/6 7/6 11/ '

326 Alembics of German glass, 4 oz. and 6 oz. capacity, with

moveable head, for experimental distillatimis, Sac. (fig. 326) O 2 0
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F10. 326.
Fro. 327.

 

 

Arsenic Tubes, of hard German glass, Berzelius's form,

(fig. 327) 3-in. long . . . per doz.

Ditto, Clark's form (fig. 328) 2-in. long,—per dozen .

Ditto, Liebig's form (fig. 329) 3-in. long, ditto

Ditto ditto 3-in. long, ditto

Ditto, Rose's form . 3-in. long, ditto

Funnel for introducing substances into tubes without soiling

the sides (fig. 332) .

BERLIN PORCELAIN.

Alembics, Berlin ware, with moveable heads, for the dis

tillation of such substances as require a white heat .

Basins, Evaporating, of Berlin ware, the depth equal to

- one-third the diameter :—

Contents 24:2. 2§-oz. 3-01. 4-02. 6-02. 8-oz. lO-oz. 16-02.

Price . [6 l7 [9 /10 1/ 113 1,6 2/

Contents l-pt. 2-pts. 4-pts. 'l-pts. lD-pts. lG-pts.

Price 2/6 316 5/ a/ 9/ 241

Basins, evaporating, of' Berlin ware, flat bottoms, with

spout, shallow form ; depth, one-fourth the diameter :—

Contents lj-oz. 2-02. iii-oz. b-oz. B-oz.

Price . [6 I9 I10 1/ 1/3 1/6 2/

Basins, evaporating, hemispherical form, of Berlin porcelain;

depth, one-half the diameter :—

Contcnts 16-01.. 28-02. 2-ptl. t-pis. 5-pts.

Price . 2,6 3/ 4/ 5/ H,’

l2-oz. IS-oz.

Each.

£1. d.

OOOOO

Hp-np-sus-a

020262659
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351

354

355

Basing, small and thin, for Analytical Experiments, hemis

pherical form, and uniform in substance :—

Contcnts . {-oz. §-ozv fl-oz. l-oz. li-oz. 2-oz.

Price /3 /5 /6 /8 HO 1/

Capsules of Berlin porcelain, with spout and handle :—

Contents . . l-oz. fli-oz. 4-02.

Price . [10 1/ 1/2

Capsule with handle, contents {-ozq very light; for weighing

the residue of small operations . . . . . .

Crucibles and covers, conical shape, of Berlin ware, glazed,

very thin and uniform .—

Contenm . }-oz. for. M. i~oz. l-oz 2-02. 3km. 7-oz.

Price /4 l6 /s /10 1/ 1/2 1/4 1/s

Crucibles and covers of cylindrical shape, glazed :—

Contents . . . . . . . Q-oz. l-oz.

Price . . . . . /c /7

Crucibles of Berlin porcelain, not glazed, with perforated

covers, for fusing nitrate silver, &c. :—

Contents _ l-oz. 502.

Price . . . . . [7 [8

Drainers for Crystals, Berlin porcelain, 5i-in. diameter,

2§-in. deep . . . . . . .

Ditto ditto shallow form, 5-in. diameter, ll-in. deep

Mortars and Pestle of Berlin porcelain, glazed or biscuit

within:—

Diarncter 2-in. 3km. 4am. 5-ln.

Price . . l9 2/ 3/ 4/

Pneumatic Trough for experiments, with tube apparatus

in collecting such gases as require the use of mercury.

This Trough works with only 4-lbs. of mercury . .

Retorts of Berlin porcelain, highly useful where a white

heat is to be employed; stoppered or plain :—

Contents. Price Stopperad. Price Plain.

23-02. 3/6 216

6-01. 5/ 3/6

12-02. . . . 8/ . 6/

Ditto ditto, larger size, for working with lO-lbs. of

mercury . . . . . . . . . .

Sulphuric Acid Dish, for desiccating purposes by the aid

of air-pump

Tubes of Berlin porcelain, for containing substances to be

submitted to the action of gases whilst heated to redness :—

Length . l2-ln. l8-ln. il-in. lS-ln. 24-ln_ l8~ln 24-In_

Diameter Q-ln. j-ln. Q-in. fin. {-ln. l-in. l-in.

Price 2/6 3/6 4/6 516 7/6 716 10/

Water Bath of Berlin porcelain, consisting of an outer

boiler and an- inner capsule, for drying powders

Water 01' Oil Bath of Berlin porcelain, boiler and capsule

in one piece, especially adapted for drying a precipitate

contained on a filter . . . . . . . .

£

Each.

5. d. £

Each .

a.

0

d.
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F10. 385.

FIG. 373.

Fla. 356.

" ‘ F10. 357.

  

356 Beaker Glasses (fig.356),cylindrieal form, with overhanging

edges, so as to pour well, the glass uniformly thin and

well annealed, of German manufaeture :—

No.1 No.2“ No.3 No.4 No.5 No.6

Contents 2-oz. 4-oz. 6-oz. lO-oz. 14-oz. l-pt.

No.7 No.8 No.9 No. 10 No. 11 No.12

Contentsli-pt. 2i-pts. 4-pts. 5-pts. 7-pts. 9-pts.

The above sizes of these useful vessels can be obtained in

sets of the following Nos. :—

sm of . a 15 s 12 s a 4 7

Price . 116 2,16 5/ 10/6 3,16 216 5/6 8/

357 Beaker Tumblers, for hot solutions, 810.; from their being

less deep than beakers, are easier cleaned, and precipitates

more easily removed. In sets of six (fig. 357) . . 0 5 0

358 Bottles, best flint glass, London, stoppered :—

NARBOW IOUTH- WIDE MOUTH

359 Q-oz. and l-oz. each /6 per doz. 5/ /6 per doz. 5!

360 2-oz. . . . [8 ,, 7/ [9 ,, 8/

361 3-01. . . . /9 ,, s/ /10 ,, 9/

362 4-oz. . . . l9 ,, 8/ /10 ,, 9/6

363 6-oz. . . . /1o ,, 9/6 111 ,, 1036

364 8-02. . . . 1/ ,, 10/6 112 ,, 12/

365 16-oz. . . . 114 ,, r5] 1/6 ,, 16/

366 Quarts . . . 2/ ,, 21/ 21:3 ,, 24/

367 3pints. . . 216 ,, 28/ 3/ ,, 33/
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368

369

372

373

374

378

379

380

381

382

383

38-1

385

386

387

388

389

390

391

392

Each. Each.

£ a. d. £ a. 11.

Bottles, acid, with elongated stoppers . from 0 1 0

Ditto, capped for ether, 8:0. l-oz. 2-01. 4-01. 8-oz

2/ 2/6 3/6 436

Ditto, capped, and fitted into turned wood boxes, various

Ditto, small tube, for containing rare specimens, plain, per

doz. . . . . . . . . 0 2 0

Ditto ditto, stoppereil 0 8 0

Bottles, washing, (fig. 373) .from 0 l 6

Ditto ditto, with handle, for hot water, &c. 0 3 0

Capsules, glass . . . . . . . . O 0 3

Crucibles, real Hessian, triangular shape, in nests .—

Nest of 3 Crucibles, Nos. 2 to 4 . 0 0 5

,, 5 ,, l to 5 . 0 O 9

,, 6 ,, l to 6 . 0 1 6

,, S ,, l to 8 . . . . . 0 2 6

crucibles, London-made Fire-clay, round form, as used in

the Mint and by the principal assayers and refiners.

They are capable of resisting high temperatures without

becoming spongy :—

Helght, without Covers “An. 3-ln. Mn. 45-h. 5-in. 6-in. 7-ln. 8-ln.

Price ll} [2 I2} l3 [3% [5 l8 1/

Cowrs of the same material may be obtained to fit the vnrlous slzes,

at the same prices as the Cruclbles.

Crucible Cases and Covers of fire-clay, to protect platinum

crucibles from the immediate contact of coal in a fire, and

raise them to where the heat is the most intense :—

2Q-in. high . 2-in wide . 0 0 6

3ql-in. ,, QQ-in. ,, 0 0 g

4-in. ,, . 3-in. ,, 0_ 1 0

Crucibles, WVedgwood ware . . . . . 0 0 8

Ditto, Berlin porcelain, various (see Berlin porcelain)

Ditto, skittle shaped, 3 to 12-in. high . 0 O 2 0 l 6

Ditto, round, with covers . . . . . . from_ 0 1 6

Calcining Pots, to open in the middle , . . . o 6 o o 2 0

Cooper’s Receiver, for collecting gases over mercury

(fig. 385) . . o 1 6

Ditto graduated . . . . . . . . 0 6 0

Cryophorous, Wollaston's, or Frost Bearer (figs. 387 & 387‘) 0 4 0

Cubic Inch Tubes, graduated into lOths and lOOths . 0 4 0

Ditto Bottles (see Specific Gravity Bottles.)

Deflagrating Jars (see Gas Receivers.)

Dishes, glass, various shapes . . . . .from 0 2 6

Ditto, evaporating, Berlin ware, various (see Berlin porce

lain)
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FIG. 402.

  

Flo. 387. F10. 401.

 

Fro. 403.

   

[I]
mmlmin-HIlulnlmIll1ll1n

  

 

 

  

Fro. 394. FIG. 396.

393 Dishes, evaporating, Wedgwood ware, not liable to stain

or crack :—

Diameter . 2-in. 3-ln. Ma. (Ma. 6-111. 7-ln.

Price . . 14 /6 19 11 114 11s

Diameter . . B-ln. 9-ln. lO-ln. ll-in. 12-111.

Price . . . 2/ 2'6 3/ 39 4/6

Larger sizes to 24-ln. dlameter.

394 Dropping Tubes (fig. 394) . . . . 14 16 and o 0 a

395 Dropping Bottles . . . . . . . .

396 Desiccating Jars, for drying gases by the aid of chloride

of calcium (fig. 396) . . . . . . . 0 10 6

397 Desiccating Tubes, for drying small quantities of gases,

with one bulb, and the end straight . . . 0 0 6

398 Ditto ditto, the end bent . . . . . . 0 0 6

399 Ditto ditto, larger . . . . . . . . 0 1 0

400 Evaporating Dishes (see Dishes.

401 Ettling’s Gas Transfer-rem, for transferring a small portion

ofa gas, various forms (fig. 401) . . . . . 0 3 6

402 Eudiometer, Volta’s, graduated to 200 divisions=2 cubic

inches (fig. 402) . . . . . . . . 0 7 6

403 Eudiometer, Ure’s U-shape (fig. 403), graduated to 200

divisions=2 cubic inches . . . . . 0 9 6
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FIGS. 408 To 408.‘

  

Each. Each.

£ 5 d. f. I. d.

404 Flasks, Florence (fig. 404) . . . . . . 0 0 3

405 Ditto, white flint glass, wide and narrow mouthed, with

round and flat bottoms, from l-oz. to l-qt. . .from 0 0 8

406 Ditto, with bent tubes for generating gases . . . . 0 1 6

407 Flasks, mounted with stop-cock, for weighing gases . . 0 7 6

408 Flasks of hard German Glass, capable of resisting extreme

and sudden changes of temperature; flat or round bottoms

(figs. 408 to 408*) :—

Contents _ 2-oz. 4-oz. 6-oz. B-oz. 12-02. l6-oz. 24-02. 32-02.

Price . /4 l5 l6 /9 1/ 1/3 1/9 2/3

409 Funnels of glass (fig. 409), of such a shape that s vertical

section would be an equilateral triangle, to receive the

ordinary folded filter without fear of fracture :—

No. . 1. 2. a. 4. 5. s. 7. 8.

Diameter . 1km. 1km. 2~ln. 2,1411. 3-111. 4-111. 6411. 64111.

Price . . [3 [3 /4 /5 l6 [s 1/ 1/6

410 Funnels for Gas Bottles, &c., of blown glass :—

ngm . 4~ln. 13-111. 1s-1n. 20-m. 24-1n.

Price . . . [4 l6 l9 1/ 1/3

Fro. 409. Fm. 413.
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411

412

413

414

415

416

417

418

419

420

  

 

 
 

  

 
 

Funnels for filling plain Retorts without soiling the neck,

(fig. 411 ) . . . . . . . . .

Funnels, Wedgewood ware, best quality, from l-oz. to 2-qts.

from . . . . . . . . .

Funnels with handle (fig. 413) .

Ditto, with stopper (fig. 414) . . . . . .

Clark’s Gas Bottle (fig. 415), for preparing sulphureted

hydrogen, &c. . . . . . . . .

Gas Bottle, simple form, 16-02. flask, with bent glass tube .

Oxygen Gas Retort consisting of a hard glass tube, to

which is fitted a bent tube. For making pure oxygen

from equal parts of dried and pulverised chlorate of

potash and oxide of manganese, by the heat of a spirit

lamp . . . . . . . . . .

Gas Bottle with intermediate washing vessel, for the pro

duction of small quantities of sulphureted hydrogen gas,

when used as a test (see fig. 418 or 418*)

Gas Receivers or Deflagrating Jars (figs. 419 and 419*),

for containing and preserving gases for experiment :—

Height. Width. l'rice Plain. Price StoppcrctI.

5-in. 3-in. . . 1/ 1/6

7-in. 4-in. 1f9 . . 3/

9§-in. 5,4“. 2/6 . . 5/

llQ-in. 6}-in. 4/6 7/6

Gas Receivers mounted with brass cap, stop-cock, bladder

ferrule, and bladder :—

7-in. high .

9-in. ,,

4-in. wide

5-in. ,,

0 1

Fro. ~il8.'I

0
w

  

.030
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�c�o�n�v�e�n�i�e�n�t�i�n �s�h�a�p�e�,�s�u�i�t�a�b�l�e�f�o�r�a�l�l �o�p�e�r�a�t�i�o�n�s�w�h�e�r�e�h�o�t
û��u�i�d�s�a�r�e�n�o�t�e�m�p�l�o�y�e�d�: �

�C�o�n�t�e�n�t�n �l�-�p�t�. �l�b�-�p�t�. �Z�-�p�t�s�. �3�-�p�t�s�.

�P�r�i�c�e �/�1�0 �l �/ �1�/�4 �2�/

�M�e�a�s�u�r�e�s�,�G�r�a�d�u�a�t�e�d�G�l�a�s�s�,�c�o�n�i�c�a�l�f�o�r�m�,�s�h�e�w�i�n�g�o�u�n�c�e�s
�a�n�d�d�r�a�c�h�m�s�: �

�C�o�n�i�c�a�l�F�o�r�m�I�-�0�2�. û��-�o�z�. �4�-�0�1�. �G�-�o�z�. �l�o�-�o�z�. �2�0�-�0�2�.�3�0�-�0�2�.�4�0�-�o�z�.

�P�r�i�c�e�. �1�/�3 �1�/�4 �2�/ �2�/�3 �3�/�6 �5�/ �6�/�6 �8�/�6
�D�i�t�t�o�,�c�y�l�i�n�d�r�i�c�a�l�f�o�r�m�(û��g�. �4�4�0�)�,�s�h�e�w�i�n�g�o�u�n�c�e�s�a�n�d

�d�r�a�c�h�m�s�: �
�C�y�l�i�n�d�r�l�c�n�l�. �l�-�o�z�. �2�-�o�z�. �A�-�o�z�. �G�-�u�z�. �l�O�~�o�z�.�2�0�-�0�2�.�3�0�-�0�7�,�. �4�0�-�0�2�.

�P�r�i�c�e �1�1�2 �1�/�4 �2�/ �~�2�/�3 �3�/ �4�/�6 �6�/ �7�/�6
�M�e�a�s�u�r�e�s�d�l�v�l�d�o�d�t�o�s�h�e�w�a�n�y�m�e�r�m�u�r�o�o�r�g�r�a�d�u�a�t�i�o�n�.

�M�e�a�s�u�r�e�s�,�g�l�a�s�s�,�o�n�e�d�r�a�m�,�d�i�v�i�d�e�d�i�n�t�o�d�r�o�p�o�r�6�0�m�i�n�i�m�s�.

�D�i�t�t�o�,�c�u�b�i�c�i�n�c�h�o�n�f�o�o�t�,�d�i�v�i�d�e�d�i�n�t�o�1�0�t�h�s

�f�r�o�m

�0�0�0

�P�0�0�! �

�m�a�t�e



�1�0�7�,�H�O�L�B�O�R�N�H�I�L�L�,�1�, �H�A�T�T�O�N�G�A�R�D�E�N�,�m�5�9�,�C�O�R�N�H�I�L�L�,�L�O�N�D�O�N�.�5�1

�4�4�4

�4�4�5

�4�4�6

�4�4�7
�4�4�8
�4�4�9
�4�5�0

�F�r�o�.�4�6�4�.

� 

�M�o�r�t�a�r�s�a�n�d�P�e�s�t�l�e�s�,�A�g�a�t�e�.
�T�h�e�p�r�i�c�e�s�g�i�v�e�n�a�r�e�o�n�l�y�a�p�p�r�o�x�i�m�a�t�e�,�a�s�t�h�e�y�v�a�r�y�a�c�c�o�r�d�i�n�g�t�o

�t�h�e�s�o�u�n�d�n�e�s�s�o�f�t�h�e�m�a�t�e�r�i�a�l�s�,�a�s�w�e�l�l�a�s�s�i�z�e�: �

�D�i�a�m�e�t�e�r�1�H ��. �1�5�-�1�1�1�. �i�H�n�. �2�-�i�n�. �2�3�4�:�1�. �2�H�"�.
�P�r�i�c�e �. �8�1�' �9�/ �9�/�6 �1�0�/ �1�2�/ �1�5�/

�D�i�a�m�e�t�e�r �2�1�-�1�1�1�. �3�-�1�"�. �a�s�-�m�. �4�-�1�1�1�. �Q�-�i�n�.
�P�r�i�c�e�. �1�7�/�6 �2�0�/ �3�0�/ �5�5�/ �6�0�/

�M�o�r�t�a�r�s�,�B�e�r�l�i�n�p�o�r�c�e�l�a�i�n�(�s�e�e�B�e�r�l�i�n�p�o�r�c�e�l�a�i�n�)
�M�o�r�t�a�r�s�a�n�d�P�e�s�t�l�e�s�,�b�e�s�t�q�u�a�l�i�t�y�,�W�e�d�g�w�o�o�d�w�a�r�e�:

�D�i�a�m�e�t�e�r�2�1�-�h�. �2�H�n�. �3�-�i�n�. �3�H�n�. �{�i�i�-�i�n�. �4�1�-�i�n�. �G�i�-�i�n�.

�P�r�i�c�e �[�1�0 �1�/ �1�/ �1�/�2 �1�/�4 �2�/ �4�/�6

�D�i�t�t�o�i�n�s�t�o�u�t�g�l�a�s�s�2�/ �2�/�6 �3�/�6 �4�/ �6�/�6
�M�uû��i�e�s �. �l�9 �1�/ �1�/�6 �a�n�d
�M�i�x�i�n�g�J�a�r�s�f�o�r�A�l�c�a�l�i�m�e�t�r�y�. �. �. �. �. �.
�T�e�s�t�M�i�x�e�r�s�(û��g�.�4�5�0�)�,�f�o�r�p�r�e�p�a�r�i�n�g�T�e�s�t�A�c�i�d�;�c�o�n�t�a�i�n�i�n�g

�1�0�0�0�s�e�p�t�c�m�s�,�d�i�v�i�d�e�d�i�n�t�o�1�0�0�d�i�v�i�s�i�o�n�s

�P�a�r�t�i�n�g�G�l�a�s�s�e�s�,�f�o�r �a�s�s�a�y�i�n�g �f�r�o�m

�F�r�o�.�4�5�7�.

�\�V�I�, �'�1�, �

� 

�E�a�c�h�.
�£ �.�9�.

� 
� 

�(�I�,
�E�a�c�h�.

�1�1�.�9�. �0�?�.

�0

�F�I�G�.�4�6�5�.
� � 



�o�2�r �S�C�I�E�N�T�I�F�I�C�I�N�S�T�R�U�M�E�N�T�S�M�A�N�U�F�A�C�T�U�R�E�D�B�Y�N�E�G�R�E�T�T�I�&�Z�A�M�B�R�A�,

� 

� � 

�4�5�2
�4�5�3
�4�5�4
�4�5�5

�4�5�6
�4�5�7

�4�5�9

�4�6�0
�4�6�1
�4�6�2
�4�6�3

�4�6�4
�4�6�5

�4�6�6

�4�6�7
�4�6�8

�4�6�9
�4�7�0

�4�7�1
�4�7�2
�4�7�3

�P�i�p�e�t�t�é�s�,�o�r�D�r�o�p�p�i�n�g�T�u�b�e�s�:

�S�t�r�a�i�g�h�t�,�6�-�i�n�.�l�o�n�g�.
�D�i�t�t�o�,�w�i�t�h�b�u�l�b�(�-û��g�.�4�5�4�)
�D�i�t�t�o�(û��g�.�4�5�5�) �. �. �. �. �. �. �. �.
�D�i�t�t�o�,�w�i�t�h�e�l�o�n�g�a�t�e�d�b�u�l�b�,�f�o�r�u�s�e�i�n�e�d�u�l�c�o�r�a�t�i�o�n�(û��g�.�4�5�6�)

�P�i�p�e�t�t�e�,�w�i�t�h�t�w�o�b�u�l�b�s�,�f�o�r�d�e�l�i�v�e�r�i�n�g�e�x�a�c�t�l�y�5�0�0�a�n�d�1�0�0�0

�g�r�a�i�n�s�(û��g�.�4�5�7�) �. �. �. �. �. �.
�P�i�p�e�t�t�e�s�,�f�o�r �d�e�l�i�v�e�r�i�n�g�e�x�a�c�t�l�y�1�0�0�0�,�7�0�0�,�5�0�0�,�3�5�0�,�o�r �5�0

�g�r�a�i�n�s�,�o�r�a�n�y�q�u�a�n�t�i�t�y�t�o �o�r�d�e�r �. �. �.
�P�e�r�c�a�l�e�,�t�h�G�l�a�s�s�,�f�o�r�p�r�e�p�a�r�i�n�g�t�i�n�c�t�u�r�e�s�.�&�c�. �. �f�r�o�m

�l�-�o�z�. �2�-�o�z�. �4�-�o�z�. �8�-�0�2�.�1�0�-�0�2�.

�P�r�e�c�i�p�i�t�a�t�i�n�g�G�l�a�s�s�e�s�o�n�f�o�o�t �[�8 �[�1�0 �1�1�2 �1�/�6 �2�/�0
�D�i�t�t�o �d�i�t�t�o �P�h�i�l�l�i�p�s�'�s �l�7 �/�8 �[�9
�P�u�l�s�e�T�u�b�e�s �- �- �. �. �. �. �. �. �_ �.
�R�e�d�u�c�t�i�o�n�T�u�b�e�s�,�l�2�-�i�n�.�t�u�b�e�,�1 �o�r�2 �b�u�l�b�s�,�s�t�r�a�i�g�h�t�(û��g�s�.

�4�6�3�a�n�d�4�6�3 ��) �. �. �. �. �. �. �.
�D�i�t�t�o �d�i�t�t�o �1 �o�r�2 �b�u�l�b�s�,�b�e�n�t�(û��g�.�4�6�4�)
�R�e�d�u�c�t�i�o�n�T�u�b�e�,�w�i�t�h�o�n�e�b�u�l�b�,�t�h�e�t�u�b�e�b�e�n�t�,�f�o�r�s�h�e�w�i�n�g

�t�h�e�d�e�c�o�m�p�o�s�i�t�i�o�n�o�f �o�x�i�d�e�o�f �c�o�p�p�e�r�b�y�h�e�a�t�,�w�h�e�n�s�u�b
�m�i�t�t�e�d�t�o �a�n�a�t�m�o�s�p�h�e�r�e�o�f�h�y�d�r�o�g�e�n�(û��g�.�4�6�5�)

�R�e�t�o�r�t�s�,�e�a�r�t�h�e�n�w�a�r�e�,�t�o �o�p�e�n�i�n �t�h�e�m�i�d�d�l�e�,�f�o�r �e�a�s�y�r�e

�m�o�v�a�l�o�f�o�o�n�t�e�n�t�s�. �. �- �. �- �. �. �.
�D�i�t�t�o�,�e�a�r�t�h�e�n�w�a�r�e�,�p�l�a�i�n �,
�D�i�t�t�o�,�o�f �h�a�r�d�g�l�a�z�e�d�s�t�o�n�e�w�a�r�e�. �. �. �. �f�r�o�m

�D�i�t�t�o�,�o�f �B�e�r�l�i�n�p�o�r�c�e�l�a�i�n�(�s�e�e�B�e�r�l�i�n�p�o�r�c�e�l�a�i�n�)�. �. �.
�R�o�b�e�r�t�s�o�f �h�a�r�d�G�e�r�m�a�n�g�l�a�s�s�(û��g�s�.�4�7�0�a�n�d�4�7�1�)�: �

�C�o�n�t�e�n�t�s�. �Z�-�o�z�. �4�-�0�1�. �6�-�0�1�. �g�-�o�z�. �1�2�4�1�:�. �H�I�)�. �1�} ��)�. �2�1�b�. �3�1�b�.

�P�l�a�i�n �. �[�6 �l�6 �I�7 �1�8 �I�9 �1�/ �1�/�2 �1�/�6 �2�]
�T�u�b�u�l�a�t�e�d�1�8 �I�s �/�9 �I�1�0 �1�/ �1�/�3 �1�5�6�1�/�1�0�2�;�'�6
�S�t�o�p�p�e�r�e�d�.�1�1�2 �1�1�2 �1�/�3 �1�1�4 �1�/�6 �1�1�1�0�2�/ �2�1�4 �3�1�0

�F�r�o�.�4�7�6�.

�0�0�0�0

�O�O �O�1�0

� � 



�1�0�7�,�H�O�L�B�O�R�N�H�I�L�L�,�]�, �l�l�l�l ��i ��l ��U�N �5�3�G�A�R�D�E�N�,�A�N�D�6�9�, �C�U�l�t�N�i�I�I�L�L�,�L�O�N�D�O�N�.

� � 

�4�7�4
�4�7�5
�4�7�6

�4�7�7

�4�8�0

�4�8�1

�4�8�2

�4�8�3

�4�8�4

�4�8�5

�F�I�G�.�4�7�S�.

�F�r�o�4�7�7�.

� � 

�R�a�t�e�r�-�t�s�o�f�b�l�o�w�n�g�l�a�s�s�,�1 �t�o�2�-�o�z�.�c�a�p�a�c�i�t�y�,�p�l�a�i�n�a�n�d�s�t�o�p�p�e�r�e�d
�D�i�t�t�o �d�i�t�t�o�,�w�i�t�h�b�e�n�t�p�o�i�n�t�(û��g�.�4�7�5�)�. �. �. �.
�R�e�t�o�r�t�a�n�d�R�e�c�e�i�v�e�r�,�C�l�a�r�k�'�s�(û��g�.�4�7�6�)�; �c�a�p�a�c�i�t�y�o�f �r�e

�t�o�r�t�,�2�-�o�z�.�;�r�e�c�e�i�v�e�r�,�9�-�i�n�.�b�y�Q�-�i�n�. �. �.
�T�h�i�s�a�p�p�a�r�a�t�u�s�w�i�l�l �b�e�f�o�u�n�d�e�x�c�e�e�d�i�n�g�l�y�u�s�e�f�u�l�i�n �s�m�a�l�l�d�i�s�t�i�l�l�a�t�i�o�n�;

�a�l�s�o�f�o�r �p�r�e�p�a�r�i�n�g�s�m�a�l�l�q�u�a�n�t�iû��e�s�o�f �t�h�e�l�i�q�u�i�d�a�c�i�d�s�f�o�r�t�e�s�t�i�n�g�.

�R�e�c�e�i�v�e�r�s�,�p�l�a�i�n�,�b�o�l�t�h�e�a�d�s�(û��g�.�4�7�7�)�: �
�C�o�n�t�e�n�t�s�. �2�-�0�1�. �4�~�0�L �G�-�O�l�. �B�-�o�z�. �"�-�0�1�.

�P�r�i�c�e �. �/�6 �[�6 �l�7 �l�8 �/�9
�C�o�n�t�e�n�t�s�. �l�-�l�b�. �l�i�d�b�. �2�-�i�b�. �3�4�!�)�.

�P�r�i�c�e �. �l�l �1�l�2 �1�[�6 �2�]

�R�e�c�e�i�v�e�r�s�f�o�r�p�r�e�p�a�r�i�n�g�n�i�t�r�i�c�a�c�i�d�(û��g�.�4�7�8�)�,�c�o�n�t�e�n�t�s�5�0�-�0�2�.
�D�i�t�t�o�,�w�i�t�h�w�e�l�t�e�d�r�i�m�s�,�s�h�o�r�t�n�e�c�k�(û��g�.�4�7�9�)�:

�C�o�n�t�e�n�t�s �l�-�l�b�. �l�a�y�-�l�b�. �2�-�l�b�. �3�-�i�b�.

�P�r�i�c�e �. �. �1�, � �1�/�2 �1�/�6 �2�/�0

�D�i�t�t�o�,�w�i�t�h�t�u�b�u�l�u�r�e�s�t�o�p�p�e�r�e�d�,�t�h�e�n�e�c�k�s�h�o�r�t�: �
�C�o�n�t�e�n�t�s �4�-�0�1�. �H�z�. �8�-�o�z�. �l�2�~�o�z�.

�P�r�i�c�e �. �. �l�8 �[�9 �/ �1�0 �l�l
�C�o�n�t�e�n�t�s �1�-�n�r�. �l�i�-�i�b�. �a�n�)�. �3�-�l�b�.

�P�r�i�c�e �. �1�/�2 �1�/�6 �1�/�1�0 �2�/
�R�e�c�e�i�v�e�r�s�,�w�i�t�h�t�u�b�u�l�u�r�e�s�t�o�p�p�e�r�e�d�,�t�h�e�n�e�c�k�l�o�n�g�(û��g�.�4�8�1�)�:

�C�o�n�t�e�n�t�s �4�-�o�z�. �6�~�o�z�. �8�-�0�2�. �1�2�-�0�1�.

�P�r�i�c�e �l�l �2 �i �[�3 �1�1�4 �1�1�6
�C�o�n�t�e�n�t�s �i�-�l�b�. �u�-�u�i�. �2�-�1�b�. �3�- ��)�.

�P�r�i�c�e �1�/�1�0 �2�/ �2�/�6 �3�/

�R�e�c�e�i�v�e�r�s�w�i�t�h�t�h�r�e�e�n�e�c�k�s �. �. �.
�R�e�c�e�i�v�e�r�s�,�V�s�h�a�p�e�d�,�s�m�a�l�l�s�i�z�e�,�o�f �G�e�r�m�a�n�g�l�a�s�s�,�l�e�n�g�t�h�o�f

�l�e�g �7�Q�-�i�n�.�,�d�i�a�m�e�t�e�r�%�-�i�n�.�,�a�n�d�l�4�-�i�n�. �l�o�n�g�,�-�,�}�-�i�n �w�i�d�e
�(û��g�.�4�8�3�) �. �. �. �. �. �. �. �.

�D�i�t�t�o�,�U�s�h�a�p�e�d�,�l�a�r�g�e�s�i�z�e�,�o�f �G�e�r�m�a�n�g�l�a�s�s�,�l�e�n�g�t�h�l�7�-�i�n�.
�d�i�a�m�e�t�e�r�i�l�-�i�n�. �'

�D�i�t�t�o �d�i�t�t�o �2�1�-�i�n�-�b�y�l�g�-�i�n�- �.

�i�- ��m�. �4�8�1�.� � 



�5�4 �S�C�I�E�N�T�I�F�I�C�I�N�S�T�R�U�M�E�N�T�S�M�A�N�U�F�A�C�T�U�R�E�D�B�Y�N�E�G�R�E�T�T�I�&�Z�A�M�B�R�A�,
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�r�e�a�c�h�i�n�g�t�h�e�r�e�t�o�r�t�b�y�s�u�d�d�e�n�c�o�n�d�e�n�s�a�t�i�o�n�. �. �. �0 �2 �6
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�e�n�d�,�a�n�d�p�r�o�p�e�r�l�y�b�o�r�d�e�r�e�d�a�t �t�h�e
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�t�h�e�e�x�h�a�u�s�t�i�n�g�s�y�r�i�n�g�e �. �. �. �.
�L�e�t�t�e�r�Z �T�u�b�e�,�f�o�r�t�h�e�s�a�m�e�p�u�r�p�o�s�e�. �. �. �.
�L�o�n�g�G�l�a�s�s�C�o�n�d�u�c�t�i�n�g�T�u�b�e�,�U�s�h�a�p�e�,�u�s�e�d�i�n �c�o�n�n�e�c�t�i�o�n

�w�i�t�h�t�h�e�m�e�r�c�u�r�i�a�l�t�r�o�u�g�h �. �. �. �. �. �.
�P�i�p�e�t�t�e�f�o�r�p�a�s�s�i�n�g�a�s�o�l�u�t�i�o�n�o�f �p�o�t�a�s�h�i�n�t�o�a�g�a�s�c�o�n�t�a�i�n�e�d

�i�n �a�t�u�b�e�o�v�e�r�m�e�r�c�u�r�y�(û��g�.�5�6�2�) �. �. �. �. �.
�U�r�e�'�s�A�p�p�a�r�a�t�u�s�f�o�r�d�e�t�e�r�m�i�n�i�n�g�t�h�e�q�u�a�n�t�i�t�y�o�f�N�i�t�r�o�g�e�n
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�F�r�o�.�5�6�6�.

�F�I�G�.�5�5�8�.

�F�I�G�.�5�5�9�.

�F�r�o�.�5�5�7�.

�O

�0

�0�0�0�0�0�0

�t�o�. �

�r�-�I�n�-�i�s�-�l�m�t�h�r�-�I

� � 

�0�6�5�6�3�6�5�0�0



�1�0�7�,�H�O�L�B�O�R�N�H�I�L�L�,�1�, �H�A�T�T�O�N�G�A�R�D�E�N�,�A�N�D�5�9�, �C�O�R�N�H�I�L�L�,�L�O�N�D�O�N�.�6�1

�E�a�c�h�. �E�a�c�h�.
�£ �8�. �(�1�. �£ �a
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�5�7�3 �T�u�r�p�e�n�t�i�n�e�B�u�l�b�s�o�f�g�l�a�s�s�f�o�r�c�o�n�t�a�i�n�i�n�g�v�o�l�a�t�i�l�e�s�u�b�s�t�a�n�c�e�s
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�G�l�a�s�s�B�l�o�w�e�r ��s�L�a�m�p�s�o�f�a�s�i�m�p�l�e�a�n�d�e�f�f�e�c�t�i�v�e�c�o�n�s�t�r�u�c�t�i�o�n
�(û��g�s�.�6�1�6�a�n�d�6�1�6�*�) �. �. �. �. �. �. �.

�G�l�a�s�s�B�l�o�w�e�r ��s�T�a�b�l�e�,�w�i�t�h�b�e�s�t�d�o�u�b�l�e�-�a�c�t�i�o�n�b�e�l�l�o�w�s�,�b�r�a�s�s
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�c�o�l�u�m�n�o�f�j�a�p�a�n�n�c�d�z�i�n�c�,�t�a�b�l�e�c�o�v�e�r�e�d�w�i�t�h�z�i�n�c�(�h�a�v�i�n�g
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�D�i�t�t�o�A�p�p�a�r�a�t�u�s�,�f�o�r �p�o�c�k�e�t�,�c�o�n�t�a�i�n�i�n�g�r�e�q�u�i�s�i�t�e�s�f�o�r

�a�s�s�a�y�i�n�g�m�e�t�a�l�s�,�i�n �c�a�s�e �. �. �. �.
�B�e�l�l�o�w�s�,�p�o�r�t�a�b�l�e�d�o�u�b�l�e�,�f�o�r�t�a�b�l�e�f�u�r�n�a�c�e�s �.�f�r�o�m
�B�o�x�e�s�o�f �M�i�n�e�r�a�l�F�r�a�g�m�e�n�t�s�,�f�o�r�b�l�o�w�p�i�p�e
�B�r�a�s�s�T�o�b�a�c�c�o�P�i�p�e�,�f�o�r�b�l�o�w�i�n�g�g�a�s�b�u�b�b�l�e�s�.
�B�r�u�s�h�e�s�,�t�e�s�t�t�u�b�e �. �. �. �. �. �. �f�r�o�m
�D�i�t�t�o�,�p�h�i�a�l�a�n�d�b�o�t�t�l�e �. �. �. �/�6�,
�C�a�o�u�t�c�h�o�u�c�G�a�s�B�a�g�s�,�W�e�d�g�e�s�h�a�p�e�. �.�f�r�o�m
�D�i�t�t�o�C�o�n�n�e�c�t�o�r�s�,�f�o�r�j�o�i�n�i�n�g�t�u�b�e�a�p�p�a�r�a�t�u�s �. �f�r�o�m
�D�i�t�t�o�i�n �s�h�e�e�t�s�. �. �. �. �. �. �. �. �.

�D�i�t�t�o�V�u�l�c�a�n�i�s�e�d�T�u�b�e �. �p�e�r�f�o�o�t�,�f�r�o�m
�D�i�t�t�o�V�a�r�n�i�s�h �p�e�r�o�z�.
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�1�0�7�,�H�O�L�B�O�R�N�H�I�L�L�,�1�, �I�I�A�T�T�O�N�G�A�R�D�E�N�,�m�)�5�9�, �C�O�R�N�H�I�L�L�,�L�O�N�D�O�N�.�6�5
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�6�4�0
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�6�5�6
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�6�6�3
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�C�a�p�s�u�l�e�s�o�f �p�l�a�t�i�n�u�m�,�s�i�l�v�e�r�,�c�o�p�p�e�r�,�&�c�.
�C�h�a�uû��'�e�r�s�w�i�t�h�c�o�v�e�r�a�n�d�p�i�p�e�f�o�r�i�n�c�r�e�a�s�i�n�g�h�e�a�t
�C�h�e�m�i�c�a�l�L�a�b�e�l�s �. �. �. �.
�C�o�n�d�e�n�s�e�r�s�,�L�i�e�b�i�g ��s�f�o�r�m�f�o�r�d�i�s�t�i�l�l�a�t�i�o�n

�T�h�e�s�t�e�a�m�p�a�s�s�e�s�t�h�r�o�u�g�h�a �l�o�n�g�g�l�a�s�s�t�u�b�e�,�e�n�c�l�o�s�e�d�1�n�a�n�o�u�t�e�r

�m�e�t�a�l�t�u�b�e�;�i�n �t�h�e�i�n�t�e�r�v�e�n�i�n�g�s�p�a�c�e�w�a�t�e�r�l�s �m�a�d�e�t�o û��o�w�c�o�n

�t�i�n�u�o�u�s�l�y�,�a�n�d�r�a�p�i�d�c�o�n�d�e�n�s�a�t�i�o�n�i�s �e�l�l�e�c�t�e�d�.

�S�u�p�p�o�r�t�f�o�r�d�i�t�t�o�,�i�n �b�l�a�c�k�w�o�o�d�,�w�i�t�h�s�l�i�d�i�n�g�r�o�d�a�n�d�c�r�o�s�s
�j�o�i�n�t�,�c�a�p�a�b�l�e�o�f �b�e�i�n�g�e�l�e�v�a�t�e�d�a�n�d�i�n�c�l�i�n�e�d�t�o �a�n�y�a�n�g�l�e

�C�r�o�s�s�o�f �f�o�u�r�m�e�t�a�l�s�,�f�o�r�s�h�e�w�i�n�g�u�n�e�q�u�a�l�p�o�w�e�r�o�f �c�o�n
�d�u�c�t�i�n�g�h�e�a�t �. �. �. �. �. �. �.

�C�o�n�n�e�c�t�i�n�g�P�i�e�c�e�s�,�A�n�g�l�e�a�n�d�T�P�i�e�c�e�s�,�U�n�i�o�n�J�o�i�n�t�s�,
�o�f�b�r�a�s�s�,�f�o�r�u�n�i�t�i�n�g�s�t�e�p�c�o�c�k�s�,�&�c�. �. �1�]�, �1�/ �,

�C�o�n�n�e�c�t�i�n�g�F�e�r�r�u�l�e�s�,�f�o�r�b�l�a�d�d�e�r�s�,�s�m�a�l�l
�c�r�u�c�i�b�l�e�s�,�p�l�a�t�i�n�u�m�,�s�i�l�v�e�r�,�i�r�o�n�,�8�w�.
�C�r�u�c�i�b�l�e�J�a�c�k�e�t�m�a�d�e�o�f �i�r�o�n �p�l�a�t�e�,�t�o �h�o�l�d�a�n�y�s�i�z�e

�p�l�a�t�i�n�u�m�c�r�u�c�i�b�l�e �. �. �. �. �.
�C�r�u�c�i�b�l�e�S�t�a�n�d�s�a�n�d�S�u�p�p�o�r�t�s�,�v�a�r�i�o�u�s �. �.
�D�i�t�t�o�T�o�n�g�s�,�s�t�r�a�i�g�h�t�,�b�e�n�t�,�&�c�.�,�o�f �v�a�r�i�o�u�s�s�i�z�e�s �1�/�, �1�/�6�,
�C�o�r�k�B�o�r�e�r�s�,�o�f �p�o�l�i�s�h�e�d�b�r�a�s�s�,�s�e�t�o�f �s�i�x�,�i�n �a�c�a�s�e
�D�i�t�t�o�,�a �s�e�t�o�f �t�w�e�l�v�e�. �. �.
�D�i�t�t�o�,�a �s�e�t�o�f �f�o�u�r�,�w�i�t�h�o�u�t�c�a�s�e
�C�uû��b�,�S�c�a�l�e�,�o�f �c�h�e�m�i�c�a�l�e�q�u�i�v�a�l�e�n�t�s�. �. �. �.
�D�eû��a�g�r�s�t�i�n�g�S�p�o�o�n�,�o�f �t�i�n�n�e�d�i�r�o�n�,�t�h�e�b�o�w�l�r�i�v�e�t�t�e�d�t�o

�p�e�r�s�e�t

�t�h�e�s�t�e�m�,�w�i�t�h�a�s�l�i�d�i�n�g�c�o�v�e�r�f�o�r�t�h�e�j�a�r �. �. �. �.
�D�i�t�t�o�,�o�f �b�r�a�s�s�,�w�i�t�h�s�t�e�e�l�r�o�d�a�n�d�b�r�a�s�s�b�o�w�l�,�t�h�e�c�o�v�e�r

�g�r�o�u�n�d�t�oû��t�t�h�e�t�o�p�o�f �t�h�e�r�e�c�e�i�v�e�r �. �. �.
�D�r�y�i�n�g�A�p�p�a�r�a�t�u�s�,�o�r�h�o�t�a�i�r �b�a�t�h�,�o�n�s�t�a�n�d�,�j�a�p�a�n�n�e�d�t�i�n�,

�f�r�o�m �. �. �. �. �. �. �. �. �. �.
�D�i�t�t�o �d�i�t�t�o �t�i�n�n�e�d�c�o�p�p�e�r�,�o�r�c�o�p�p�e�r �. �. �.
�D�e�c�i�m�a�l�W�e�i�g�h�t�s�,�f�r�o�m�1�0�0�0�g�r�a�i�n�s�t�o �a �1�0�t�h�o�f �a�g�r�a�i�n�,

�i�n �m�a�h�o�g�a�n�y�b�o�x �. �. �. �. �. �.
�D�i�t�t�o�,�a�c�c�u�r�a�t�e�l�y�a�d�j�u�s�t�e�d�,�f�r�o�m�1�0�0�0�g�r�a�i�n�s�t�o �l�-�l�O�O�t�h�o�f

�a�g�r�a�i�n�,�t�h�e�s�m�a�l�l�e�r�w�e�i�g�h�t�s�o�f �p�l�a�t�i�n�u�m�a�n�d�s�i�l�v�e�r�.
�D�i�a�m�o�n�d�s�,�f�o�r�w�r�i�t�i�n�g�,�e�n�g�r�a�v�i�n�g�,�o�r�c�u�t�t�i�n�g�g�l�a�s�s �. �f�r�o�m
�D�i�s�h�e�s�,�E�v�a�p�o�r�a�t�i�n�g�,�c�o�p�p�e�r �. �. �f�r�o�m
�D�i�t�t�o �d�i�t�t�o �c�o�p�p�e�r�t�i�n�n�e�d�i�n�s�i�d�e �. �.
�D�i�t�t�o �d�i�t�t�o �c�o�p�p�e�r�p�l�a�t�e�d�w�i�t�h�s�i�l�v�e�r
�D�i�t�t�o �d�i�t�t�o �s�i�l�v�e�r �.
�E�v�a�p�o�r�a�t�i�n�g�C�a�p�s�u�l�e�s�,�o�f �p�l�a�t�i�n�u�m�:
�D�l�a�m�e�t�e�r�. �Q�-�l�n�. �{�-�l�n�. �l�-�o�z�. �l�b�-�l�n�. �2�-�i�n�. �2�H ��. �2�2�-�1�1�1�.

�C�o�n�t�e�n�t�s�. �l�-�t�h�h�0�2�. �M�W�:�0�2�. �g�-�o�z�. �i�-�o�z�. �i�-�o�z�. �l�-�o�z�. �l�i�-�o�z�.

�P�r�i�c�e�v�a�r�i�o�u�s�,�a�c�c�o�r�d�i�n�g�t�o �w�e�i�g�h�t�.

�F�i�l�e�s�,�f�o�r�c�u�t�t�i�n�g�g�l�a�s�s�t�u�b�e �. �. �. �. �. �.
�F�i�l�e�s�a�n�d�R�a�s�p�s�,�f�o�rû��t�t�i�n�g�c�o�r�k�s�t�o �t�u�b�e�s �. �. �.
�F�l�e�x�i�b�l�e�T�u�b�e�,�m�e�t�a�l�a�n�d�c�a�o�u�t�c�h�o�u�c�,�&�c�.�,�f�o�r �c�o�n�d�u�c�t�i�n�g

�g�a�s�e�s�,�f�r�o�m�,�p�e�r�f�o�o�t
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�6�6 �S�C�I�E�N�T�I�F�I�C�I�N�S�T�R�U�M�E�N�T�S�M�A�N�U�F�A�C�T�U�R�E�D�B�Y�N�E�G�R�E�T�T�I�.�S�z �Z�A�M�B�R�A�,
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�F�i�l�t�e�r�P�a�p�e�r�,�t�h�i�c�k�,�p�e�r�l�b�. �. �. �. �. �.
�C�i�r�c�u�l�a�r�F�i�l�t�e�r�s�,�r�e�a�d�y�c�u�t�f�o�r �u�s�e�,�m�a�d�e�f�r�o�m�s�u�p�e�r�i�o�r

�p�a�p�e�r�,�w�i�t�h�o�u�t�c�h�l�o�r�i�d�e�s�,�m�u�r�i�a�t�e�s�,�o�r�a�n�y�s�o�l�u�b�l�e�m�a�t�t�e�r�;
�g�i�v�e�s�a �v�e�r�y�m�i�n�u�t�e�p�o�r�t�i�o�n�o�f �a�s�h�,�a�n�dû��l�t�e�r�s�r�a�p�i�d�l�y
�a�n�d�e�f�f�e�c�t�u�a�l�l�y�;�i�n �p�a�c�k�e�t�s�o�f �1�0�0�: �

�D�l�a�m�e�l�e�r �2�i�-�l�n�. û��i�-�l�n�. �3�H�1�»�q�-�m�. �b�i ��i�n�.

�P�r�i�c�e�p�e�r�1�0�0 �. �l�3 �l�5 �/�7 �[�8 �l�l

�F�i�l�t�e�r�i�n�g�P�a�p�e�r�,�s�u�p�e�r�i�o�r�q�u�a�l�i�t�y�,�p�e�r�q�u�i�r�e
�D�i�t�t�o�,�S�w�e�d�i�s�h�,�p�e�r�q�u�i�r�e �. �. �. �. �.

�F�i�l�t�e�r�B�o�x�e�s�,�o�f�j�a�p�a�n�n�e�d�t�i�n �p�l�a�t�e�,�w�i�t�h�p�u�l�l�-�o�f�f�c�o�v�e�r�s�,
�h�o�l�d�i�n�g�2�0�0û��l�t�e�r�s�: �

�1�1�4

�F�o�r�N�o�.�l �i �3 �4 �6 �6 �F�i�l�t�e�r�s�.

�/�6 �1�6 �l�6 �1�8 �1�/ �1�/�3
�F�u�n�n�e�l�s�,�g�u�t�t�a�p�e�r�c�h�a �. �. �. �. �. �f�r�o�m
�D�i�t�t�o�,�t�i�n �a�n�d�t�i�n�n�e�d�c�o�p�p�e�r �. �. �. �. �. �,�,
�F�u�r�n�a�c�e�s�,�A�i�k�i�n�'�s�b�l�a�s�t �. �. �. �. �,�,
�F�u�r�n�a�c�e�s�,�B�l�a�c�k ��s�u�n�i�v�e�r�s�a�l�,�a�p�p�l�i�c�a�b�l�e�t�o�t�h�e�r�e�d�u�c�t�i�o�n�a�n�d

�a�s�s�a�y�o�f �m�e�t�a�l�l�i�c�o�r�e�s�,�c�u�p�e�l�l�a�t�i�o�n�o�f �s�i�l�v�e�r�,�a�n�d�v�a�r�i�o�u�s
�o�t�h�e�r�c�h�e�m�i�c�a�l�o�p�e�r�a�t�i�o�n�s �. �.

�F�u�r�n�a�c�e�s�,�p�o�r�t�a�b�l�e�e�a�r�t�h�e�n�t�a�b�l�e �. �.
�D�i�t�t�o�,�t�a�b�l�e�m�a�d�e�o�f �b�l�a�c�k�l�e�a�d �. �. �. �. �,�,
�F�u�r�n�a�c�e�s�,�r�o�u�n�d�i�r�o�n�,�l�i�n�e�d�w�i�t�hû��r�e�l�u�t�e�o�r �b�r�i�c�k�,�a�p�p�l�i

�c�a�b�l�e�f�o�r�g�e�n�e�r�a�l�c�h�e�m�i�c�a�l�p�u�r�p�o�s�e�s �. �. �. �.
�F�o�r�g�e�,�p�o�r�t�a�b�l�e�I�r�o�n�,�i�m�p�r�o�v�e�d�w�i�t�h�d�o�u�b�l�e�b�e�l�l�o�w�s�,�t�h�e

�w�h�o�l�eû��t�t�e�d�t�o�g�e�t�h�e�r�w�i�t�h�n�u�t�s�a�n�d�s�c�r�e�w�s�f�o�r�c�o�n�v�e�n�i�e�n�c�e
�o�f�p�a�c�k�i�n�g�,�a�r�r�a�n�g�e�d�w�i�t�h�c�o�n�n�e�c�t�i�n�g�s�c�r�e�w�a�n�d�p�i�p�e�f�o�r
�b�l�a�s�t�f�u�r�n�a�c�e�s�. �. �. �.

�A�m�o�s�t�u�s�e�f�u�l�a�r�t�i�c�l�e�f�o�r�p�e�r�s�o�n�s�r�e�s�i�d�i�n�g�i�n �f�o�r�e�i�g�n�p�a�r�t�s�,�o�r�e�m�i�g�r�a�n�t�s�.

�G�a�s�A�p�p�a�r�a�t�u�s�c�o�m�p�l�e�t�e�,�f�o�r�m�a�k�i�n�g�o�x�y�g�e�n�a�n�d�h�y�d�r�o�g�e�n
�i�n �q�u�a�n�t�i�t�i�e�s�,�f�o�r�o�x�y�-�h�y�d�r�o�g�e�n�m�i�c�r�o�s�c�o�p�e�. �. �.

�G�a�s�R�e�t�o�r�t�s�,�c�o�p�p�e�r�,�w�i�t�h�C�o�n�d�u�c�t�i�n�g�T�u�b�e�,�f�o�r�t�h�e�p�r�e
�p�a�r�a�t�i�o�n�o�f �o�x�y�g�e�n�g�a�s�f�r�o�m�c�h�l�o�r�a�t�e�o�f �p�o�t�a�s�s�a�n�d

�m�a�n�g�a�n�e�s�e�,�s�u�fû��c�i�e�n�t�s�i�z�e�f�o�r�m�a�k�i�n�g�t�w�o�g�a�l�l�o�n�s�o�f�g�a�s�.
�D�i�t�t�o�,�w�r�o�u�g�h�t�i�r�o�n �. �. �. �. �. �_
�D�i�t�t�o�,�c�a�s�t�i�r�o�n�,�f�o�r�d�i�t�t�o�,�s�m�a�l�l�. �. �. �. �. �.

�G�a�s�B�u�r�n�e�r�s�,�0�1�' �F�u�r�n�a�c�e�,�a�d�a�p�t�e�d�f�o�r �b�u�r�n�i�n�g�c�o�m�m�o�n
�g�a�s�m�i�x�e�d�w�i�t�h�a�i�r�, �w�i�t�h�o�u�t�s�m�o�k�e�;�f�o�r�b�o�i�l�i�n�g�,�d�i�s�t�i�l�l�i�n�g�,
�6�w�. �. �. �. �. �. �. �. �. �.

�G�a�s�B�l�o�w�p�i�p�e�,�w�i�t�hû��e�x�i�b�l�e�t�u�b�e�a�n�d�i�v�o�r�y�m�o�u�t�h�p�i�e�c�e
�G�a�u�g�e�B�r�a�s�s�,�f�o�r�s�h�e�w�i�n�g�e�x�p�a�n�s�i�o�n�o�f�m�e�t�a�l�s�b�y�h�e�a�t

�G�u�t�t�a�P�e�r�c�h�a�B�a�s�i�n�s�,�F�u�n�n�e�l�s�,�T�r�o�u�g�h�s�,�T�r�a�y�s�,�T�u�b�e�,
�8�1�0�.�,�&�c�.�o�f �v�a�r�i�o�u�s�s�i�z�e�s

�G�u�t�t�a�P�e�r�c�h�a�B�o�t�t�l�e�s�,�r�o�u�n�d�,�f�o�r�a�c�i�d�s�,�&�c�.�: �
�4�4�2�7 �

�6�/�6

�.�f�r�o�m

�l�-�o�z�.

�P�r�i�c�e �4�/
�2�~�o�z�.

�5�/�6
�H�a�m�m�e�r�s�,�M�i�n�e�r�a�l�o�g�i�c�a�l

�8�-�o�z�.

�9�/�6 �p�e�r�d�o�z�.
�. �f�r�o�m

�7�k�m�.

�E�a�c�h�.
�£�0�. �(�I�. �.�6

�0

�¢

�o�-�I�v�-�n

�0�0

�E�a�c�h�.
�I�.
�l

�1�0

�1�0

�I�2

�1�2

�d�.
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�1�0�7�,�H�O�L�B�O�R�N�H�I�L�L�,�1�, �H�A�T�T�O�N�G�A�R�D�E�N�,�A�N�D�5�9�, �C�O�R�N�H�I�L�L�,�L�O�N�D�O�N�.�6�7

�6�8�9

�6�9�0
�6�9�1

�6�9�2
�6�9�3

�6�9�4
�6�9�5
�6�9�6

�6�9�7

�6�9�8
�6�9�9

�7�0�0
�7�0�1

�7�0�7
�7�0�8

�7�0�9
�H�O
�7�1�1
�7�1�2
�7�1�3

�7�1�4

�7�1�5
�7�1�6
�7�1�7
�7�1�8
�7�1�9
�7�2�0

�I�r�o�n�S�p�h�e�r�e�s�,�s�t�r�o�n�g�;�t�h�i�s �a�p�p�a�r�a�t�u�s�s�h�o�w�s�t�h�e�e�x�p�a�n�s�i�v�e
�f�o�r�c�e�i�n �t�h�e�c�o�n�g�e�l�a�t�i�o�n�o�f�w�a�t�e�r �,

�.�f�r�o�m�L�a�d�i�e�s�,�s�m�a�l�l�,�i�r�o�n �. �p �. �. �. �. �.
�L�a�m�p�s�,�c�h�e�m�i�c�a�l�a�r�g�a�n�d�,�w�i�t�h �c�o�t�t�o�n�s�a�n�d�m�a�n�d�r�i�l�,

�c�o�m�p�l�e�t�e�(û��g�.�e�) �6�/�6�,
�D�i�t�t�o �d�i�t�t�o �w�i�t�h�d�o�u�b�l�e�c�o�n�c�e�n�t�r�i�c�w�i�c�k �.

�D�i�t�t�o�,�a�r�g�a�n�d�f�o�u�n�t�a�i�n�,�w�i�t�h�a�d�j�u�s�t�i�n�g�s�c�r�e�w�s�,�f�o�r û��x�i�n�g�o�n
�r�e�t�o�r�t�s�t�a�n�d�s �. �. �. �. �. �. �. �. �.

�L�a�m�p�,�D�a�v�y�S�a�f�e�t�y�,�f�o�r�m�i�n�e�r�s �. �.
�L�a�m�p�s�f�o�r �B�l�o�w�p�i�p�e�,�w�i�t�h�t�r�a�y�(û��g�.�6�6�9�) �.
�L�a�m�p�s�,�b�r�a�s�s�,�s�p�i�r�i�t�,�w�i�t�h�t�w�o�s�l�i�d�i�n�g�r�i�n�g�s�,�f�o�r�m�i�n�g�a�c�o�n

�v�e�n�i�e�n�t�s�t�a�n�d�,�f�o�r�s�m�a�l�l�e�v�a�p�o�r�a�t�i�n�g�d�i�s�h�e�s�,�&�c�. �.
�L�a�i�n�p�s�,�h�y�d�r�o�g�e�n�,�f�o�r�p�r�o�d�u�c�i�n�g�i�n�s�t�a�n�t�a�n�e�o�u�s�l�i�g�h�t�,�w�i�t�h�a

�j�e�t �o�f �h�y�d�r�o�g�e�n�t�h�r�o�w�n�u�p�o�n�s�p�o�n�g�y�p�l�a�t�i�n�u�m�; �b�e�s�t
�E�n�g�l�i�s�h�m�a�n�u�f�a�c�t�u�r�e �. �2�6�/�,

�M�a�g�n�e�t�s�,�H�o�r�s�e�-�s�h�o�e �. �. �. �/�6�, �[�9�, �l�l�,
�M�a�g�n�e�t�i�c�O�x�i�d�e�o�f �I�r�o�n�,�o�r �N�a�t�u�r�a�l�L�o�a�d�s�t�o�n�e�,�i�n

�p�i�e�c�e�s �.�f�r�o�m
�M�a�s�k�s�,�o�f �w�i�r�e�g�a�u�z�e�,�f�o�r�p�r�o�t�e�c�t�i�n�g�t�h�e�f�a�c�e �.
�M�a�g�n�i�f�y�i�n�g�G�l�a�s�s�e�s�f�o�r�t�h�e�p�o�c�k�e�t�,�f�o�r�e�x�a�m�i�n�i�n�g�m�i�n�e�r�a�l�s�,

�c�r�y�s�t�a�l�s�,�&�c�.�(û��g�.�7�0�1�,�a�n�d�s�e�e�O�p�t�i�c�a�l�S�e�c�t�i�o�n�)�2�1�6�, �4�/�,

�M�e�t�a�l�l�i�c�V�e�s�s�e�l�,�w�i�t�h�p�o�l�i�s�h�e�d�a�n�d�b�l�a�c�k�e�n�e�d�s�u�r�f�a�c�e�s�,
�f�o�r�s�h�e�w�i�n�g�t�h�e�a�b�s�o�r�p�t�i�o�n�a�n�d�r�a�d�i�a�t�i�o�n�o�f �h�e�a�t

�M�e�r�c�u�r�i�a�l�T�r�o�u�g�h�s�,�i�r�o�n�a�n�d�m�a�h�o�g�a�n�y�, �.�f�r�o�m
�M�o�r�t�a�r�s�a�n�d�P�e�s�t�l�e�s�,�o�f�c�a�s�t�i�r�o�n�o�r�b�r�a�s�s �,�,
�N�i�p�p�e�r�s�,�o�r�c�u�t�t�i�n�g�p�l�y�e�r�s�,�f�o�r�c�u�t�t�i�n�g�w�i�r�e �. �.

�P�l�a�t�i�n�u�m�C�r�u�c�i�b�l�e�s�,�B�a�s�i�n�s�,�a�n�d�E�v�a�p�o�r�a�t�i�n�g�D�i�s�h�e�s�.
�\ ��3�1�'�1�0�1�1�8�S�I�Z�O�S �. �. �. �. �. �p�e�r�O�Z�.

�N�o�p�r�i�c�e�s�c�a�n�b�e�g�i�v�e�n�f�o�r �P�l�a�t�i�n�u�m�V�e�s�s�e�l�s�,�a�s�t�h�e�m�a�r�k�e�t�v�a�l�u�e�o�f
�t�h�e�r�a�w�m�a�t�e�r�i�a�l�v�a�r�i�e�s�c�o�n�s�i�d�e�r�a�b�l�y�.

�P�l�a�t�i�n�u�m�F�o�r�c�e�p�s�a�n�d�S�p�o�o�n�s �1�/�6�, �3�]�, �5�/�6�,
�P�e�p�y ��s�G�a�s�H�o�l�d�e�r�,�o�f�j�a�p�a�n�n�e�d�z�i�n�c�,�w�i�t�h�l�o�n�g�p�r�e�s�s�u�r�e

�f�u�n�n�e�l�,�s�t�o�p�c�o�c�k�s�,�a�n�d�c�o�n�n�e�c�t�o�r�s�,�c�o�m�p�l�e�t�e
�D�i�t�t�o �d�i�t�t�o �i�n �c�o�p�p�e�r�j�a�p�a�n�n�e�d �. �. �.
�P�n�e�u�m�a�t�i�c�T�r�o�u�g�h�s�,�i�m�p�r�o�v�e�d�,�f�o�r �c�o�l�l�e�c�t�i�n�g�g�a�s�e�s�,�s�m�a�l�l
�D�i�t�t�o �d�i�t�t�o �2�n�d�s�i�z�e �. �. �. �. �. �.
�D�i�t�t�o �d�i�t�t�o �3�r�d�s�i�z�e �v �. �. �. �. �.

�P�n�e�u�m�a�t�i�c�T�r�o�u�g�h�s�,�o�f �a�n�y�s�i�z�e�a�n�d�s�h�a�p�e�,�m�a�d�e�t�o�o�r�d�e�r�,
�i�n �c�o�p�p�e�r�,�t�i�n�, �o�r�z�i�n�c�,�&�c�. �. �. �. �. �.

�R�eû��e�c�t�o�r�s�,�h�i�g�h�l�y�p�o�l�i�s�h�e�d�m�e�t�a�l�l�i�c�,�f�o�r �e�x�p�e�r�i�m�e�n�t�s�o�n
�r�a�d�i�a�n�t�h�e�a�t �. �. �f�r�o�m�,�p�e�r�p�a�i�r

�D�i�t�t�o�,�p�l�a�t�e�d�c�o�p�p�e�r�. �. �. �. �. �. �f�r�o�m
�D�i�t�t�o�,�s�t�a�n�d�s�f�o�r�r�eû��e�c�t�o�r�s�a�n�d�i�r�o�n�b�a�l�l

�R�e�t�o�r�t�S�t�a�n�d�s�,�s�m�a�l�l�,�o�n�m�a�h�o�g�a�n�y�f�o�o�t�,�o�n�e�r�i�n�g
�D�i�t�t�o �d�i�t�t�o �i�r�o�n�f�o�o�t�a�n�d�r�o�d�2 �a�n�d�3 �r�i�n�g�s�.  ��2�/�6�,
�D�i�t�t�o �d�i�t�t�o �b�r�a�s�s�,�l�a�r�g�e�,�w�i�t�h�h�e�a�v�y�f�o�o�t�(û��g�.�f �) �'
�D�i�t�t�o �d�i�t�t�o �w�i�t�h�f�o�u�n�t�a�i�n�,�a�r�g�a�n�r�l�l�a�m�p�,�a�n�d�t�h�r�e�e�r�i�n�g�s

�)�1

�5�]�,

�E�a�c�h�.
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�6�8 �S�C�I�E�N�T�I�F�I�C�I�N�S�T�R�U�M�E�N�T�S�M�A�N�U�F�A�C�T�U�R�E�D�B�Y�N�E�G�R�E�T�T�I�&�Z�A�M�B�R�A�,

�7�2�1

�7�2�2

�7�2�7
�7�2�8
�7�2�9

�7�3�0
�7�3�1
�7�3�2

�7�3�3

�7�3�4
�7�3�5

�7�3�6
�7�3�7

�7�3�8

�7�3�9
�7�4�0
�7�4�1
�7�4�2
�7�4�3
�7�4�4

�S�a�n�d�B�a�t�h�s�,�s�m�a�l�l�r�o�u�n�d�c�o�p�p�e�r �. �. �. �. �.
�D�i�t�t�o �d�i�t�t�o �i�n�c�o�p�p�e�r�a�n�d�i�r�o�n�,�o�f�v�a�r�i�o�u�s�f�o�r�m�s�,�f�o�r�r�e�t�o�r�t

�s�t�a�n�d�s�a�n�d�f�u�r�n�a�c�e�s�. �'
�T�h�e�u�s�e�o�f �S�a�n�d�B�a�t�h�s�p�r�e�v�e�n�t�s�t�h�e�c�r�a�c�k�i�n�g�o�f �g�l�a�s�s�v�e�s�s�e�l�s�e�x�p�o�s�e�d

�s�u�d�d�e�n�l�y�t�o �t�h�eû��a�m�e�o�f�a�s�p�l�r�i�t�l�a�m�p�.

�S�c�a�l�e�s�,�f�o�r�w�e�i�g�h�i�n�g�g�o�l�d�a�n�d�s�i�l�v�e�r�,�w�i�t�h�t�r�o�y�w�e�i�g�h�t�s
�S�c�a�l�e�s�a�n�d�W�e�i�g�h�t�s�,�l�a�r�g�e�,�t�o �s�t�a�n�d�o�n�c�o�u�n�t�e�r�o�r �t�a�b�l�e�,

�f�o�r�t�h�e�r�o�u�g�h�e�r�u�s�e�s�o�f�t�h�e�l�a�b�o�r�a�t�o�r�y�. �' �-

�S�c�a�l�e�s�,�c�h�e�m�i�c�a�l�(�s�e�e�B�a�l�a�n�c�e�s�)�.
�S�t�a�n�d�a�r�d�G�r�a�i�n�W�e�i�g�h�t�s�,�i�n �m�a�h�o�g�a�n�y�b�o�x�,�c�o�n�t�a�i�n�i�n�g

�1�0�,�0�0�0�,�6�,�0�0�0�,�3�,�0�0�0�,�2�,�0�0�0�,�1�,�0�0�0�,�6�0�0�,�3�0�0�,�2�0�0�,�1�0�0�,
�6�0�,�3�0�,�2�0�,�1�0�, �6�, �3�, �2�, �1�, �'�6�, �~�a�, �~�2�, �-�1�, �-�0�6�,�~�0�3�,�~�0�2�,�-�0�1

�S�t�a�n�d�a�r�d�G�r�a�i�n�W�e�i�g�h�t�s�,�s�m�a�l�l�e�r�s�e�t �. �. �£�3�1�3�0�,
�S�h�e�a�r�s�,�c�u�t�t�i�n�g�,�s�m�a�l�l �. �. �. �. �. �. �.
�S�i�e�v�e�s�,�o�f �h�a�i�r�,�l�a�w�n�,�a�n�d�w�i�r�e�,�f�o�r�s�t�r�a�i�n�i�n�g�o�r �s�i�f�t�i�n�g

�E�a�c�h�.
�a�. �d�.
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�0 �l

�0 �I�O �a�:
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�S�p�a�t�u�l�a�s�,�s�t�e�e�l�,�w�i�t�h�h�a�n�d�l�e�s �. �. �f�r�o�m
�D�i�t�t�o�,�p�l�a�t�i�n�u�m�. �. �. �. �. �. �. �- �n
�D�i�t�t�o�,�s�i�l�v�e�r �. �. �. �. �. �. �- �- �n
�S�t�i�l�l�s�, �p�o�r�t�a�b�l�e�,�w�i�t�h�w�o�r�m�a�n�d�t�u�b�,�f�o�r �u�s�e�o�n�c�o�m�m�o�n

û��r�e�,�1 �g�a�l�. �. �. �.
�D�i�t�t�o�,�2 �g�a�l�s�. �. �. �. �. �. �. �. �. �.
�S�t�i�l�l�s�,�c�o�p�p�e�r�,�b�e�s�t�m�a�k�e�,�p�o�r�t�a�b�l�e�,�w�i�t�h�p�e�w�t�e�r�w�o�r�m�,�t�u�b�,

�i�r�o�n�f�r�a�m�e�a�n�d�f�u�r�n�a�c�e�,�2�g�a�l�s�. �. �. �.
�D�i�t�t�o �d�i�t�t�o �5 �g�a�l�s�. �. �. �. �. �.
�D�i�t�t�o �d�i�m �1�0�'�g�a�l�s�.

�F�r�o�.�7�3�8�.

�S�t�i�l�l�s�,�W�o�r�k�i�n�g�M�o�d�e�l�o�f�, �s�u�i�t�a�b�l�e�f�o�r �t�h�e�l�e�c�t�u�r�e�t�a�b�l�e
�(û��g�.�7�3�8�)�. �. �.

�S�t�o�p�c�o�c�k�s�,�b�e�s�t�m�a�k�e�,�b�r�a�s�s
�D�i�t�t�o�,�i�r�o�n�,�s�m�a�l�l

�D�i�t�t�o�,�g�u�t�t�a�p�e�r�c�h�a �.
�D�i�t�t�o�,�g�l�a�s�s�. �. �. �.
�S�y�p�h�o�n�s�,�p�e�w�t�e�r�a�n�d�c�o�p�p�e�r �. �. �. �. �f�r�o�m
�D�i�t�t�o �d�i�t�t�o �w�i�t�h�s�t�o�p�c�o�c�k�. �. �. �. �. �,�,
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�g�a�m�e
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�S�y�r�i�n�g�e�s�,�e�x�h�a�u�s�t�i�n�g�a�n�d�c�o�n�d�e�n�s�i�n�g�(�s�e�e �P�n�e�u�m�a�t�i�c
�A�p�p�a�r�a�t�u�s�) �. �. �. �. �. �. �. �.

�S�u�p�p�o�r�t�s�f�o�r�t�u�b�e�s�,�r�e�t�o�r�t�s�,�r�e�c�e�i�v�e�r�s�,�&�c�. �. �3�1�6�,
�T�a�p�e�r�H�o�l�d�e�r�,�o�f �w�i�r�e�,�f�o�r �e�x�p�e�r�i�m�e�n�t�s�i�n �o�x�y�g�e�n�g�a�s�,�&�c�.
�T�e�s�t�T�u�b�e�B�r�u�s�h�e�s�,�f�o�r �c�l�e�a�n�i�n�g�,�m�a�d�e�f�r�o�m�g�o�a�t ��s�h�a�i�r�,

�a�n�d�t�i�p�p�e�d�w�i�t�h�s�p�o�n�g�e�. �. �. �. �. �. �.
�T�e�s�t�T�u�b�e�S�t�a�n�d�s�,�f�o�r�h�o�l�d�i�n�g�6 �t�e�s�t�t�u�b�e�s�,�w�h�i�t�e�w�o�o�d
�D�i�t�t�o �d�i�t�t�o �f�o�r�1�2�t�e�s�t�t�u�b�e�s �. �. �.

�D�i�t�t�o �d�i�t�t�o �f�o�r �8 �t�e�s�t �t�u�b�e�s�,�w�i�t�h �d�r�a�i�n�i�n�g�p�e�g�s
�(û��g�.�7�5�1�) �. �. �. �. �. �. �. �.

�D�i�t�t�o�\ �d�i�t�t�o �f�o�r �1�2�t�e�s�t�t�u�b�e�s�w�i�t�h�d�r�a�i�n�i�n�g�p�e�g�s
�T�e�s�t�T�u�b�e�S�t�a�n�d�s�,�o�f�m�a�h�o�g�a�n�y�p�o�l�i�s�h�e�d�,�w�i�t�h�d�o�u�b�l�e�s�e�t

�o�f�' �h�o�l�e�s�,�f�o�r�2�4�a�n�d�3�6�t�e�s�t�t�u�b�e�s �. �. �. �. �.
�T�e�s�t�P�a�p�e�r�s�,�r�e�d�o�r �b�l�u�e�l�i�t�m�u�s�,�a�n�d�t�u�r�m�e�r�i�c�,�b�o�u�n�d�i�n

�s�m�a�l�l�b�o�o�k�s�,�e�a�c�h�o�f �5�0�l�e�a�v�e�s�. �. �. �. �. �.
�T�e�s�t�P�a�p�e�r�s�,�n�e�u�t�r�a�l�(�r�e�d�d�e�n�e�d�b�y�a�c�i�d�s�a�n�d�t�u�r�n�e�d�b�l�u�e

�b�y�a�l�k�a�l�i�e�s�)�,�v�e�r�y�d�e�l�i�c�a�t�e �. �. �. �. �. �.
�T�a�y�l�o�r ��s�H�o�t�A�i�r�B�a�t�h�,�m�a�d�e�o�f �s�t�o�u�t�s�h�e�e�t�i�r�o�n�, �w�i�t�h

�d�o�u�b�l�e�b�o�d�y�a�n�d�b�o�t�t�o�m�,�a�n�d�l�o�n�g�c�h�i�m�n�e�y�t�o�p�r�o�d�u�c�e�a
�d�r�a�u�g�h�t�. �. �. �. �.

�T�h�e�r�m�o�m�e�t�e�r�s�(�s�e�e�L�i�s�t�)�.
�V�i�c�e�,�t�o �f�a�s�t�e�n�t�o�t�a�b�l�e �. �. �. �. �. �.
�W�i�r�e�G�a�u�z�e�,�o�f �v�a�r�i�o�u�s�s�i�z�e�s�,�f�o�r�e�x�p�e�r�i�m�e�n�t�s�o�nû��a�m�e�.
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�Y�o�u�t�h�s ��C�h�e�m�i�c�a�l�C�a�b�i�n�e�t�(û��g�.�7�6�0�)�,�c�o�n�t�a�i�n�i�n�g�u�p�w�a�r�d�s
�o�f�s�i�x�t�y�c�h�e�m�i�c�a�l�p�r�e�p�a�r�a�t�i�o�n�s�,�a�n�d�u�s�e�f�u�l�a�p�p�a�r�a�t�u�s�,�w�i�t�h
�o�u�t�d�e�l�e�t�e�r�i�o�u�s�a�n�d�d�a�n�g�e�r�o�u�s�a�r�t�i�c�l�e�s�;�t�h�e�y�a�r�e�p�e�r�f�e�c�t�l�y
�s�a�f�e�i�n �t�h�e�h�a�n�d�s�o�f�y�o�u�t�h�,�a�n�d�a�d�a�p�t�e�d�a�s�p�r�e�s�e�n�t�s�,�p�r�i�z�e�s�,
�&�c�.�,�a�n�d�f�o�r �e�x�c�i�t�i�n�g�a�t�a�s�t�e�f�o�r �c�h�e�m�i�s�t�r�y�i�n �t�h�e�y�o�u�n�g�.
�N�o�. �1�, �i�n �p�a�p�e�r�c�a�s�e �. �. �.
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�Y�o�u�t�h�s�'�C�h�e�m�i�c�a�l�C�a�b�i�n�e�t�,�N�o�.�2�, �i�n �c�e�d�a�r�c�a�s�e�,�w�i�t�h�b�o�o�k

�f�a�s�t�e�n�i�n�g�(û��g�.�7�6�0�)�. �. �. �. �. �. �.

�N�o�.�3�,�i�n �s�t�o�u�t�m�a�h�o�g�a�n�y�c�a�s�e�,�F�r�e�n�c�h�p�o�l�i�s�h�e�d�,�a�n�d�w�i�t�h

�l�o�c�k�a�n�d�k�e�y�(�f�i�g�. �7�6�0�) �. �. �. �. �.

�F�i�r�s�t�S�t�e�p�s�i�n �C�h�e�m�i�s�t�r�y�,�a�n�d�C�o�m�p�a�n�i�o�n�t�o�t�h�e�Y�o�u�t�h�s�'
�C�h�e�m�i�c�a�l�C�a�b�i�n�e�t�;�c�o�n�t�a�i�n�i�n�g�a�s�e�r�i�e�s�o�f �s�e�l�e�c�t�a�m�u�s�i�n�g
�a�n�d�i�n�s�t�r�u�c�t�i�v�e�c�h�e�m�i�c�a�l�e�x�p�e�r�i�m�e�n�t�s �-

�S�t�u�d�e�n�t�s�'�C�h�e�m�i�c�a�l�C�a�b�i�n�e�t�s�,�c�o�n�t�a�i�n�i�n�g�a �l�a�r�g�e�r�a�s�s�o�r�t
�m�e�n�t�o�f�a�p�p�a�r�a�t�u�s�o�f�a�p�r�a�c�t�i�c�a�l�l�y�u�s�e�f�u�l�s�i�z�e�i�n �m�a�h�o�g�a�n�y

�c�a�b�i�n�e�t�s�w�i�t�h�l�o�c�k�a�n�d�k�e�y�. �N�o�.�l �.
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�7�6�7 �S�t�u�d�e�n�t�s ��C�h�e�m�i�c�a�l�C�a�b�i�n�e�t�,�N�o�.�4 �(û��g�. �7�6�7�)�,�w�i�l�l �b�e
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�l�a�r�g�e�a�s�s�o�r�t�m�e�n�t�o�f�a�p�p�a�r�a�t�u�s�o�f�s�u�p�e�r�i�o�r�s�i�z�e�,�c�a�r�e�f�u�l�l�y
�a�r�r�a�n�g�e�d�i�n �a �m�a�h�o�g�a�n�y�c�a�b�i�n�e�t�,�w�i�t�h�l�o�c�k�a�n�d�k�e�y�,�&�c �
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�E�a�c�h�. �E�a�c�h�.
�£ �s�. �1�1�. �£�8�. �d�.

�7�6�5 �S�t�u�d�e�n�t�s ��C�h�e�m�i�c�a�l�C�a�b�i�n�e�t�,�N�0�.�5�. �T�h�i�s�c�h�e�s�t�i�s �g�o�t�u�p
�w�i�t�h�s�p�e�c�i�a�l�r�e�f�e�r�e�n�c�e�t�o �t�h�e�v�a�r�i�o�u�s�o�p�e�r�a�t�i�o�n�s�o�f�q�u�a�l�i�t�a
�t�i�v�e �a�n�a�l�y�s�i�s�;�i�t �c�o�n�t�a�i�n�s�t�h�e �n�e�c�e�s�s�a�r�y�r�e�-�a�g�e�n�t�s�a�n�d
�i�n�s�t�r�u�m�e�n�t�s�f�o�r �t�e�s�t�i�n�g�i�n �t�h�e�h�u�m�i�d�w�a�y�,�a�n�d�i�n�c�l�u�d�e�s
�b�l�o�w�-�p�i�p�e�a�p�p�a�r�a�t�u�s�,û��u�x�e�s�,�a�n�d�t�e�s�t�s�f�o�r�t�h�e�d�i�s�c�r�i�m�i�n�a�t�i�o�n
�o�f�o�r�e�s�,�m�i�n�e�r�a�l�s�,�&�c�. �T�h�e�a�p�p�a�r�a�t�u�s�i�s �o�f �l�a�r�g�e�s�i�z�e�,�a�n�d

�c�o�n�c�i�s�e�l�y�a�r�r�a�n�g�e�d�i�n �m�a�h�o�g�a�n�y�c�a�b�i�n�e�t�w�i�t�h�d�r�a�w�e�r�,�t�r�a�y�,
�l�o�c�k�a�n�d�k�e�y �. �. �. �. �. �. �. �. �. �8 �8 �0

�7�6�9 �A�g�r�i�c�u�l�t�u�r�a�l�T�e�s�t�C�h�e�s�t�s�,�N�o�.�l�, û��t�t�e�d�w�i�t�h�r�c�-�a�g�e�n�t�s
�a�n�d�a�p�p�a�r�a�t�u�s�f�o�r�t�h�e�q�u�a�l�i�t�a�t�i�v�e�a�n�a�l�y�s�i�s�o�f�s�o�i�l�s�,�m�a�n�u�r�e�s�,
�&�c�. �T�h�e�t�e�s�t�s�a�r�e�p�u�r�e�,�a�n�d�t�h�e�a�p�p�a�r�a�t�u�s�o�f �a �u�s�e�f�u�l
�s�i�z�e�,�c�a�r�e�f�u�l�l�y�a�r�r�a�n�g�e�d�i�n �a�s�t�o�u�t�p�i�n�e�c�a�b�i�n�e�t�,�w�i�t�h�l�o�c�k�,
�k�e�y�,�&�c�. �T�h�e�y�w�i�l�l �h�e�f�o�u�n�d�c�h�e�a�p�a�n�d�u�s�e�f�u�l�c�h�e�s�t�s
�f�o�r�f�a�r�m�e�r�s�,�g�a�r�d�e�n�e�r�s�,�&�c�. �. �. �. �. �. �.�. �3 �3 �0

�7�7�0�N�o�. �2 �. �' �5 �5 �0
�7�7�1 �N�o�.�3 �. �. �. �. �. �. �. �. �. �. �8 �0

�7�7�2 �I�m�p�r�o�v�e�d�H�y�d�r�o�-�P�n�e�u�m�a�t�i�c�A�p�p�a�r�a�t�u�s�,�c�o�m�p�r�i�s�i�n�g�i�n
�o�n�e�p�i�e�c�e�o�f �a�p�p�a�r�a�t�u�s�a �p�n�e�u�m�a�t�i�c�t�r�o�u�g�h�,�w�i�t�h�l�a�r�g�e

�t�r�a�y�t�o�h�o�l�d�g�a�s�j�a�r�s�,�a�g�a�s�o�m�e�t�e�r�,�a�n�d�a�n�h�y�d�r�a�u�l�i�c�b�l�o�w
�p�i�p�e�,�c�o�m�p�l�e�t�e�w�i�t�h�l�a�m�p�a�n�d�t�o�n�g�s�.�T�h�i�s�a�p�p�a�r�a�t�u�s�w�i�l�l
�b�e�f�o�u�n�d�a�g�r�e�a�t�a�c�q�u�i�s�i�t�i�o�n�t�o�t�h�o�s�e�w�h�o�p�u�r�c�h�a�s�e�a�n�y�o�f
�t�h�e�b�e�f�o�r�e�-�m�e�n�t�i�o�n�e�d�c�a�b�i�n�e�t�s�.
�I�n�j�a�p�a�n�n�e�d�t�i�n�, �w�i�t�h�b�r�a�s�s�m�o�u�n�t�i�n�g�s�,�N�o�.�l�, �4�2�/�. �N�o�.�2 �3 �3 �v�0
�I�n�c�o�p�p�e�r �d�i�t�t�o �N�o�.�l�, �6�3�/�. �N�o�.�2 �4 �4 �0

�7�7�3 �T�h�e�P�o�r�t�a�b�l�e�L�a�b�o�r�a�t�o�r�y�,�o�r�, �L�e�c�t�u�r�e�r�s�'�a�n�d�S�t�u�d�e�n�t�s �
�V�a�d�e�-�m�e�c�n�m�,�b�e�i�n�g�a�n�a�d�a�p�t�a�t�i�o�n�o�f�t�h�e�h�y�d�r�o�-�p�n�e�u�m�a�t�i�c
�a�p�p�a�r�a�t�u�s�t�o�t�h�e�p�u�r�p�o�s�e�s�o�f�a�p�o�r�t�a�b�l�e�l�a�b�o�r�a�t�o�r�y�,�b�y�t�h�e
�a�d�d�i�t�i�o�n�o�f �a �j�a�p�a�n�n�e�d�t�i�n �c�a�s�e�w�i�t�h�t�r�a�y�s�a�n�d�p�a�r�t�i�t�i�o�n�s�,
�c�o�n�t�a�i�n�i�n�g�n�e�a�r�l�y�n�i�n�e�t�y�c�h�e�m�i�c�a�l�p�r�e�p�a�r�a�t�i�o�n�s�,�t�e�s�t�s�,�&�c�.�,
�a�n�d�a�v�e�r�y�l�a�r�g�e�a�s�s�o�r�t�m�e�n�t�o�f�s�u�p�e�r�i�o�r�a�n�d�u�s�e�f�u�l�a�p�p�a�r�a�t�u�s�,�,

�N�u�.�l �. �. �. �. �. �. �. �. �. �. �' �5 �5 �0

�7�7 �N�o�.�2�, �l�a�r�g�e�r�s�i�z�e �. �. �. �. �. �. �. �. �1�0�1�0 �0

�7�7�5 �T�o�x�i�c�o�l�o�g�i�c�a�l�T�e�s�t�C�h�e�s�t�s�,�c�o�n�t�a�i�n�a�l�l �t�h�e �r�e�-�a�g�e�n�t�s�a�n�d
�a�p�p�a�r�a�t�u�s�n�e�c�e�s�s�a�r�y�f�o�r �t�h�e�a�c�c�u�r�a�t�e�a�n�a�l�y�s�i�s�o�f�a�n�y�s�u�b
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�8�0�5 �L�e�y�d�e�n�J�a�r�s�,�m�o�u�n�t�e�d�,�t�o�s�h�o�w�t�h�a�t�t�h�e�c�h�a�r�g�e�i�s �n�o�t�i�n �t�h�e
�m�a�t�i�n�g�s�,�a�s�t�h�o�s�e�w�i�t�h�w�h�i�c�h�i�t �i�s �c�h�a�r�g�e�d�c�a�n�b�e�r�e�m�o�v�e�d�,
�a�n�d�o�t�h�e�r�s�p�u�t�i�n �t�h�e�i�r �p�l�a�c�e�,�t�h�e�g�l�a�s�s�r�e�t�a�i�n�i�n�g�t�h�e
�e�l�e�c�t�r�i�c�i�t�y�(û��g�.�8�0�5�) �. �. �. �. �. �. �.

�8�0�6 �J�o�i�n�t�e�d�D�i�s�c�h�a�r�g�e�r�s�,�w�i�t�h�g�l�a�s�s�h�a�n�d�l�e�s�,�f�o�r �d�i�s�c�h�a�r�g�i�n�g
�e�l�e�c�t�r�i�c�a�l�j�a�r�s�,�b�a�t�t�e�r�i�e�s�,�&�c�.�(û��g�.�8�0�6�) �. �. �. �5�]�, �0

�8�0�7 �S�m�a�l�l�D�i�s�c�h�a�r�g�i�n�g�R�o�d�s�,�n�o�t�j�o�i�n�t�e�d �. �. �. �. �0
�8�0�8�M�e�d�i�c�a�l�E�l�e�c�t�r�i�c�a�l�D�i�r�e�c�t�o�r�s�,�w�i�t�h�g�l�a�s�s�h�a�n�d�l�e�s�,�f�o�r

�p�a�s�s�i�n�g�a �s�h�o�c�k�t�h�r�o�u�g�h�a�n�y�p�a�r�t�o�f �t�h�e�b�o�d�y�(û��g�s�.�8�0�8
�a�n�d�8�0�8 ��) �. �. �. �. �. �. �. �.

�F�r�o�.�8�1�6�. �F�r�o�.�8�2�2�.

�F�1�0�.�8�l�7�. �9

�F�1�0�.�8�3�2�.

� � 

�F�r�o�.�8�1�0�.� � 

�F�1�0�.�8�1�1�.
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�7�6 �S�C�I�E�N�T�I�F�I�C�I�N�S�T�R�U�M�E�N�T�S�M�A�N�U�F�A�C�T�U�R�E�D�B�Y�N�E�G�R�E�T�T�I�&�Z�A�M�B�R�A�,

�8�0�9

�8�1�0

�8�1�1

�8�1�2

�8�1�3

�8�1�4

�8�1�5

�8�1�6

�8�1�7

�8�1�8

�8�1�9

�8�2�0
�8�2�1
�8�2�2

�8 ��2�3
�8�2�4

�8�2�5

�8�'�2�6

�8�2�7

�8�2�8

�1�1�0�1�1�l�e�U�n�i�v�e�r�s�a�l�D�i�s�c�h�a�r�g�e�r�,�w�i�t�h�p�r�e�s�s�a�n�d�t�a�b�l�e�,�f�o�r
�d�eû��a�g�r�a�t�i�n�g�t�h�e�m�e�t�a�l�s�b�y�e�l�e�c�t�r�i�c�i�t�y�,�o�r�e�x�p�o�s�i�n�g�v�a�r�i�o�u�s
�s�u�b�s�t�a�n�c�e�s�t�o�e�l�e�c�t�r�i�c�a�l�a�c�t�i�o�n�. �. �.

�D�i�t�t�o�,�w�i�t�h�c�h�a�r�c�o�a�l�f�o�r�c�e�p�s�,�&�c�.�, �a�d�a�p�t�e�d

�o�r�v�o�l�t�a�i�c�e�l�e�c�t�r�i�c�i�t�y�(û��g�.�8�1�0�) �. �. �. �. �.

�C�u�t�h�b�e�r�t�s�o�n ��s�S�e�l�f�-�a�c�t�i�n�g�B�a�l�a�n�c�e�o�r �S�t�e�e�l�y�a�r�d�D�i�s
�c�h�a�r�g�e�:�(û��g�.�8�1�1�)�,�f�o�r�i�n�d�i�c�a�t�i�n�g�t�h�e�f�o�r�c�e�o�r�s�t�r�e�n�g�t�h�o�f
�t�h�e�d�i�s�c�h�a�r�g�e�f�r�o�m�a�n�e�l�e�c�t�r�i�c�b�a�t�t�e�r�y�,�b�y�t�h�e�p�o�s�i�t�i�o�n�o�f
�t�h�e�s�h�i�f�t�i�n�g�w�e�i�g�h�t�o�n�t�h�e�g�r�a�d�u�a�t�e�d�b�a�l�a�n�c�e�a�r�m �f�r�o�m

�B�e�n�n�e�t�t ��s�G�o�l�d�L�e�a�f�E�l�e�c�t�r�o�s�c�o�p�e�,�t�h�i�s �i�n�s�t�r�u�m�e�n�t�i�s
�u�s�e�d�f�o�r �s�h�e�w�i�n�g�v�e�r�y�m�i�n�u�t�e�q�u�a�n�t�i�t�i�e�s�o�f �e�l�e�c�t�r�i�c�i�t�y

�(û��g�.�8�1�2�)�.�.�.�.�.�.�.�.
�H�e�n�l�y ��s�Q�u�a�d�r�a�n�t�E�l�e�c�t�r�o�m�e�t�e�r�,�w�i�t�h�g�r�a�d�u�a�t�e�d�a�r�e�,�f�o�r

�e�x�p�e�r�i�m�e�n�t�s�w�i�t�h�a�c�c�u�m�u�l�a�t�e�d�e�l�e�c�t�r�i�c�i�t�y�(û��g�.�8�1�3�)

�C�a�v�a�l�l�o ��s�P�i�t�h�B�a�l�l�E�l�e�c�t�r�o�s�c�o�p�e�,�w�i�t�h�s�t�o�p�c�o�c�k�f�o�r �e�x
�h�a�u�s�t�i�o�n�(û��g�.�8�1�4�)�. �. �. �. �. �. �. �.

�H�a�r�r�i�s�'�s�B�a�l�a�n�c�e�B�e�a�m�E�l�e�c�t�r�o�m�e�t�e�r�,�f�o�r �e�s�t�i�m�a�t�i�n�g�i�n
�g�r�a�i�n�w�e�i�g�h�t�s�,�t�h�e�a�t�t�r�a�c�t�i�v�e�p�o�w�e�r�e�x�e�r�t�e�d�b�e�t�w�e�e�n�t�w�o
�o�p�p�o�s�i�t�e�l�y�e�l�e�c�t�r�iû��e�d�s�u�r�f�a�c�e�s �, �_ �_ �_

�S�a�u�s�s�u�r�e�'�s�E�l�e�c�t�r�o�s�c�o�p�e�,�f�o�r �e�x�p�e�r�i�m�e�n�t�s�o�n�a�t�m�o�s�p�h�e�r�i�c
�e�l�e�c�t�r�i�c�i�t�y�(û��g�.�8�1�6�) �. �. �. �. �. �. �.

�I�m�p�r�o�v�e�d�E�l�e�c�t�r�i�c�a�l�C�o�n�d�e�n�s�e�r�a�n�d�A�p�p�a�r�a�t�u�s�,�f�o�r�e�x
�p�e�r�i�m�e�n�t�s�u�p�o�n�d�i�s�g�u�i�s�e�d�o�r�p�a�r�a�l�y�s�e�d�e�l�e�c�t�r�i�c�i�t�y�,�a�r�r�a�n�g�e�d
�t�o �c�o�n�n�e�c�t�w�i�t�h�a�g�o�l�d�l�e�a�f�e�l�e�c�t�r�o�s�c�o�p�e�(û��g�.�8�1�7�)�.

�E�l�e�c�t�r�i�c�a�l�C�o�n�d�e�n�s�e�r�,�c�o�n�s�i�s�t�i�n�g�o�f �t�w�o�b�r�a�s�s�p�l�a�t�e�s�,�o�n�e
�s�u�p�p�o�r�t�e�d�o�n�a �g�l�a�s�s�i�n�s�u�l�a�t�i�n�g�s�t�e�m�,�t�h�e �o�t�h�e�r�r�e�s�t�i�n�g
�u�p�o�n�a�c�o�n�d�u�c�t�i�n�g�s�t�e�m�j�o�i�n�t�e�d�a�t �t�h�e�b�o�t�t�o�m�(û��g�.�8�1�8�)�.

�I�n�s�u�l�a�t�e�d�S�t�o�o�l�s�,�f�o�r �m�e�d�i�c�a�l�a�n�d�o�t�h�e�r�p�u�r�p�o�s�e�s�w�h�e�r�e�i�t
�i�s �r�e�q�u�i�r�e�d�t�o�i�n�s�u�l�a�t�e�a�b�o�d�y�f�r�o�m�t�h�e�g�r�o�u�n�d

�D�i�t�t�o�,�w�i�t�h�m�a�h�o�g�a�n�y�t�o�p�s�. �. �. �.
�M�a�g�i�c�P�i�c�t�u�r�e�,�i�n �f�r�a�m�e�,�f�o�r�g�i�v�i�n�g�s�l�i�g�h�t�s�h�o�c�k�s
�N�a�m�e�s�o�r �W�o�r�d�s�,�a�r�r�a�n�g�e�d�u�p�o�n�g�l�a�s�s�,�w�i�t�h�p�i�e�c�e�s�o�f�t�i�n

�f�o�i�l�, �w�h�i�c�h�m�a�y�b�e�r�e�n�d�e�r�e�d�l�u�m�i�n�o�u�s�i�n �t�h�e�d�a�r�k�b�y�t�h�e
�a�g�e�n�c�y�o�f �e�l�e�c�t�r�i�c�i�t�y�(û��g�.�8�2�2�) �. �. �. �4�/�6�,

�S�t�a�r�,�f�o�r�m�e�d�o�f �s�p�a�n�g�l�e�s�o�f �t�i�n �f�o�i�l�, �o�n�aû��a�t�g�l�a�s�s �. �f�r�o�m
�B�i�r�d�,�f�o�r�m�e�d�o�f�s�p�a�n�g�l�e�s�o�f�t�i�n �f�o�i�l�, �o�n�aû��a�t�g�l�a�s�s �. �,�,
�P�a�i�n�t�e�d�G�l�a�s�s�P�l�a�n�e�,�o�n�s�t�a�n�d�,�i�n �d�i�f�f�e�r�e�n�t�c�o�l�o�u�r�s�,�w�i�t�h

�d�e�v�i�c�e�s�o�f �t�i�n �f�o�i�l�, �f�o�r�s�h�e�w�i�n�g�t�h�e�e�l�e�c�t�r�i�c�l�i�g�h�t �(û��g�.�8�2�5�)
�D�i�a�m�o�n�d�S�p�o�t�t�e�d�J�a�r�s�,�s�h�e�w�i�n�g�a �b�e�a�u�t�i�f�u�l�l�i�g�h�t�w�h�e�n

�d�i�s�c�h�a�r�g�e�d�i�n �a�d�a�r�k�r�o�o�m �. �. �. �. �. �8�1�6�,

�E�g�g�S�t�a�n�d�,�f�o�r �e�x�h�i�b�i�t�i�n�g�e�g�g�s�,�&�c�, �r�e�n�d�e�r�e�d�l�u�m�i�n�o�u�s
�d�u�r�i�n�g�t�h�e�p�a�s�s�a�g�e�o�f �e�l�e�c�t�r�i�c�i�t�y�(û��g�.�8�2�7�)

�I�m�a�g�e�P�l�a�t�e�s�,�b�r�a�s�s�s�t�a�n�d�w�i�t�h�h�o�o�k�,�t�o �c�o�n�n�e�c�t�t�o �p�r�i�m�e
�c�o�n�d�u�c�t�o�r�,�f�o�r�p�i�t�hû��g�u�r�e�s�,�i�l�l�u�s�t�r�a�t�i�n�g�e�l�e�c�t�r�i�c�a�l�a�t�t�r�a�c�t�i�o�n
�a�n�d�r�e�p�u�l�s�i�o�n�(û��g�.�8�2�8�)�.

�f�o�r �f�r�i�c�t�i�o�n�a�l

�E�a�c�h�.
�5 �s�. �d�.
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�1�0
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�1�5
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�1�0�1�,�H�O�L�B�O�R�N�H�I�L�L�,�1�, �H�A�T�T�O�N�G�A�R�D�E�N�,�m�,�5�9�,�0�0�m�m�a�n�L�O�N�D�O�N�.�7�7

�8�2�9

�8�3�0

�8�3�1

�8�3�2

�8�3�3
�8�3�4

�8�3�5

�8�3�6

�8�3�7

�8�3�8

�8�3�9

�8�4�0

�8�4�1

�F�r�o�.�8�2�7�.

�F�1�0�.�8�2�8�.
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� 

�I�m�a�g�e�P�l�a�t�e�s�,�w�i�t�h�i�n�s�u�l�a�t�e�d�g�l�a�s�s�s�u�p�p�o�r�t�f�o�r�t�h�e�u�p�p�e�r
�p�l�a�t�e�;�c�o�n�n�e�c�t�i�o�n�b�e�i�n�g�m�a�d�e�f�r�o�m�t�h�e�p�r�i�m�e�c�o�n�d�u�c�t�o�r�,
�t�h�eû��g�u�r�e�s�a�r�e�r�e�m�o�v�e�d�f�r�o�m�t�h�e�a�t�t�r�a�c�t�i�v�e�i�nû��u�e�n�c�e�o�f
�t�h�e�c�y�l�i�n�d�e�r�(û��g�.�8�2�9�)�. �. �. �. �. �.

�F�i�g�u�r�e�s�,�m�a�d�e�o�f�e�l�d�e�r�p�i�t�h�,�p�l�a�i�n�l�l�, �j�o�i�n�t�e�d

�P�i�t�h�B�a�l�l�S�t�a�n�d�,�a�n�o�t�h�e�r�i�l�l�u�s�t�r�a�t�i�o�n�o�f�e�l�e�c�t�r�i�c�a�l�a�t�t�r�a�c�t�i�o�n
�a�n�d�r�e�p�u�l�s�i�o�n�. �. �. �.

�D�i�t�t�o�,�w�i�t�h�b�a�l�l�a�n�d�w�i�r�e�(û��g�.�8�3�2�) �. �.
�P�i�t�h�B�a�l�l�s�. �. �. �. �. �. �p�e�r�d�o�z�e�n
�G�r�o�t�e�s�q�u�e�C�a�r�v�e�d�H�e�a�d�,�w�i�t�h�h�a�i�r�, �f�o�r �i�l�l�u�s�t�r�a�t�i�n�g�t�h�e

�p�r�i�n�c�i�p�l�e�t�h�a�t�b�o�d�i�e�s�s�i�m�i�l�a�r�l�y�e�l�e�c�t�r�iû��e�d�r�e�p�e�l�e�a�c�h�o�t�h�e�r
�(û��g�.�8�3�4�) �. �. �. �. �. �. �. �. �.

�m�e�c�t�r�i�c�a�l�S�w�a�n�,�w�h�i�c�h�,�p�l�a�c�e�d�o�n�t�h�e�s�u�r�f�a�c�e�o�f �a �v�e�s�s�e�l

�o�f�e�l�e�c�t�r�iû��e�d�w�a�t�e�r�,�w�i�l�l �b�e�a�t�t�r�a�c�t�e�d�t�o�a�n�y�p�a�r�t�b�y�p�r�e
�s�e�n�t�i�n�g�t�h�eû��n�g�e�r�t�o �i�t �(û��g�.�8�3�5�) �. �. �. �. �.

�E�l�e�c�t�r�i�c�a�l�S�p�i�d�e�r�,�b�y�e�l�e�c�t�r�i�f�y�i�n�g�w�h�i�c�h�,�a�n�d�p�r�e�s�e�n�t�i�n�g�a
�b�a�l�l�,�w�i�l�l�b�e�a�t�t�r�a�c�t�e�d�,�b�u�t�r�e�p�e�l�l�e�d�b�y�a�p�o�i�n�t �. �. �.

�C�o�l�o�u�r�e�d�G�l�a�s�s�a�n�d�P�a�p�e�r�P�l�u�m�e�s�,�t�o �e�x�h�i�b�i�t�t�h�e�r�e�p�u�l
�s�i�v�e�a�c�t�i�o�n�o�f�s�i�m�i�l�a�r�l�y�e�l�e�c�t�r�iû��e�d�b�o�d�i�e�s�. �. �. �.

�E�l�e�c�t�r�i�c�a�l�M�a�s�k�,�w�i�t�h�b�r�a�s�s�c�a�p�a�n�d�v�a�l�v�e�f�o�r �e�x�h�a�u�s�t�i�o�n�,
�t�o�i�m�i�t�a�t�e�t�h�e�a�u�r�o�r�a�b�o�r�e�a�l�i�s�(û��g�.�8�3�8�)�. �. �.

�L�u�m�i�n�o�u�s�C�o�n�d�u�c�t�o�r�s�,�w�i�t�h�v�a�l�v�e�f�o�r�e�x�h�a�u�s�t�i�o�n�,�t�o �s�h�o�w
�t�h�e�p�a�s�s�a�g�e�o�f�e�l�e�c�t�r�i�c�l�i�g�h�t�t�h�r�o�u�g�h�a�p�a�r�t�i�a�l�v�a�c�u�u�m�,�o�n
�s�t�a�n�d�(û��g�.�8�3�9�) �. �. �. �. �. �. �. �.

�A�p�p�a�r�a�t�u�s�t�o �e�x�h�i�b�i�t�t�h�e�e�f�f�e�c�t�o�f �a �f�a�l�l�i�n�g�s�t�a�r �.
�B�u�c�k�e�t�a�n�d�S�y�p�h�o�n�t�o�s�u�s�p�e�n�d�f�r�o�m�t�h�e�p�r�i�m�e�c�o�n�d�u�c�t�o�r�;

�t�h�i�s�e�x�p�e�r�i�m�e�n�t�s�h�o�w�s�t�h�a�t�w�a�t�e�r�,�w�h�i�c�h�p�r�e�v�i�o�u�s�t�o�b�e�i�n�g
�e�l�e�c�t�r�iû��e�d�o�n�l�y�f�e�l�l �i�n �d�r�o�p�s�,�w�h�e�n�e�l�e�c�t�r�iû��e�d�r�u�n�s�i�n �a
�s�t�r�e�a�m�,�a�n�d�i�n �a�d�a�r�k�r�o�o�m�i�s �l�u�m�i�n�o�u�s�.

�0�1�2
�0�2

� � 

�L ��:
�6�'�1



�7�8  � �S�C�I�E�N�T�I�F�I�C�I�N�S�T�R�U�M�E�N�T�S�M�A�N�U�F�A�C�T�U�R�E�D�B�Y�N�E�G�R�E�T�T�I�&�Z�A�M�B�R�A�,

�8�4�2

�8�4�3

�8�4�4

�8�4�5

�8�4�6

�F�r�o�.�8�3�8�.

� � 

� � 

�F�r�o�.�8�5�5�. �

�F�1�0�.�8�4�5�.

� 

� � 

� 

� 

� � 

�H�a�n�d�S�p�i�r�a�l�,�c�o�n�s�i�s�t�i�n�g�o�f �t�w�o�g�l�a�s�s�t�u�b�e�s�w�i�t�h�b�r�a�s�s�c�a�p�s
�t�h�e�i�n�s�i�d�e�o�n�e�c�o�v�e�r�e�d�i�n �a �s�p�i�r�a�l�f�o�r�m�w�i�t�h�s�p�a�n�g�l�e�s�o�f
�t�i�n �f�o�i�l�, �s�h�e�w�i�n�g�,�w�h�e�n�p�r�e�s�e�n�t�e�d�t�o�a�n�e�x�c�i�t�e�d�c�o�n�d�u�c�t�o�r�,
�a�s�p�i�r�a�l�s�t�r�e�a�m�o�f�e�l�e�c�t�r�i�c�a�l�l�i�g�h�t�(û��g�.�8�4�2�) �. �. �3�/�, �0 �4 �0 �0 �5 �6

�S�e�t�O�fû��v�e�S�p�i�r�a�l�s�,�0�n�m�a�h�o�g�a�n�y�p�e�d�e�s�t�a�l�,�w�i�t�h�i�n�s�u�l�a�t�e�d
�r�e�v�o�l�v�i�n�g�b�a�l�l�s�i�n �t�h�e �c�e�n�t�r�e�,�w�h�i�c�h�b�y �t�h�e�i�r �m�o�t�i�o�n
�p�r�o�d�u�c�e�a�s�p�l�e�n�d�i�d�s�u�c�c�e�s�s�i�o�n�o�f �s�p�i�r�a�l�l�i�n�e�s�o�f �l�i�g�h�t

�S�e�t�O�fû��v�e�S�p�i�r�a�l�s�,�b�e�s�t�,�w�i�t�h�c�o�l�o�u�r�e�d�t�u�b�e�s

�R�e�v�o�l�v�i�n�g�S�p�i�r�a�l�,�o�n�s�t�a�n�d�. �T�h�e�e�l�e�c�t�r�i�cû��y �o�r �w�h�i�r�l
�r�e�v�o�l�v�e�s�b�y�t�h�e�d�i�s�p�e�r�s�i�o�n�o�f �e�l�e�c�t�r�i�c�i�t�y�f�r�o�m�t�h�e�p�o�i�n�t�s�,
�p�r�e�s�e�n�t�i�n�g�a �v�e�r�y�b�e�a�u�t�i�f�u�l�a�p�p�e�a�r�a�n�c�e�i�n �a �d�a�r�k�r�o�o�m

�(û��g�.�8�4�5�) �. �. �. �. �.

�G�a�m�n�t�o�f�B�e�l�l�s�. �T�h�i�s�e�x�p�e�r�i�m�e�n�t�c�o�n�s�i�s�t�s�o�f �e�i�g�h�t�b�e�l�l�s
�a�r�r�a�n�g�e�d�o�n�a�s�t�a�n�d�,�w�i�t�h�a�n�e�l�e�c�t�r�i�c�a�lû��y�o�r�w�h�i�r�l�c�a�r�r�y�i�n�g
�a �c�l�a�p�p�e�r�,�w�h�i�c�h�i�n �r�e�v�o�l�v�i�n�g�,�s�t�r�i�k�e�s�e�a�c�h�o�f �t�h�e�b�e�l�l�s

�(û��g�.�8�4�6�) �. �. �. �. �. �. �. �. �. �1

�1�1�0

�2�2�0

�F�r�o�.�8�5�5�.

�F�I�G�.�8�5�2�.� 

� 

� � 



�1�0�7�,�H�O�L�B�O�R�N�H�I�L�L�,�1�, �H�A�T�T�O�N�G�A�R�D�E�N�,�A�N�D�6�9�, �C�O�B�N�H�I�L�L�,�L�O�N�D�O�N�.�7�9

� � 

�8�4�7

�8�4�8

�8�4�9

�8�5�1
�8�5�2

�8�5�3

� � 

� 

�F�I�G�.�8�5�4�.

�F�I�G�.�8�6�0�.

�S�e�t�o�f�T�w�o�E�l�e�c�t�r�i�c�a�l�B�e�l�l�s�. �T�h�e�s�i�m�p�l�e�s�t�f�o�r�m�o�f �t�h�e
�e�x�p�e�r�i�m�e�n�t�,�o�n�e�b�e�l�l �c�o�m�m�u�n�i�c�a�t�i�n�g�w�i�t�h�t�h�e �p�r�i�m�e
�c�o�n�d�u�c�t�o�r�,�t�h�e�o�t�h�e�r�w�i�t�h�t�h�e�g�r�o�u�n�d�,�a�n�d�m�a�d�e�t�o �r�i�n�g
�b�y�t�h�e�a�l�t�e�r�n�a�t�e�b�l�o�w�s�o�f �a�b�r�a�s�s�b�a�l�l�s�u�s�p�e�n�d�e�d�b�e�t�w�e�e�n
�t�h�e�m�b�y�a�s�i�l�k�c�o�r�d�. �. �. �. �. �. �. �.

�S�e�t�O�f�T�h�r�e�e�d�i�t�t�o�,�o�n�b�r�a�s�s�r�o�d�,�t�o�s�u�s�p�e�n�d�f�r�o�m�t�h�e�c�o�n
�d�u�c�t�o�r�.�T�h�e�a�c�t�i�o�n�o�f �t�h�e�s�e�i�s �t�h�e�s�a�m�e�a�s�t�h�e�p�r�e�c�e�d�i�n�g

�F�r�e�n�c�h�A�r�r�a�n�g�e�m�e�n�t�f�o�r�i�l�l�u�s�t�r�a�t�i�n�g�t�h�e�c�h�i�m�i�n�g�o�f�b�e�l�l�s�,
�b�y�e�l�e�c�t�r�i�c�a�l�a�c�t�i�o�n�,�o�n�e�b�e�l�l �b�e�i�n�g�c�o�n�n�e�c�t�e�d�w�i�t�h�t�h�e
�i�n�n�e�r�,�a�n�d�t�h�e�o�t�h�e�r�w�i�t�h�t�h�e�o�u�t�e�r�c�o�a�t�i�n�g�o�f �a �L�e�y�d�e�n

�j�a�r �(û��g�.�8�4�9�)�. �. �. �. �. �. �. �.
�E�l�e�c�t�r�i�c�a�l�F�l�y�o�r �W�h�e�e�l�,�f�o�r �p�r�o�d�u�c�i�n�g�m�o�t�i�o�n�b�y�t�h�e

�d�i�s�p�e�r�s�i�o�n�o�f�e�l�e�c�t�r�i�c�i�t�y�f�r�o�m�p�o�i�n�t�s�(û��g�.�8�5�0�) �. �' �.
�T�h�r�e�e�d�i�t�t�o�o�n�o�n�e�s�t�a�n�d �. �. �. �. �.
�E�l�e�c�t�r�i�c�a�l�O�r�r�e�r�y�o�r�P�l�a�n�i�t�a�r�i�u�m�,�r�e�p�r�e�s�e�n�t�i�n�g�t�h�e�m�o�t�i�o�n�s

�o�f�t�h�e�s�u�n�,�e�a�r�t�h�,�a�n�d�m�o�o�n�(û��g�.�8�5�2�) �- �. �. �.
�E�l�e�c�t�r�i�c�a�l�M�i�l�l�,�s�h�e�w�i�n�g�r�o�t�a�t�i�o�n�p�r�o�d�u�c�e�d�b�y�e�l�e�c�t�r�i�c�i�t�y

�g�i�v�e�n�o�f�f �f�r�o�m�t�h�e�p�o�i�n�t�s�o�f �t�h�e�v�a�n�e�(û��g�.�8�5�3�)
�A�p�p�a�r�a�t�u�s�f�o�r �e�x�p�l�a�i�n�i�n�g�t�h�e�t�h�e�o�r�y�o�f �t�h�u�n�d�e�r�c�l�o�u�d�s

�(û��g�.�8�5�4�) �. �. �. �. �. �. �. �.
�T�h�u�n�d�e�r�H�o�u�s�e�,�f�o�r �s�h�e�w�i�n�g�t�h�e �u�s�e�o�f �l�i�g�h�t�n�i�n�g�c�o�n

�d�u�c�t�o�r�s�(û��g�s�.�8�5�5�a�n�d�8�5�5�'�) �.

�1 ��1�0�.�8�6�8�.

� 

�F�l�o�.�8�5�9�.

�6�1�'�:�»
�F�l�o�.�8�5�8�.

�0�1�5

�0�7�6�.�0�1�2

�F�1�0�.�8�6�3�.

� � 

� � 



�8�0 �S�C�I�E�N�T�I�F�I�C�I�N�S�T�R�U�M�E�N�T�S�M�A�N�U�F�A�C�T�U�R�E�D�B�Y�N�E�G�B�E�T�T�I�&�Z�A�M�B�R�A�,

�8�5�6

�8�5�7

�8�5�8

�8�5�9
�8�6�0
�8�6�1

�8�6�2

�8�6�3

�8�6�4

�8�6�5

�8�6�6

�8�6�7

�8�6�8
�8�6�9
�8�7�0
�8�7�1
�8�7�2
�8�7�3
�8�7�4
�8�7�5
�8�7�6
�8�7�7
�8�7�8
�8�7�9

�8�8�0

�P�o�w�d�e�r�H�o�u�s�e�,�f�o�r�s�h�e�w�i�n�g�t�h�e�n�e�c�e�s�s�i�t�y�o�f �a �c�o�n�t�i�n�u�o�u�s
�m�e�t�a�l�l�i�c�l�i�g�h�t�n�i�n�g�c�o�n�d�u�c�t�o�r�,�w�h�i�c�h�,�i�n �t�h�i�s�e�x�p�e�r�i�m�e�n�t�,�i�s
�b�r�o�k�e�n�i�n�t�h�e�c�e�n�t�r�e�o�f �a�c�u�p�c�o�n�t�a�i�n�i�n�g�g�u�n�p�o�w�d�e�r�,�t�h�a�t
�e�x�p�l�o�d�e�s�b�y�a�n�e�l�e�c�t�r�i�c�a�l�d�i�s�c�h�a�r�g�e�,�a�n�d�b�l�o�w�s�d�o�w�n�t�h�e
�h�o�u�s�e�(û��g�.�8�5�6�) �. �. �. �. �. �. �. �.

�S�t�u�r�g�e�o�n ��s�A�p�p�a�r�a�t�u�s�f�o�r �i�g�n�i�t�i�n�g�g�u�n�p�o�w�d�e�r�,�a�l�c�o�h�o�l�,
�a�n�t�h�e�r�,�&�c�.�,�b�y�e�l�e�c�t�r�i�c�i�t�y�. �. �. �. �. �. �.

�E�l�e�c�t�r�i�c�a�l�C�a�n�n�o�n�s�,�f�o�rû��r�i�n�g�a �m�i�x�t�u�r�e�o�f �h�y�d�r�o�g�e�n�g�a�s
�a�n�d�a�t�m�o�s�p�h�e�r�i�c�a�i�r�b�y�a�n�e�l�e�c�t�r�i�c�s�p�a�r�k�(û��g�.�8�5�8�)�. �9�]�,

�E�l�e�c�t�r�i�c�a�l�P�i�s�t�o�l�,�f�o�r�t�h�e�s�a�m�e�e�x�p�e�r�i�m�e�n�t�(û��g�.�8�5�9�)
�A�p�p�a�r�a�t�u�s�a�n�d�M�a�t�e�r�i�a�l�f�o�r�c�h�a�r�g�i�n�g�d�i�t�t�o�w�i�t�h�g�a�s
�E�l�e�c�t�r�i�c�a�l�P�o�w�d�e�r�C�a�n�n�o�n�,�f�o�r û��r�i�n�g�g�u�n�p�o�w�d�e�r�b�y�d�i�s

�c�h�a�r�g�e�o�f �a �L�e�y�d�e�n�j�a�r �. �. �. �. �. �f�r�o�m
�I�v�o�r�y�B�o�m�b�o�r �M�o�r�t�a�r�,�f�o�r û��r�i�n�g�e�x�p�l�o�s�i�v�e�c�o�m�p�o�u�n�d�s

�b�y�e�l�e�c�t�r�i�c�i�t�y�. �. �. �. �. �. �. �. �.

�E�l�e�c�t�r�i�c�a�l�S�p�o�r�t�s�m�a�n�.�T�h�i�s�p�o�p�u�l�a�r�e�x�p�e�r�i�m�e�n�t�c�o�n�s�i�s�t�s
�o�f�a�L�e�y�d�e�n�j�a�r�,�a�n�d�aû��g�u�r�e�c�a�r�v�e�d�t�o�r�e�p�r�e�s�e�n�t�a�s�p�o�r�t�s
�m�a�n�s�h�o�o�t�i�n�g�;�t�w�o�w�i�r�e�s�a�r�e�i�n�s�e�r�t�e�d�i�n �t�h�e�j�a�r�, �a�t �t�h�e
�e�n�d�o�f �o�n�e�s�o�m�e�p�i�t�h�b�i�r�d�s�,�t�h�e�o�t�h�e�r�i�s �b�r�o�u�g�h�t�n�e�a�r�t�h�e
�p�o�i�n�t�o�f �t�h�e�g�u�n�. �A�c�h�a�i�n�f�r�o�m�t�h�e�p�r�i�m�e�c�o�n�d�u�c�t�o�r�i�s
�c�o�n�n�e�c�t�e�d�w�i�t�h�t�h�e�w�i�r�e�c�o�m�m�u�n�i�c�a�t�i�n�g�w�i�t�h�t�h�e�b�a�s�e�o�f
�t�h�e�j�a�r�, �a�n�d�i�n �s�o�o�n�a�s�t�h�e�m�a�c�h�i�n�e�i�s �p�u�t�i�n �a�c�t�i�o�n�t�h�e
�b�i�r�d�s�r�i�s�e�,�b�u�t�f�a�l�l�, �a�s�i�f �s�h�o�t�,�i�m�m�e�d�i�a�t�e�l�y�t�h�e�j�a�r �i�s �d�i�s
�c�h�a�r�g�e�d�(û��g�.�8�6�3�) �.

�C�y�l�i�n�d�e�r�s�,�o�f�s�h�e�l�l�a�c�o�r�s�e�a�l�i�n�g�w�a�x�,�f�o�r
�e�x�c�i�t�a�t�i�o�n �. �. �. �. �. �. �. �.

�C�y�l�i�n�d�r�i�c�a�l�G�l�a�s�s�T�u�b�e�s�,�f�o�r�e�x�h�i�b�i�t�i�n�g�v�i�t�r�e�o�u�s�e�l�e�c�t�r�i�c�a�l
�e�x�c�i�t�a�t�i�o�n �. �. �. �. �. �. �. �. �.

�C�y�l�i�n�d�e�r�s�,�E�l�e�c�t�r�i�c�a�l �. �. �. �. �2�/�6�, �3�/�6�,
�C�i�r�c�u�l�a�r�G�l�a�s�s�P�l�a�t�e�s�,�f�o�r �e�l�e�c�t�r�i�c�a�l�m�a�c�h�i�n�e�s�,�c�u�t �a�n�d

�i�l�l�u�s�t�r�a�t�i�n�g�r�e�s�i�n�o�u�s

�p�o�l�i�s�h�e�d�: �
�D�i�a�m�e�t�e�r�. �9�-�l�n�. �I�'�Z�-�l�n�. �l�5�-�l�n�. �l�S�-�l�n�. �2�a�m�.

�P�r�i�c�e �6�/ �1�2�/ �2�1�/ �s�o�; �6�6�/
�C�o�n�d�u�c�t�o�r�s�f�o�r�e�l�e�c�t�r�i�c�a�l�m�a�c�h�i�n�e�s�,�b�l�a�c�k�j�a�p�a�n�. �. �3�/�6�,
�D�i�t�t�o�,�b�r�a�s�s �. �. �. �f�r�o�m

�G�l�a�s�s�J�a�r�s�,�f�o�r�c�o�a�t�i�n�g�,
�G�l�a�s�s�H�a�n�d�l�e�s�.
�G�l�a�s�s�L�e�g�s�o�r �S�u�p�p�o�r�t�s �. �.
�G�l�a�s�s�R�e�d�,�f�o�r�e�l�e�c�t�r�i�c�a�l�a�p�p�a�r�a�t�u�s�,�p�e�r�l�b �.
�G�u�t�t�a�P�e�r�c�h�a�d�i�t�t�o �. �. �. �. �. �. �. �.
�B�r�a�s�s�B�a�l�l�s �. �. �f�r�o�m�[�6�, �l�9�, �1�]�,
�D�i�t�t�o�,�w�i�t�h�c�o�l�l�a�r�a�n�d�w�i�r�e�,�f�o�r�L�e�y�d�e�n�j�a�r�s �. �1�/�6�,
�A�m�a�l�g�a�m�,�p�e�r�b�o�x �. �. �.
�B�r�a�s�s�C�h�a�i�n�,�p�e�r�y�a�r�d �. �. �. �. �. �. �.
�S�t�r�i�p�s�o�f �G�i�l�t �a�n�d�S�i�l�v�e�r�e�d�L�e�a�t�h�e�r�,�t�o �i�l�l�u�m�i�n�a�t�e�b�y

�t�h�e�e�l�e�c�t�r�i�c�s�p�a�r�k�,�p�e�r�y�a�r�d �. �. �t �-
�B�a�l�l�s�o�f �I�v�o�r�y�,�B�o�n�e�,�B�o�x�w�o�o�d�a�n�d

�l�l�p�t�s�.�1�] �p�t�s�.�1�1�6 �q�t�s�'�. �2�/ �3�p�t�s�.
�. �. �1�/�3�,

�1�/�6�,

�E�b�o�n�y�.
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�1�0�7�,�H�O�L�B�O�R�N�H�I�L�L�,�1�, �I�I�A�T�T�O�N�G�A�R�D�E�N�,�m�.�5�9�, �C�O�R�N�H�I�L�L�,�L�O�N�D�O�N�.�8�1

�V�O�L�T�A�I�C�O�R�G�A�L�V�A�N�I�C�A�P�P�A�R�A�T�U�S�.

�F�r�o�.�8�8�9�.

�F�1�0�.�8�8�5�.

�/�/ �/�/�/ ��/�" ��5 ��/ � �w�e�m�a�y
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�8�8�1 �V�o�l�t�a�'�s�P�i�l�e �o�f �5�0�p�a�i�r �o�f �Z�i�n�c�a�n�d�C�o�p�p�e�r�P�l�a�t�e�s�,
�s�o�l�d�e�r�e�d�t�o�g�e�t�h�e�r�,�o�n�a�m�a�h�o�g�a�n�y�s�t�a�n�d�. �0 �l�5 �0 �l �b �0

�8�3�2 �Z�i�n�c�a�n�d�C�o�p�p�e�r�P�l�a�t�e�s�,�s�o�l�d�e�r�e�d�t�o�g�e�t�h�e�r �. �p�e�r�d�o�z�. �0 �2 �6 �0 �5 �0
�8�8�3 �P�a�i�r�s�o�f �S�i�l�v�e�r�a�n�d�Z�i�n�c�W�i�r�e�s�,�s�o�l�d�e�r�e�d�t�o�g�e�t�h�e�r�,�f�o�r

�V�o�l�t�a�'�s�C�o�u�r�o�n�n�e�d�e�t�a�s�s�e �. �. �. �. �p�e�r�d�o�z�. �0 �7 �0
�8�8�4 �P�a�i�r�o�f�Z�i�n�c�a�n�d�C�o�p�p�e�r�P�l�a�t�e�s�,�w�i�t�h�g�l�a�s�s�h�a�n�d�l�e�s�,�f�o�r

�s�h�e�w�i�n�g�t�h�e�p�r�o�d�u�c�t�i�o�n�o�f �e�l�e�c�t�r�i�c�i�t�y�b�y�c�o�n�t�a�c�t �. �. �0 �1�0 �0
�8�8�5 �C�r�u�i�k�s�h�a�n�k�'�s�B�a�t�t�e�r�i�e�s�,�i�n �m�a�h�o�g�a�n�y�t�r�o�u�g�h�s�,�f�o�r�m�e�d�i�c�a�l

�p�u�r�p�o�s�e�s�, ��2�5�p�a�i�r�s�o�f �p�l�a�t�e�s�,�2�}�-�i�n�c�h�(û��g�.�8�8�5�) �. �. �1 �i �0

�s�e�e �D�i�t�t�o �5�0 �,�, �,�, �2�g�-�i�n�c�h �. �. �. �. �1 �1�2 �0
�8�8�7 �W�o�l�l�a�s�t�o�n�'�s�B�a�t�t�e�r�y�o�f �t�w�e�l�v�e�p�a�i�r�s�o�f �4�-�i�n�c�h�p�l�a�t�e�s�,�i�n

�p�o�r�c�e�l�a�i�n�t�r�o�u�g�h �. �. �. �2 �2 �0
�8�8�8 �D�a�n�i�e�l�l ��s�S�u�s�t�a�i�n�i�n�g�B�a�t�t�e�r�y�,�c�o�n�s�i�s�t�i�n�g�o�f �a �c�y�l�i�n�d�e�r�o�f

�z�i�n�c�a�n�d�c�o�p�p�e�r�,�s�e�p�a�r�a�t�e�d�f�r�o�m�e�a�c�h�o�t�h�e�r�b�y�a �p�o�r�o�u�s
�e�a�r�t�h�e�n�w�a�r�e�t�u�b�e�,�a�n�d�e�x�c�i�t�e�d�b�y�a �s�o�l�u�t�i�o�n�o�f �s�a�l�t �a�n�d
�w�a�t�e�r�i�n�c�o�n�t�a�c�t�w�i�t�h�t�h�e�z�i�n�c�,�a�n�d�a�s�o�l�u�t�i�o�n�o�f�s�u�l�p�h�a�t�e�o�f
�c�o�p�p�e�r�i�n �t�h�e�o�t�h�e�r�c�e�l�l�. �P�r�i�c�e�f�o�r�s�i�n�g�l�e�p�o�t�s �. �5�f�, �0 �7 �0 �0 �1�0 �0

�8�8�9 �D�a�n�i�e�l�l�'�s�B�a�t�t�e�r�y�,�c�o�n�t�a�i�n�i�n�g�s�i�x�Q�-�l�b�.�p�o�t�s�o�f�t�h�e�a�b�o�v�e�,�i�n
�m�a�h�o�g�a�n�y�t�r�a�y�,�w�h�i�c�h�i�n �d�e�c�o�m�p�o�s�i�n�g�w�a�t�e�r�w�i�l�l�g�i�v�e�o�f�f
�a�c�u�b�i�c�i�n�c�h�o�f �t�h�e�m�i�x�e�d�g�a�s�e�s�p�e�r�m�i�n�u�t�e�(û��g�.�8�8�9�) �. �1 �l�0 �0

�8�9�0 �D�a�n�i�e�l�l�'�s�B�a�t�t�e�r�y�,�c�o�n�t�a�i�n�i�n�g�t�w�e�l�v�e�l�-�l�b�.�p�o�t�s�i�n�m�a�h�o�g�a�n�y
�t�r�a�y �(û��g�.�8�8�9�) �. �. �. �. �. �. �. �. �4 �4 �0

�L�a�r�g�e�r�s�i�z�e�s�o�f �D�a�n�l�e�i�l�'�s�B�a�t�t�e�r�i�e�s�i�n �s�i�n�g�l�e�c�e�l�l�s�o�r�s�e�r�i�e�s�,�t�o�o�r�d�e�r�.

�' �F�1�0�.�s�o�c�.

�F�r�o�.�8�9�2�.
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� 



�8�2 �S�C�I�E�N�T�I�F�I�C�I�N�S�T�R�U�M�E�N�T�S�M�A�N�U�F ��C�T�U�R�E�D�B�Y�N�E�G�R�E�T�T�I�&�Z�A�M�B�R�A�,

�8�9�1

�8�9�2
�8�9�3

�8�9�4

�8�9�5
�8�9�6

�8�9�7
�8�9�8

�8�9�9
�9�0�0

�9�0�1
�9�0�2
�9�0�3

�9�0�4

�9�0�4 ��M�a�y�n�o�o�t�h�B�a�t�t�e�r�i�e�s �- �,

�S�m�e�e ��s�B�a�t�t�e�r�i�e�s�,�i�n �r�o�u�n�d�s�t�o�n�e�w�a�r�e�p�o�t�s�,�s�o �a�r�r�a�n�g�e�d
�t�h�a�t�t�h�e�z�i�n�e�s�c�a�n�b�e�e�a�s�i�l�y�r�e�m�o�v�e�d�a�n�d�r�e�p�l�a�c�e�d�: �

�i�-�p�t�. �5�]�. �1�-�p�t�. ��8�/�. �2�-�p�t�s�.�1�0�/�6�. �3�-�p�t�s�.�1�2�/�6�.
�S�m�e�e�'�s�B�a�t�t�e�r�i�e�s�,�i�nû��a�t�g�l�a�s�s�c�e�l�l�s�(û��g�.�8�9�2�) �. �1�0�]�,
�S�e�t�o�f�S�i�x�h�a�l�f�-�p�i�n�t�S�m�e�e ��s�B�a�t�t�e�r�i�e�s�,�i�n �r�o�u�n�d�P�o�t�s�,�a�n�d

�a�m�a�h�o�g�a�n�y�t�r�a�y
�T�h�i�s�s�e�t�i�s �s�o�a�r�r�a�n�g�e�d�,�t�h�a�t�i�t �c�a�n�b�e�u�s�e�d�f�o�r�q�u�a�n�t�i�t�y�o�r�i�n�t�e�n�s�i�t�y

�e�f�f�e�c�t�s�,�w�i�l�l �s�h�o�w�a�l�l �t�h�e�l�e�a�d�i�n�g�f�a�c�t�s�c�o�n�n�e�c�t�e�d�w�i�t�h�g�a�l�v�n�n�l�s�m�,
�d�e�c�o�m�p�o�s�i�n�g�w�a�t�e�r�,�d�eû��a ��r�a�t�l�n�g�m�e�t�a�l�s�,�8�:�4�2�.�,�8�m�,�a�n�d�i�s �w�e�l�l

�a�d�a�p�t�e�d�f�o�r�t�h�e�i�n�s�t�r�u�c�t�i�o�n�o�f �a�s�m�a�l�l�c�l�a�s�s�.

�S�e�t�o�f �S�i�x�o�n�e�-�p�i�n�t�S�m�e�e ��s�B�a�t�t�e�r�i�e�s�,�i�n�r�o�u�n�d�s�t�o�n�e�w�a�r�e
�c�e�l�l�s�a�n�d�m�a�h�o�g�a�n�y�t�r�a�y �. �. �. �.

�S�e�t�o�f�S�i�x�t�w�o�-�p�i�n�t�d�i�t�t�o�,�i�n �d�i�t�t�o �. �. �. �.
�S�e�t�o�f �S�i�x�o�n�e�-�p�i�n�t�d�i�t�t�o�,�i�n û��a�t�c�e�l�l�s�,�a�n�d�m�a�h�o�g�a�n�y�t�r�a�y�,

�w�i�t�h�c�o�u�n�t�e�r�p�o�i�s�e�w�e�i�g�h�t�s�,�o�r�r�a�t�c�h�e�t�w�h�e�e�l�,�f�o�r�s�u�s�p�e�n�d�i�n�g
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�t�h�e�b�a�t�t�e�r�y�w�h�e�n�n�o�t�i�n �u�s�e�(û��g�.�8�9�6�)
�l

�F�r�o�.�9�0�1�.

�P�r�o�.�8�9�8�.
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�G�r�o�v�e ��s�B�a�t�t�e�r�y�,�s�i�n�g�l�e�c�e�l�l �. �. �. �.
�S�e�t�o�f �F�o�u�r�d�i�t�t�o�, �w�i�t�h �s�u�i�t�a�b�l�e�m�e�t�a�l�l�i�c�c�o�n�n�e�x�i�o�n�s�,

�p�o�r�o�u�s�c�e�l�l�s�,�a�n�d�e�a�r�t�h�e�n�w�a�r�e�t�r�o�u�g�h�s�,�i�n �m�a�h�o�g�a�n�y�t�r�a�y

�(û��g�.�8�9�8�) �. �. �. �. �. �. �.

�S�e�t�o�f �E�i�g�h�t�G�r�o�v�e ��s�B�a�t�t�e�r�i�e�s �. �. �. �. �.
�G�r�o�v�e ��s�G�a�s�B�a�t�t�e�r�y�,�i�n �w�h�i�c�h�t�h�e�a�c�t�i�v�e�e�l�e�m�e�n�t�s�a�r�e

�h�y�d�r�o�g�e�n�a�n�d�o�x�y�g�e�n�g�a�s�e�s�;�s�e�t �o�f �f�o�u�r�g�a�s�b�a�t�t�e�r�i�e�s
�m�o�u�n�t�e�d�o�n�a�s�t�a�n�d�. �. �. �. �.

�B�u�n�s�e�n ��s�C�a�r�a�n�B�a�t�t�e�r�y�,�s�i�n�g�l�e�c�e�l�l �(û��g�.�9�0�1�)
�D�i�t�t�o �d�i�t�t�o �i�n �a �s�e�r�i�e�s�o�f �t�e�n�,�a�r�r�a�n�g�e�d�i�n �a�t�r�a�y

�C�a�l�l�a�n ��C�a�s�t�I�r�o�n�B�a�t�t�e�r�i�e�s�. �. �. �. �. �.
�S�e�t�s�o�f �F�i�v�e�a�n�d�T�e�n�C�a�s�t�I�r�o�n�B�a�t�t�e�r�i�e�s�,�i�n �a�s�t�o�u�t�t�r�a�y

�A�p�o�w�e�r�f�u�l�f�o�r�m�o�i �g�a�l�v�a�n�i�c�b�a�t�t�e�r�y�f�o�r�r�o�u�g�h�m�a�n�u�f�a�c�t�u�r�i�n�g�p�u�r�p�o�s�e�s�.

�. �4�/�6�,

�9�0�5 �I�n�s�u�l�a�t�e�d�S�t�a�n�d�,�f�o�r�e�x�h�i�b�i�t�i�n�g�t�h�e�c�o�m�b�u�s�t�i�o�n�o�f�c�h�a�r�c�o�a�l�,
�f�u�s�i�n�g�o�f �w�i�r�e�,�&�c�.�,�w�i�t�h�t�h�e�g�a�l�v�a�n�i�c�b�a�t�t�e�r�y�.

�9�0�6 �I�n�s�u�l�a�t�e�d�S�t�a�n�d�,�v�e�r�y�s�u�p�e�r�i�o�r�,�w�i�t�h�H�e�n�l�y�'�s�U�n�i�v�e�r�s�a�l
�D�i�s�c�h�a�r�g�e�r�a�n�d�P�r�e�s�s�,�t�w�o�p�a�i�r�s�o�f �f�o�r�c�e�p�s�,�&�c�.�,�a�p�p�l�i�c�a�b�l�e
�f�o�r�b�o�t�h�v�o�l�t�a�i�c�a�n�d�f�r�i�c�t�i�o�n�a�l�e�l�e�c�t�r�i�c�i�t�y�(�s�e�eû��g�.�8�1�0�)
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�1�0�7�,�H�O�L�B�O�R�N�H�I�L�L�,�1�, �I�I�A�T�T�O�N�G�A�R�D�E�N�,�m�5�9�,�C�O�R�N�I�I�I�L�L�,�L�O�N�D�O�N�.�8�3

�F�m�.�9�1�4�.

� � 

� � 

�F�r�o�.�9�0�7�.

�9�0�7 �G�l�a�s�s�G�l�o�b�e�,�w�i�t�h�s�t�o�p�c�o�c�k�,�b�r�a�s�s�c�a�p�s�,�s�l�i�d�i�n�g�f�o�r�c�e�p�s�a�n�d
�b�a�l�l�s�,�f�o�r�s�h�o�w�i�n�g�e�l�e�c�t�r�i�c�a�l�l�i�g�h�t�i�n �v�a�c�u�o�,�a�n�d�d�e�c�o�m�p�o
�s�i�n�g�g�a�s�e�s�b�y�t�h�e�i�g�n�i�t�i�o�n�o�f �c�h�a�r�c�o�a�l�p�o�i�n�t�s�w�i�t�h�t�h�e

�g�a�l�v�a�n�i�c�b�a�t�t�e�r�y�(û��g�.�9�0�7�) �. �. �. �. �. �.
�9�0�8 �A�p�p�a�r�a�t�u�s�f�o�r �D�e�c�o�m�p�o�s�i�n�g�W�a�t�e�r�,�w�i�t�h�s�e�p�a�r�a�t�e�t�u�b�e�s

�f�o�r�c�o�l�l�e�c�t�i�n�g�t�h�e�o�x�y�g�e�n�a�n�d�h�y�d�r�o�g�e�n�g�a�s�e�s�,�s�m�a�l�l�s�i�z�e �. �O �7 �6 �0 �1�5 �0
�9�0�9 �D�i�t�t�o �d�i�t�t�o �l�a�r�g�e�,�s�u�i�t�a�b�l�e�f�o�r�l�e�c�t�u�r�e�t�a�b�l�e�s�o�r�p�r�i�v�a�t�e

�e�x�p�e�r�i�m�e�n�t�s�(û��g�.�9�0�9�) �. �. �. �. �. �f�r�o�m �1 �l �0
�9�1�0�D�e�c�o�m�p�o�s�i�t�i�o�n�A�p�p�a�r�a�t�u�s�,�w�i�t�h�t�u�b�e�s�g�r�a�d�u�a�t�e�d�i�n�t�o�l�O�t�h�s

�a�n�d�1�0�0�t�h�s�o�f�a�c�u�b�i�c�i�n�c�h �. �. �. �. �. �.
�9�1�1 �D�e�c�o�m�p�o�s�i�t�i�o�n�A�p�p�a�r�a�t�u�s�,�w�i�t�h�s�i�n�g�l�e�t�u�b�e�,�f�o�r�c�o�l�l�e�c�t�i�n�g

�t�h�e�g�a�s�e�s�c�o�m�b�i�n�e�d�. �. �. �. �. �. �. �. �O �5 �0 �0 �1�8 �0
�0�1�2 �D�e�c�o�m�p�o�s�i�t�i�o�n�A�p�p�a�r�a�t�u�s�,�w�i�t�h�g�r�a�d�u�a�t�e�d�t�u�b�e�(û��g�.�9�1�2�) �0 �l�8 �0 �1 �4 �0
�9�1�3 �F�a�n�a�d�a�y ��s�A�p�p�a�r�a�t�u�s�f�o�r�e�l�e�c�t�r�o�-�c�h�e�m�i�c�a�l�d�e�c�o�m�p�o�s�i�t�i�o�n�s�,

�c�o�n�s�i�s�t�i�n�g�o�f �a �g�l�a�s�s�t�r�o�u�g�h�d�i�v�i�d�e�d�b�y�a �d�i�a�p�h�r�a�g�m�(û��g�.
�9�1�3�)�.�.�.�.�.�.�.�.�.�.�0�1�0�0�1�1�0

�9�1�4 �V�T�u�b�e�f�o�r�t�h�e�d�e�c�o�m�p�o�s�i�t�i�o�n�o�f �n�e�u�t�r�a�l�s�a�l�t�s�(û��g�.�9�1�4�)�. �0 �5 �0 �0 �1�0 �0

�9�1�5 �P�i�e�c�e�s�o�f �P�l�a�t�i�n�u�m�a�n�d�S�i�l�v�e�r�W�i�r�e�s�o�l�d�e�r�e�d�t�o�g�e�t�h�e�r
�a�l�t�e�r�n�a�t�e�l�y�;�a�s�t�r�o�n�g�v�o�l�t�a�i�c�c�u�r�r�e�n�t�p�a�s�s�e�d�t�h�r�o�u�g�h�,�c�a�u�s�e�s
�t�h�e�p�l�a�t�i�n�u�m�t�o �b�e�c�o�m�e�r�e�d�h�o�t�w�i�t�h�o�u�t�h�e�a�t�i�n�g�t�h�e�s�i�l�v�e�r �0 �6 �6

�9�1�6 �M�o�d�e�l�C�a�n�n�o�n�o�r �B�o�m�b�,�m�o�u�n�t�e�d�o�n�m�a�h�o�g�a�n�y�s�t�a�n�d�,
�w�i�t�h�b�i�n�d�i�n�g�s�c�r�e�w�s�,�&�c�.�,�f�o�rû��r�i�n�g�g�u�n�p�o�w�d�e�r�b�y�g�a�l�v�a�n�i�c

�b�a�t�t�e�r�y�(û��g�.�9�1�6�) �. �. �. �. �. �.

�9�1�7 �M�o�d�e�l�o�f �A�p�p�a�r�a�t�u�s�f�o�r �S�u�b�m�a�r�i�n�e�E�x�p�l�o�s�i�o�n�s�. �. �0 �1�0 �6
�9�1�8 �R�e�c�t�a�n�g�u�l�a�r�T�r�o�u�g�h�s�,�o�f �h�a�r�d�g�l�a�z�e�d�p�o�r�c�e�l�a�i�n�,�w�i�t�h

�p�o�r�o�u�s�j�a�r�s�,�6�-�i�n�.�h�i�g�h�,�6�g�-�i�n�.�w�i�d�e�,�2�-�i�n�.�t�h�i�c�k
�9�1�9 �D�i�t�t�o �d�i�t�t�o �6�-�i�n�.�h�i�g�h�,�4�7�,�1�-�i�u�.�w�i�d�e�,�2�-�i�n�.�t�h�i�c�k
�9�2�0�D�i�t�t�o �d�i�t�t�o �5�-�i�n�.�h�i�g�h�,�3�}�-�i�n�.�w�i�d�e�,�l�i�-�i�n�. �t�h�i�c�k

�1�1�5�0�2 ��2�0
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�8�4 �S�C�I�E�N�T�I�F�I�C�I�N�S�T�R�U�M�E�N�T�S�M�A�N�U�F�A�C�T�U�R�E�D�B�Y�N�E�G�R�E�T�T�I�&�Z�A�M�B�R�A�,

�E�a�c�h�. �E�a�c�h�.
�£ �a�. �d�. �.�4�3 �s�. �d�.

�9�2�1 �P�o�r�c�e�l�a�i�n�T�r�o�u�g�h�s�f�o�r�W�o�l�l�a�s�t�o�n�'�s�b�a�t�t�e�r�i�e�s �. �. �. �0 �1�5 �0
�9�2�2 �G�l�a�s�s�C�e�l�l�s�o�f �v�a�r�i�o�u�s�d�i�m�e�n�s�i�o�n�s�. �. �. �f�r�o�m �0 �2 �0
�9�2�3 �G�u�t�t�a�P�e�r�c�h�a�B�a�t�t�e�r�y�C�e�l�l�s�a�n�d�A�c�i�d�H�o�l�d�e�r�s
�9�2�4�P�l�a�t�i�n�u�m�F�o�i�l�a�n�d�W�i�r�e�o�f�a�l�l �t�h�i�c�k�n�e�s�s�e�s�. �. �.
�9�2�5 �A�m�a�l�g�a�m�a�t�e�d�Z�i�n�c�P�l�a�t�e�s�,�C�u�t�t�o �v�a�r�i�o�u�s�s�i�z�e�s�,�p�e�r�l�b�. �. �0 �l �6
�9�2�6 �G�a�l�v�a�n�i�c�C�o�n�d�u�c�t�i�n�g�W�i�r�e�s�,�i�n �s�e�t�s�f�o�r �m�e�d�i�c�a�l�p�u�r�p�o�s�e�s�,

�f�r�o�m �0 �2 �6
�9�2�7 �L�i�g�n�u�m�-�v�i�t�w�a�n�d�B�o�x�w�o�o�d�C�h�a�r�c�o�a�l�. �. �p�e�r�o�z�. �0 �0 �6
�9�2�8 �C�h�a�r�c�o�a�l�o�r �G�r�a�p�h�i�t�e�P�o�i�n�t�s�,�f�o�r �e�l�e�c�t�r�i�c�l�i�g�h�t�, �p�e�r�p�a�i�r �0 �o �6 �0 �1 �0
�9�2�9 �G�o�l�d�,�S�i�l�v�e�r�,�B�r�a�s�s�,�C�o�p�p�e�r�,�Z�i�n�c�,�a�n�d�S�t�e�e�l�W�i�r�e�a�n�d

�F�o�i�l�,�f�o�r�c�o�m�b�u�s�t�i�o�n�. �. �. �. �. �- �. �.

�9�3�0�A�S�e�r�i�e�s�o�f �S�i�x�S�m�e�e ��s�B�a�t�t�e�r�i�e�s�,�i�n �a �t�r�a�y�; �a�p�p�a�r�a�t�u�s
�f�o�r�d�e�c�o�m�p�o�s�i�n�g�w�a�t�e�r�i�n�t�o�o�x�y�g�e�n�a�n�d�h�y�d�r�o�g�e�n�;�V�t�u�b�e
�f�o�r �d�e�c�o�m�p�o�s�i�n�g�n�e�u�t�r�a�l�s�a�l�t�s�,�v�a�r�i�o�u�s�m�e�t�a�l�w�i�r�e�s�a�n�d
�f�o�i�l�s�f�o�r�i�g�n�i�t�i�n�g�a�n�d�d�eû��a�g�r�a�t�i�n�g�,�a�n�d�a�g�l�a�s�s�t�r�o�u�g�hû��t�t�e�d
�f�o�r�d�e�p�o�s�i�t�i�n�g�m�e�t�a�l�s�b�y�t�h�e�e�l�e�c�t�r�o�t�y�p�e�p�r�o�c�e�s�s�.�A�v�e�r�y
�u�s�e�f�u�l�s�e�t�f�o�r �t�h�e�u�s�e�o�f �s�c�h�o�o�l�m�a�s�t�e�r�s�,�f�o�r �i�n�s�t�r�u�c�t�i�n�g�a�.
�s�m�a�l�l�c�l�a�s�s �. �. �. �. �. �. �. �. �. �3 �3 �0

�9�8�1 �L�a�r�g�e�r�S�e�r�i�e�s�,�s�u�i�t�e�d�f�o�r�l�e�c�t�u�r�e�s �. �. �. �. �. �4 �1�0 �0 �6 �6 �0

�E�L�E�C�T�R�O�M�E�T�A�L�L�U�R�G�I�C�A�L�A�P�P�A�R�A�T�U�S�.

�F�r�o�.�9�3�6�.
� � 

�E�L�E�C�T�R�D�T�Y�P�E�A�P�P�A�R�A�T�U�S�1�8 �N�O�W�E�X�T�E�N�S�I�V�E�L�Y�U�S�E�D�1 ��0�3�O�B�T�A�I�N�I�N�G�,�B�Y�G�A�L�V�A�N�I�S�M�,

�E�X�A�C�T�I�A�C�-�S�I�M�I�L�l�E�S�0�F �E�N�G�R�A�V�E�D�C�O�P�P�E�R�-�P�L�A�T�E�S�,�W�O�O�D�B�N�G�B�A�V�I�N�G�S�,

�M�B�D�A�L�S�,�P�L�A�S�T�E�B�C�A�S�T�S�,�E�T�C�.

�9�3�4 �E�l�e�c�t�r�o�t�y�p�e�A�p�p�a�r�a�t�u�s�,�c�o�n�s�i�s�t�i�n�g�o�f �e�a�r�t�h�e�n�w�a�r�e�j�a�r�,
�w�i�t�h�p�o�r�o�u�s�p�o�t�,�z�i�n�c�a�n�d�w�i�r�e �. �. �. �. �. �0 �1 �6 �0 �2 �6



�1�0�7�,�H�O�L�B�O�R�N�H�I�L�L�,�1�, �H�A�T�T�O�N�G�A�R�D�E�N�,�m�6�9�, �C�O�R�N�H�I�L�L�,�L�O�N�D�O�N�.

�E�a�c�h�. �E�a�c�h�.
�s �a�. �d�. �s �s�. �d�.

�9�3�5 �R�o�u�n�d�G�l�a�z�e�d�S�t�o�n�e�w�a�r�e�T�r�o�u�g�h�s�,�n�o�t �p�e�r�m�e�a�b�l�e�t�o
�s�u�l�p�h�a�t�e�o�f �c�o�p�p�e�r�,�w�i�t�h�p�o�r�o�u�s�c�e�l�l�, �z�i�n�c�p�l�a�t�e�,�b�i�n�d�i�n�g

�s�c�r�e�w�a�n�d�w�i�r�e�,�s�u�i�t�a�b�l�e�f�o�r �c�o�p�y�i�n�g�m�e�d�a�l�s�,�s�e�a�l�s�,�p�l�a�s�t�e�r
�c�a�s�t�s�,�8�w�,�(û��g�.�9�3�5�) �. �. �. �f�r�o�m�3�/�6�, �5�/�, �0 �7 �6 �0 �1�0 �6

�T�h�i�s�a�p�p�a�r�a�t�u�s�i�s �m�o�s�t�c�o�n�v�e�n�i�e�n�t�a�n�d�s�i�m�p�l�e�i�n �i�t�s �o�p�e�r�a�t�i�o�n�,�a�n�d
�p�a�r�t�i�c�u�l�a�r�l�y�a�d�a�p�t�e�d�f�o�r �t�h�o�s�e�c�o�m�m�e�n�c�i�n�g�t�h�i�s�i�n�t�e�r�e�s�t�i�n�g�a�n�d
�u�s�e�f�u�l�a�r�t�.

�9�3�6 �E�l�e�c�t�r�o�t�y�p�e�T�r�o�u�g�h�,�7 �i�n�c�h�e�s�s�q�u�a�r�e�,�w�i�t�hû��a�t�p�o�r�o�u�s�c�e�l�l�,
�z�i�n�c�p�l�a�t�e�a�n�d�b�i�n�d�i�n�g�s�c�r�e�w�,�a�n�d�b�r�a�s�s�b�a�r�s�,�o�n�w�h�i�c�h�t�o
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�p�l�a�c�e�t�h�e�o�b�j�e�c�t�t�o�b�e�c�o�p�i�e�d�(û��g�.�9�3�6�) �. �. �0 �1�5 �0
�9�3�7 �S�m�a�l�l�d�i�t�t�o�,�5 �i�n�c�h�e�s�s�q�u�a�r�e �. �. �. �. �. �. �0 �7 �6 �0 �1�0 �0

�F�I�G�.�9�3�B�.

�, �"�u �' �I � �X

�I �i�i �(�i�i �i �i �<�5
�L�a�n�i�.

�9�3�8 �S�i�n�g�l�e�S�m�e�e ��s�B�a�t�t�e�r�y�,�w�i�t�h �p�r�e�c�i�p�i�t�a�t�i�n�g�t�r�o�u�g�h�,�f�o�r
�m�a�k�i�n�g�a�n�u�m�b�e�r�o�f �s�m�a�l�l�m�e�d�a�l�s�(û��g�.�9�3�8�) �. �f�r�o�m �1 �0 �0

�9�3�9�L�a�r�g�e�r�d�i�t�t�o �. �. �. �. �l �1�5 �0
�9�4�0�S�i�n�g�l�e�D�a�n�i�e�l�l�'�s�B�a�t�t�e�r�y�,û��t�t�e�d�u�p �w�i�t�h �p�r�e�c�i�p�i�t�a�t�i�n�g

�t�r�o�u�g�h�s�,�f�o�r�e�l�e�c�t�r�o�t�y�p�e�p�u�r�p�o�s�e�s �. �. �.

�9�4�] �V�e�r�t�i�c�a�l�P�r�e�c�i�p�i�t�a�t�i�n�g�T�r�o�u�g�h�,�w�i�t�h�S�m�e�e�'�s�b�a�t�t�e�r�y�,�f�o�r
�o�b�t�a�i�n�i�n�g�d�u�p�l�i�c�a�t�e�s�o�f�e�n�g�r�a�v�e�d�c�o�p�p�e�r�,�&�c�.�(û��g�.�9�4�1�) �. �1 �l�6�. �0 �3 �1�0 �0
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�F�r�o�.�9�4�1�.
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�9�4�2�S�i�n�g�l�e�C�e�l�l�A�p�p�a�r�a�t�u�s�,�f�o�r�e�l�e�c�t�r�o�-�g�i�l�d�i�n�g�o�r�p�l�a�t�i�n�g �. �0 �5 �6 �0 �1�0 �6
�9�4�3 �E�l�e�c�t�r�o�-�G�i�l�d�i�n�g�a�n�d�P�l�a�t�i�n�g�A�p�p�a�r�a�t�u�s�b�y�t�h�e�B�a�t�t�e�r�y

�P�r�o�c�e�s�s�,�w�i�t�h�g�l�a�s�s�p�r�e�c�i�p�i�t�a�t�i�n�g�t�r�o�u�g�h�,�a�n�d�1 �S�m�e�e�'�s

�b�a�t�t�e�r�y �. �. �. �. �.
�9�4�4�D�i�t�t�o �d�i�t�t�o �w�i�t�h�2 �S�m�e�e ��s�b�a�t�t�e�r�i�e�s�.
�9�4�5 �D�i�t�t�o �d�i�t�t�o �w�i�t�h�3�S�m�e�e ��s�b�a�t�t�e�r�i�e�s�.
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�8�6 �S�C�I�E�N�T�I�F�I�C�I�N�S�T�R�U�M�E�N�T�S�M�A�N�U�F�A�C�T�U�R�E�D�B�Y�N�E�G�R�E�T�T�I�8�! �Z�A�M�B�R�A�,

�F�r�o�.�9�1�5�5�.�F�1�0�.�9�5�4�.
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�F�r�e�e�.�9�4�8�. �9�4�9�. �9�5�1�. �9�5�2�.

�9�4�6�A�p�p�a�r�a�t�u�s�f�o�r �c�o�a�t�i�n�g�m�e�t�a�l�l�i�c�s�u�r�f�a�c�e�s�w�i�t�h�a�l�l�u�m�i�n�u�m

�a�n�d�s�i�l�i�c�i�u�m �. �. �. �.
�9�4�7 �P�l�a�t�i�n�i�z�e�d�S�i�l�v�e�r �. �. �p�e�r�o�z�.

�T�h�l�s�a�v�e�r�a�g�e�s�a�b�o�u�t�3�-�0�1�.�t�o �t�h�e�s�q�u�a�r�e�f�o�o�t�.�b�u�t�c�a�n�b�e�h�a�d�o�f�v�a�r�i�o�u�s

�t�h�i�c�k�n�e�s�s�e�s�.

�f�r�o�m

�9�4�8 �B�i�n�d�i�n�g�S�c�r�e�w�s�,�o�f �v�a�r�i�o�u�s�f�o�r�m�s�a�n�d�d�e�s�c�r�i�p�t�i�o�n�s�: �
�F�i�g�.�9�4�8 �9�4�0 �9�5�0 �9�5�1 �9�5�2 �9�5�3 �9�5�4 �9�5�5

�I�s �1�8 �/�e �&�[�3 �1�/ �i�s �&�1�/ �1�! �1�1�3 �1�/�6�&�2�/
�9�4�9 �G�o�l�d�W�i�r�e�a�n�d�P�l�a�t�e �P � ��1 ��"
�9�4�9�'�S�i�l�v�e�r�d�i�t�t�o �d�i�t�t�o �. �. �. �. �.
�9�5�0 �G�o�l�d�o�r �S�i�l�v�e�r�S�o�l�u�t�i�o�n�,�r�e�a�d�y�f�o�r�u�s�e�,�i�n �3�-�0�:�.�b�o�t�t�l�e�s
�9�5�1 �S�u�l�p�h�a�t�e�o�f �C�o�p�p�e�r�. �. �. �. �, �p�e�r�l�b

�9�5�2 �S�u�l�p�h�u�r�i�c�A�c�i�d�. �. �. �. �. �. �.
�9�5�3 �A�m�a�l�g�a�m�a�t�e�d�Z�i�n�c�P�l�a�t�e�s�,�o�f �a�l�l �s�i�z�e�s �p�e�r�1�b�.

�9�5�4
�9�5�5

�C�o�p�p�e�r�W�i�r�e�a�n�d�P�l�a�t�e�,�o�f �a�l�l �t�h�i�c�k�n�e�s�e�s�. �. �.
�G�l�a�s�s�C�e�l�l�s�,�o�f �a�l�l �s�i�z�e�s�,�m�o�u�n�t�e�d�w�i�t�h�s�l�i�d�i�n�g�b�a�r�s�f�o�r

�e�l�e�c�t�r�o�-�g�i�l�d�i�n�g�a�n�d�p�l�a�t�i�n�g �. �.
�G�u�t�t�a�P�e�r�c�h�a�P�r�e�c�i�p�i�t�a�t�i�n�g�C�e�l�l�s�,�o�f

�f�r�o�m

�9�5�6 �v�a�r�i�o�u�s�f�o�r�m�s
�9�5�7 �T�i�n�T�r�a�y�s�,�f�o�r �i�m�p�r�e�g�n�a�t�i�n�g�p�l�a�s�t�e�r�c�a�s�t�s�w�i�t�h�b�o�i�l�i�n�g

�w�a�t�e�r�,�w�a�x�,�&�c�. �. �. �. �. �. �. �f�r�o�m

�9�5�8 �B�r�u�s�h�e�s�f�o�r�a�p�p�l�y�i�n�g�p�l�u�m�b�a�g�o�,�&�c�. �. �.
�9�5�9 �B�r�u�s�h�e�s�f�o�r�p�o�l�i�s�h�i�n�g�a�n�d�b�r�o�n�z�i�n�g�e�l�e�c�t�r�o�t�y�p�e�s �.
�9�6�0�W�a�t�e�r�o�f�A�i�r�S�t�o�n�e�,�f�o�r�c�l�e�a�n�i�n�g�e�l�e�c�t�r�o�t�y�p�e�s�. �. �.
�9�6�1 �P�o�r�o�u�s�C�e�l�l�s�o�f �s�u�p�e�r�i�o�r�q�u�a�l�i�t�y�: �

�R�o�u�n�d �
�. �H�e�l�t�h �2�H�n�.�3�H�n�.�A�k�i�n�. �6�-�l�u�. �1�2�-�i�n�. �l�S�-�l�n�.

�P�r�i�c�e �. �. �l�4 �/�6 �I�6 �[�9 �1�/�6 �2�1�6
�F�l�a�t �

�H�e�l�g�h�t �a�-�m�. �4�-�i�n�. �a�g�-�l�n�. �a�g�-�l�n�. �2�p�m�.�7�-�l�n�.
�W�i�d�t�h �3�5�.�1 ��. �4�5�-�1 ��. �t�h�e�. �e�y�e�. �q�-�l�n�. �7�-�l�n

�P�r�i�c�e �. �. �, ��o �[�1�0 �1�/ �1�/�3 �1�1�0 �1�/�6
�9�6�2�V�e�r�y�s�u�p�e�r�i�o�r�P�l�a�s�t�e�r�o�f �P�a�r�i�s�M�e�d�a�l�l�i�o�n�s�,�f�o�r�e�l�e�c�t�r�o

�t�y�p�e�p�u�r�p�o�s�e�s�. �. �. �. �.
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�F�I�G�.�9�5�3�.
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�1�0�7�,�H�O�L�B�O�R�N�H�I�L�L�,�1�, �H�A�T�T�O�N�G�A�R�D�E�N�,�s�u�n�5�9�, �C�O�R�N�H�I�L�L�,�L�O�N�D�O�N�.�8�7

�-�<�C�@�>

�9�6�3�,

�9�6�4
�9�6�5

�9�6�6

�9�6�7

�9�6�8

�9�6�9

�9�7�0

�9�7�]
�9�7�2

�9�7�3

�9�7�4

�9�7�5

�9�7�6

�9�7�7

�M�A�G�N�E�T�I�C�A�N�D�E�L�E�C�T�R�O�-�M�A�G�N�E�T�I�C�A�P�P�A�R�A�T�U�S�.

�F�r�o�.�9�6�3�.

�F�l�a�.�9�6�5�.
� � 

� 

�M�a�g�n�e�t�i�c�N�e�e�d�l�e�s�,�w�i�t�h�b�r�a�s�s�o�r �a�g�a�t�e�c�e�n�t�r�e�s�(û��g�.�9�6�3�)
�f�r�o�m

�D�i�p�p�i�n�g�N�e�e�d�l�e�s�,�w�i�t�h�g�r�a�d�u�a�t�e�d�a�r�c �. �.
�O�e�r�s�t�e�d ��s�A�p�p�a�r�a�t�u�s�,�f�o�r �s�h�e�w�i�n�g�t�h�e �d�eû��e�c�t�i�o�n�o�f �t�h�e

�m�a�g�n�e�t�i�c�n�e�e�d�l�e�b�y�a�n�e�l�e�c�t�r�i�c�a�l�c�u�r�r�e�n�t�p�a�s�s�i�n�g�a�b�o�v�e�o�r
�b�e�l�o�w�i�t�, �b�e�s�t�m�a�k�e�(û��g�.�9�6�5�)

�D�i�t�t�o�,�s�m�a�l�l �. �. �. �. �. �.
�T�h�i�s�a�p�p�a�r�a�t�u�s�w�i�l�l�i�l�l�u�s�t�r�a�t�e�t�h�e�p�r�i�n�c�i�p�l�e�o�f�t�h�e�e�l�e�c�t�r�i�c�t�e�l�e�g�r�a�p�h�i�n

�i�t�s �m�o�s�t�s�i�m�p�l�e�f�o�r�m�.

�f�r�o�m

�E�a�c�h�.
�.�6 �s�. �d�.

�1�1�0�0

�0�1�0�6

�S�o�f�t�I�r�o�n�E�l�e�c�t�r�o�-�M�a�g�n�e�t�s�,�c�o�n�s�i�s�t�i�n�g�o�f�a �b�a�r�o�f �s�o�f�t �'
�i�r�o�n�,�b�e�n�t�t�h�e�s�h�a�p�e�o�f �a �h�o�r�s�e�-�s�h�o�e�,�a�n�d�c�o�v�e�r�e�d�w�i�t�h
�i�n�s�u�l�a�t�e�d�c�o�p�p�e�r�w�i�r�e�,�f�o�r�m�i�n�g�,�w�h�e�n�i�n�c�o�n�n�e�c�t�i�o�n�w�i�t�h�a�.
�g�a�l�v�a�n�i�c�b�a�t�t�e�r�y�,�a �p�o�w�e�r�f�u�l ��e�l�e�c�t�r�o�-�r�n�a�g�n�e�t�(û��g�.�9�6�7�)

�4�/�6�, �1�4�]�,
�S�o�f�t�I�r�o�n�E�l�e�c�t�r�o�-�M�a�g�n�e�t�,�m�o�u�n�t�e�d�o�n�a �t�r�i�p�o�d�s�t�a�n�d�,

�w�i�t�h�w�e�i�g�h�t �. �. �. �. �. �. �f�r�o�m
�S�o�f�t�I�r�o�n�E�l�e�c�t�r�o�-�M�a�g�n�e�t�,�o�n�a�l�a�r�g�e�s�c�a�l�e�,�f�o�r�s�u�s�t�a�i�n�i�n�g

�i�m�m�e�n�s�e�w�e�i�g�h�t�s �. �. �. �. �. �. �. �.

�R�i�t�c�h�i�e ��s�E�x�p�e�r�i�m�e�n�t�,�e�x�h�i�b�i�t�i�n�g�t�h�e�r�o�t�a�t�i�o�n�o�f�a�n�e�l�e�c�t�r�o
�m�a�g�n�e�t�b�e�t�w�e�e�n�t�h�e�p�o�l�e�s�o�f�a�h�o�r�s�e�s�h�o�e�m�a�g�n�e�t�(û��g�.�9�7�0�)

�R�i�t�c�h�i�e ��s�E�x�p�e�r�i�m�e�n�t�,�w�i�t�h�a�d�j�u�s�t�i�n�g�s�c�r�e�w�s�. �. �.
�G�a�m�u�t�o�f �B�e�l�l�a�o�n�S�t�a�n�d�,�w�i�t�h�R�i�t�c�h�i�e�'�s�e�x�p�e�r�i�m�e�n�t

�r�o�t�a�t�i�n�g�i�n �t�h�e�c�e�n�t�r�e�,�c�a�r�r�y�i�n�g�a�c�l�a�p�p�e�r�w�h�i�c�h�s�t�r�i�k�e�s�t�h�e
�b�e�l�l�s�i�n �s�u�c�c�e�s�s�i�o�n�. �. �. �. �_ �. �. �.

�G�a�l�v�a�n�o�m�e�t�e�r�,�f�o�r�d�e�t�e�c�t�i�n�g�o�r�m�e�a�s�u�r�i�n�g�v�e�r�y�f�e�e�b�l�e�e�l�e�c�t�r�o
�m�a�g�n�e�t�i�c�c�u�r�r�e�n�t�s �. �. �. �. �. �7�/�6�,

�I�m�p�r�o�v�e�d�G�a�l�v�a�n�o�m�e�t�e�r�,�s�u�p�e�r�i�o�r�,�w�i�t�h�l�e�v�e�l�l�i�n�g�s�c�r�e�w�s
�a�n�d�g�l�a�s�s�s�h�a�d�e�(û��g�.�9�7�4�) �. �. �. �. �. �.

�A�s�t�a�t�i�c�N�e�e�d�l�e�s�,�t�o �s�u�s�p�e�n�d�o�n�a �p�o�i�n�t�,�o�r �f�r�o�m�a �s�i�l�k
û��b�r�e�o�r�h�a�i�r �. �. �. �. �. �. �.

�G�a�l�v�a�n�o�m�e�t�e�r�,�w�i�t�h�a�s�t�a�t�i�c�n�e�e�d�l�e�s�,�i�n�d�e�x�,�t�o�r�s�i�o�n�k�e�y�,
�m�o�v�e�a�b�l�e�c�o�i�l�,�a�n�d�l�e�v�e�l�l�i�n�g�s�c�r�e�w�s�,�v�e�r�y�d�e�l�i�c�a�t�e�l�y�b�a�l�a�n�c�e�d

�C�a�l�l�a�n�'�s�P�r�i�m�a�r�y�a�n�d�S�e�c�o�n�d�a�r�y�C�o�i�l�s�,�o�n�s�t�a�n�d �f�r�o�m
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�8�8 �S�C�I�E�N�T�I�F�I�C�I�N�S�T�R�U�M�E�N�T�S�M�A�N�U�F�A�C�T�U�R�E�D�B�Y�N�E�G�R�E�T�T�I�&�Z�A�M�B�R�A�,

�9�7�8

�9�7�9
�9�8�0

�9�8�1

�9�8�2

�9�8�3

�9�8�4

�9�8�5

�9�8�6
�9�8�7
�9�8�8

�9�8�9

�9�9�0

�9�9�1

�9�9�2

� � 
�P�r�o�.�9�7�4�. �F�r�o�.�9�8�1�. �F�r�o�.�9�9�2�.

� 

�L�a�d�d ��s�M�o�d�iû��c�a�t�i�o�n�o�f �R�u�h�m�k�o�rû� ��s�I�n�d�u�c�t�i�o�n�C�o�i�l�,�t�o
�g�i�v�e�4�-�i�n�c�h�s�p�a�r�k�i�n �a�i�r �. �. �. �. �. �.

�D�i�t�t�o �d�i�t�t�o �t�o�g�i�v�e�3�-�i�n�c�h�s�p�a�r�k �. �. �. �.
�D�i�t�t�o �d�i�t�t�o �f�o�r�m�i�n�i�n�g�p�u�r�p�o�s�e�s�,�c�a�p�a�b�l�e�o�fû��r�i�n�g�5�0

�c�h�a�r�g�e�s�s�i�m�u�l�t�a�n�e�o�u�s�l�y�. �. �. �. �. �. �.
�M�a�g�n�e�t�o�-�E�l�e�c�t�r�i�c�M�a�c�h�i�n�e�,�c�o�n�s�i�s�t�i�n�g�o�f�a�c�o�m�b�i�n�a�t�i�o�n�o�f

�h�i�g�h�l�y�-�c�h�a�r�g�e�d�h�o�r�s�e�-�s�h�o�e�m�a�g�n�e�t�s�,�m�o�u�n�t�e�d�o�n�a�s�t�a�n�d�,
�w�i�t�h�m�u�l�t�i�p�l�y�i�n�g�w�h�e�e�l�a�n�d�r�o�t�a�t�i�n�g�a�r�m�a�t�u�r�e�s�,�f�o�r�o�b�t�a�i�n

�i�n�g�q�u�a�n�t�i�t�y�a�n�d�i�n�t�e�n�s�i�t�y�e�f�f�e�c�t�s�. �T�h�e�m�a�c�h�i�n�e�i�s û��t�t�e�d
�w�i�t�h�a�p�p�a�r�a�t�u�s�f�o�r �p�r�o�d�u�c�i�n�g�m�a�g�n�e�t�o�-�e�l�e�c�t�r�i�c�l�i�g�h�t�a�n�d
�h�e�a�t�,�e�l�e�c�t�r�o�-�c�h�e�m�i�c�a�l�d�e�c�o�m�p�o�s�i�t�i�o�n�s�,�t�h�e�i�g�n�i�t�i�o�n�a�n�d
�d�eû��a�g�r�a�t�i�o�n�o�f�m�e�t�a�l�s�,�t�h�e�r�o�t�a�t�i�o�n�o�f�w�i�r�e�s�,�a�n�d�p�o�w�e�r�f�u�l
�a�c�t�i�o�n�u�p�o�n�t�h�e�h�u�m�a�n�b�o�d�y�;�i�n �c�a�s�e�(û��g�.�9�8�1�) �.

�N�e�g�r�e�t�t�i�a�n�d�Z�a�m�b�r�a�'�s�I�m�p�r�o�v�e�d�M�a�g�n�e�t�o�-�E�l�e�c�t�r�i�c
�M�a�c�h�i�n�e�,�a�m�o�s�t�c�o�n�v�e�n�i�e�n�t�a�n�d�p�o�r�t�a�b�l�e�a�p�p�a�r�a�t�u�s�f�o�r
�t�h�e�a�p�p�l�i�c�a�t�i�o�n�o�f �m�e�d�i�c�a�l�g�a�l�v�a�n�i�s�r�n�;�n�o�a�c�i�d�r�e�q�u�i�r�e�d�,
�t�h�e�i�n�s�t�r�u�m�e�n�t�a�l�w�a�y�s�r�e�a�d�y�f�o�r �u�s�e�,�a�n�d�'�t�h�e�s�t�r�e�n�g�t�h�o�f
�t�h�e�c�u�r�r�e�n�t�s�c�a�n�b�e�r�e�g�u�l�a�t�e�d�f�r�o�m�t�h�e�m�o�s�t�f�e�e�b�l�e�t�o �t�h�e
�h�i�g�h�e�s�t�i�n�t�e�n�s�i�t�y�.�I�n�m�a�h�o�g�a�n�y�b�o�x�,�w�i�t�h�d�i�r�e�c�t�o�r�s

�D�i�t�t�o �d�i�t�t�o �P�A�T�E�N�T�,�w�i�t�h�s�e�l�f�-�a�c�t�i�n�g�c�l�o�c�k�w�o�r�k�m�o�v�e�m�e�n�t
�M�a�g�n�e�t�i�c�T�o�y�s�,�c�o�n�s�i�s�t�i�n�g�o�f û��s�h�e�s�,�s�h�i�p�s�,�s�w�a�n�s�,�&�c�.�,�t�o

�i�l�l�u�s�t�r�a�t�e�m�a�g�n�e�t�i�c�a�t�t�r�a�c�t�i�o�n�a�n�d�r�e�p�u�l�s�i�o�n�. �. �.
�A�m�p�e�r�e�'�s�A�p�p�a�r�a�t�u�s�,�f�o�r �e�x�h�i�b�i�t�i�n�g�t�h�e �r�o�t�a�t�i�o�n�o�f �a

�c�y�l�i�n�d�r�i�c�a�l�g�a�l�v�a�n�i�c�b�a�t�t�e�r�y�r�o�u�n�d�t�h�e�p�o�l�e�o�f �a�m�a�g�n�e�t�.
�H�o�r�s�e�-�s�h�o�e�M�a�g�n�e�t�o�n�b�r�a�s�s�f�o�o�t�,�f�o�r�d�i�t�w
�D�e�l�a �R�i�v�e ��s�F�l�o�a�t�i�n�g�B�a�t�t�e�r�y �. �. �. �.
�M�a�r�s�h ��s�A�p�p�a�r�a�t�u�s�f�o�r �s�h�e�w�i�n�g�t�h�e�v�i�b�r�a�t�i�o�n�o�f �a �s�u�s �

�p�e�n�d�e�d�w�i�r�e�,�t�r�a�n�s�m�i�t�t�i�n�g�a�n�e�l�e�c�t�r�i�c�a�l�c�u�r�r�e�n�t�w�h�e�n
�s�u�b�m�i�t�t�e�d�t�o�t�h�e�i�nû��u�e�n�c�e�o�f�t�h�e�p�o�l�e�s�o�f �a�. �m�a�g�n�e�t�.

�F�a�r�r�a�d�a�y�'�s�A�p�p�a�r�a�t�u�s�f�o�r�s�h�e�w�i�n�g�t�h�e�r�o�t�a�t�o�r�y�m�o�t�i�o�n�o�f
�a �w�i�r�e�,�t�r�a�n�s�m�i�t�t�i�n�g�a�n�e�l�e�c�t�r�i�c�a�l�c�u�r�r�e�n�t�r�o�u�n�d�t�h�e�p�o�l�e
�o�f�a�m�a�g�n�e�t�. �. �. �. �. �. �. �. �.

�F�a�r�r�a�d�a�y ��s�R�o�t�a�t�i�n�g�N�e�e�d�l�e�,�a�n�d�M�a�r�s�h ��s�V�i�b�r�a�t�i�n�g
�W�i�r�e�,�i�n �t�h�e�s�a�m�e�i�n�s�t�r�u�m�e�n�t �. �. �. �. �.

�T�e�r�r�e�s�t�r�i�a�l�R�o�t�a�t�i�n�g�M�a�g�n�e�t�.
�S�t�n�r�g�e�o�n ��s�R�o�t�a�t�i�n�g�D�i�s�c�(û��g�.�9�9�2�)

� � 

�F�1�0�.�1�0�0�2�.
� � 

�N�J �1�0�0

�0�1�0�6
�6 �0�1�0

�0�8

�6�3�6�9



�1�0�7�,�n�o�n�n�o�n�n�H�I�L�L�,�l�, �H�A�T�T�O�N�G�A�R�D�E�N�,�A�N�D�5�9�,�C�O�R�N�H�I�L�L�,�L�O�N�D�O�N�.�8�9

�F�m�.�9�9�8�.� � 

�9�9�3

�9�9�4

�9�9�5

�9�9�6

�9�9�7

�9�9�8

�9�9�9

�1�0�0�0

�1�0�0�1

�1�0�0�2

�1�0�0�8

�1�0�0�4

�1�0�0�5

�a

� � 

�B�a�r�l�o�w ��s�S�t�e�l�l�a�r�-�f�o�r�m�e�d�R�o�t�a�t�i�n�g�W�h�e�e�l
�D�o�u�b�l�e�W�h�e�e�l�o�f �t�h�e�s�t�e�l�l�a�r�f�o�r�m �. �. �.
�A�p�p�a�r�a�t�u�s�,�e�x�h�i�b�i�t�i�n�g�a�c�o�i�l�o�f�c�o�p�p�e�r�w�i�r�e�r�o�t�a�t�i�n�g�b�e�t�w�e�e�n

�t�h�e�p�o�l�e�s�o�f�a�m�a�g�n�e�t �. �. �. �. �.

�G�l�a�s�s�T�u�b�e�,�s�u�r�r�o�u�n�d�e�d�b�y�a�c�o�i�l�o�f�c�o�p�p�e�r�w�i�r�e�,�f�o�r�m�a�g
�n�e�t�i�z�i�n�g�s�t�e�e�l�n�e�e�d�l�e�s�b�y�i�n�d�u�c�t�i�o�n�. �. �. �.

�E�l�e�c�t�r�e�p�i�t�e�r�,�f�o�r �r�e�v�e�r�s�i�n�g�t�h�e�d�i�r�e�c�t�i�o�n�o�f�g�a�l�v�a�n�i�c�o�r
�e�l�e�c�t�r�o�-�m�a�g�n�e�t�i�c�c�u�r�r�e�n�t�s �. �. �. �. �. �.

�D�r�.�G�.�B�i�r�d ��s�I�n�v�e�r�s�o�r�,�f�o�r�d�i�t�t�o�(û��g�.�9�9�8
�B�a�c�h�oû��h�e�r ��s�E�l�e�c�t�r�e�p�i�t�e�r�,�f�o�r�d�i�t�t�o�(û��g�.�9�9�9�)
�M�o�d�e�l�o�f �S�a�w�M�i�l�l�d�r�i�v�e�n�b�y�E�l�e�c�t�r�o�-�M�a�g�n�e�t�i�s�m�,�c�o�n

�s�i�s�t�i�n�g�o�f�a�p�o�w�e�r�f�u�l�e�l�e�c�t�r�o�-�m�a�g�n�e�t�o�n�s�t�a�n�d�,�w�i�t�h�r�o�t�a
�t�i�n�g�a�r�m�a�t�u�r�e�,�d�r�i�v�i�n�g�a�c�i�r�c�u�l�a�r�s�a�w �. �. �.

�M�o�d�e�l�E�l�e�c�t�r�o�~�M�a�g�n�e�t�i�c�E�n�g�i�n�e�,�d�r�i�v�i�n�g�a �s�m�a�l�l
�W�a�t�e�r�P�u�m�p�. �. �. �. �. �. �. �.

�E�l�e�c�t�r�o�-�M�a�g�n�e�t�i�c�M�o�t�i�v�e�E�n�g�i�n�e�s�,�w�o�r�k�e�d�b�y�t�h�e�c�o�m
�b�i�n�a�t�i�o�n�o�f �e�l�e�c�t�r�o�-�m�a�g�n�e�t�i�c�f�o�r�c�e�s�(û��g�.�1�0�0�2�)

�M�o�d�e�l�E�l�e�c�t�r�o�-�M�a�g�n�e�t�i�c�T�e�l�e�g�r�a�p�h�,û��t�t�e�d�w�i�t�h�r�e�v�e�r�s�i�n�g
�b�r�e�a�k�,�i�n �a�s�i�m�p�l�e�f�o�r�m�o�n�a�s�t�a�n�d�,�s�u�i�t�e�d�f�o�r�l�e�c�t�u�r�e�s�o�r

�t�h�e�c�l�a�s�s�r�o�o�m�(û��g�.�1�0�0�3�) �. �. �. �. �. �.

�M�o�d�e�l�E�l�e�c�t�r�o�-�M�a�g�n�e�t�i�c�S�i�g�n�a�l�B�e�l�l�,�t�o�b�e�u�s�e�d�i�n �c�o�n
�j�u�n�c�t�i�o�n�w�i�t�h�a�b�o�v�e�(û��g�.�1�0�0�4�) �. �. �. �.

�C�o�m�p�o�u�n�d�E�l�e�c�t�r�o�-�M�a�g�n�e�t�i�c�A�p�p�a�r�a�t�u�s�,�c�o�n�s�i�s�t�i�n�g�o�f�n�.
�h�o�r�s�e�-�s�h�o�e�m�a�g�n�e�t�,�o�n�b�r�a�s�s�f�o�o�t�,�w�i�t�h�l�e�v�e�l�l�i�n�g�s�c�r�e�w�s
�a�n�d�s�l�i�d�i�n�g�p�i�l�l�a�r�,�t�w�o�r�o�t�a�t�i�n�g�a�r�m�a�t�u�r�e�s�,�r�o�t�a�t�i�n�g�c�o�i�l�,
�A�m�p�e�r�e�'�s�b�u�c�k�e�t�,�m�o�b�i�l�e�w�i�r�e�f�r�a�m�e�,�h�e�l�i�c�a�l�c�o�i�l�,�r�o�t�a�t�i�n�g

�c�y�l�i�n�d�e�r�,�a�n�d�t�w�oû��o�o�d�c�u�p�s�. �. �. �. �. �.
�C�o�p�p�e�r�W�i�r�e�,�c�o�v�e�r�e�d�w�i�t�h�c�o�t�t�o�n�,�s�u�p�e�r�i�o�r�q�u�a�l�i�t�y�,�i�n

�l�o�n�g�l�e�n�g�t�h�s�: �
�N�o�s�.�1�2�t�o �u�. �1�5�t�o �[�8�. �[�9�t�o �2�2�. �2�3�t�o�2�6�. �s�o�t�o �a�n�.

�P�e�r�l�b�. �3�/ �4�/ �5�/ �6�/ �8�/�6
�C�o�p�p�e�r�W�i�r�e�,�c�o�v�e�r�e�d�w�i�t�h�s�i�l�k�,�t�o�o�r�d�e�r�.
�C�o�p�p�e�r�W�i�r�e�,�c�o�v�e�r�e�d�w�i�t�h�g�u�t�t�a�p�e�r�c�h�a�,�i�n �l�e�n�g�t�h�s�o�f�1�0�0

�f�e�e�t�a�n�d�u�p�w�a�r�d�s�,�o�f �v�a�r�i�o�u�s�s�i�z�e�s�,�f�r�o�m�,�p�e�r�l�e�n�g�t�h
�B�a�r�M�a�g�n�e�t�s�,�s�i�n�g�l�e�o�r�i�n �s�e�t�s�,�f�o�u�n�d�o�rû��a�t�,�f�r�o�m�6�i�n�c�h�e�s

�i�n �l�e�n�g�t�h �. �. �. �. �. �' �.

�F�m�.�1�0�0�4�.

� � 

�1�0�0

�1�2�0



�9�0 �S�C�I�E�N�T�I�F�I�C�I�N�S�T�R�U�M�E�N�T�S�M�A�N�U�F�A�C�T�U�R�E�D�B�Y�N�E�G�R�E�T�T�I�&�Z�A�M�B�R�A�,

� � 

�1�0�1�0
�1�0�1�1
�1�0�1�2
�1�0�1�3

�1�0�1�4

�1�0�1�5

�1�0�1�6

�F�1�0�.�1�0�0�3�.

�F�1�0�.�1�0�1�4�.
� � � 

�H�o�r�s�e�-�s�h�o�e�M�a�g�n�e�t�s�,�f�r�o�m�1 �t�o �1�0�i�n�c�h�e�s�i�n �l�e�n�g�t�h�,�[�6�, �1�]
�C�o�m�p�o�u�n�d�d�i�t�t�o�,�o�f �v�a�r�i�o�u�s�s�i�z�e�s �. �. �. �. �.
�N�a�t�u�r�a�l�M�a�g�n�e�t�s�o�r �L�o�a�d�s�t�o�n�e�s�. �. �- �. �.
�A�n�A�s�s�o�r�t�m�e�n�t�o�f �E�l�e�c�t�r�o�-�M�a�g�n�e�t�i�c�A�p�p�a�r�a�t�u�s�,�p�a�c�k�e�d

�i�n �m�a�h�o�g�a�n�y�c�a�s�e�t�o �i�l�l�u�s�t�r�a�t�e�t�h�eû��r�s�t�p�r�i�n�c�i�p�l�e�s�o�f �t�h�e

�s�c�i�e�n�c�e�.
�T�h�e�s�e�s�e�t�s�a�r�e�s�o�n�r�n�n�g�e�d�a�s�t�o�e�x�t�e�n�d�a�n�d�c�o�m�p�l�e�t�e�t�h�o�s�e�o�f�G�a�l�v�a�n�i�c

�A�p�p�a�r�a�t�u�s�,�p�a�g�e�8�4�.

�T�H�E�R�M�O�-�E�L�E�C�T�R�I�C�A�P�P�A�R�A�T�U�S�.

�C�o�m�p�o�u�n�d�F�r�a�m�e�s�a�n�d�W�i�r�e�s�o�f �t�h�e�v�a�r�i�o�u�s�m�e�t�a�l�s�,�f�o�r
�e�x�h�i�b�i�t�i�n�g�t�h�e�r�m�o�-�e�l�e�c�t�r�i�c�r�o�t�a�t�i�o�n�s�(û��g�.�1�0�1�4�) �f�r�o�m

�R�e�c�t�a�n�g�u�l�a�r�W�i�r�e�F�r�a�m�e�s�,�w�i�t�h�f�o�u�r�b�r�a�n�c�h�e�s�c�o�m�p�o�s�e�d
�o�f �d�i�s�s�i�m�i�l�a�r�m�e�t�a�l�s�,�w�i�t�h�aû��n�e�p�o�i�n�t�o�n�t�h�e�r�e�c�t�a�n�g�l�e�,
�f�o�r�s�u�s�p�e�n�d�i�n�g�0�n�t�h�e�p�o�l�e�o�f �a�m�a�g�n�e�t�,�t�o�s�h�o�w�t�h�e�r�m�o
�m�a�g�n�e�t�i�c�r�o�t�a�t�i�o�n�(û��g�.�1�0�1�5�) �. �. �. �f�r�o�m

�T�h�e�r�m�o�-�R�o�t�a�t�i�n�g�C�o�m�p�o�u�n�d�R�e�c�t�a�n�g�q�u�F�r�a�m�e�s�,
�c�o�m�p�o�s�e�d�o�f �p�l�a�t�i�n�a�a�n�d�s�i�l�v�e�r�w�i�r�e�s�,�m�o�u�n�t�e�d�o�n�a�.

�h�o�r�s�e�-�s�h�o�e�m�a�g�n�e�t�,�c�o�m�p�l�e�t�e�,�w�i�t�h�s�p�i�r�i�t�l�a�m�p�(û��g�.�1�0�1�6�)
� 

� 

�F�1�0�.�1�0�1�8�.

�F�1�0�.�1�0�1�5�.

�E�a�c�h�.

�£�s�.
�0�2
�0�1�0
�0�1

�m�o�s�t�?

� � 

� � 

�F�m�.�1�0�1�6�.



�1�0�7�,�H�O�L�B�O�R�N�H�I�L�L�,�1�, �H�A�T�T�O�N�s�a�u�n�a�s�,�m�5�9�,�C�O�R�N�H�I�L�L�,�L�O�N�D�O�N�.�, �9�1

�E�L�E�C�T�R�O�-�G�A�L�V�A�N�I�C�M�A�C�H�I�N�E�S�,

�1 ��0�3�A�D�M�I�N�I�S�T�E�B�I�N�G�M�E�D�I�C�A�L�G�A�L�V�A�N�I�S�M�.

�E�a�c�h�. �E�a�c�h�.

�£ �a�. �d�. �£ �a�. �d�.
�1�0�1�7�E�l�e�c�t�r�a�-�G�a�l�v�a�n�i�c�C�o�i�l�M�a�c�h�i�n�e�s�. �. �. �f�r�o�m �1 �1 �o
�1�0�1�8�D�i�t�t�o �d�i�t�t�o�, �w�i�t�h�f�o�u�r�b�i�n�d�i�n�g�s�c�r�e�w�s�,�t�o �r�e�g�u�l�a�t�e

�s�h�o�c�k�(û��g�.�1�0�1�8�)�. �. �. �. �. �. �. �. �l �1�0 �0
�1�0�1�9�D�i�t�t�o �d�i�t�t�o�,�w�i�t�h�L�o�c�k�e�y�'�s�W�a�t�e�r�R�e�g�u�l�a�t�o�r�. �. �1 �1�0 �0
�1�0�2�0�E�i�t�h�e�r�o�f �t�h�e�a�b�o�v�e�p�a�c�k�e�d�i�n �p�o�l�i�s�h�e�d�m�a�h�o�g�a�n�y�c�a�s�e�,

�w�i�t�h�o�n�e�o�f �S�m�e�e ��s�b�a�t�t�e�r�i�e�s�,�c�o�n�d�u�c�t�i�n�g�w�i�r�e�s�,�s�h�o�c�k
�h�a�n�d�l�e�s�,�a�n�d�d�i�r�e�c�t�o�r�s�,�c�o�m�p�l�e�t�e�,�v�e�r�y�p�o�r�t�a�b�l�e�a�n�d�c�o�r�r
�v�e�n�i�e�n�t�f�o�r�m�e�d�i�c�a�l�p�r�a�c�t�i�c�e�. �. �. �. �. �. �3 �8 �0

�1�0�2�1�D�i�t�t�o�,�w�i�t�h�t�w�o�o�f �S�m�e�e ��s�b�a�t�t�e�r�i�e�s�. �. �. �4 �0 �0
�1�0�2�2�D�i�t�t�o�,�l�a�r�g�e�r�a�n�d�m�o�s�t�i�m�p�r�o�v�e�d�f�o�r�m�,�w�i�t�h�a �s�i�m�p�l�e�a�n�d

�e�f�f�e�c�t�i�v�e�c�o�n�t�r�i�v�a�n�c�e�f�o�r�r�e�g�u�l�a�t�i�n�g�t�h�e�s�h�o�c�k�,�c�o�m�p�l�e�t�e�,
�i�n �m�a�h�o�g�a�n�y�c�a�s�e�,�w�i�t�h�t�w�o�l�a�r�g�e�S�m�e�e ��s�b�a�t�t�e�r�i�e�s�,
û��e�x�i�b�l�e�c�o�n�d�u�c�t�i�n�g�w�i�r�e�s�,�s�h�o�c�k�h�a�n�d�l�e�s�,�d�i�r�e�c�t�o�r�s�,�&�c�.�,
�w�i�t�h�d�i�r�e�c�t�i�o�n�s�f�o�r�u�s�e �. �. �. �. �. �. �. �6 �6 �0 �8 �8 �0

�1�0�2�3�L�a�r�g�e�r�C�o�i�l�s�a�n�d�B�a�t�t�e�r�i�e�s�o�f �a�n�y�n�u�m�b�e�r�o�f�e�l�e�m�e�n�t�s
û��t�t�e�d�t�o �a�b�o�v�e�,�f�o�r�h�o�s�p�i�t�a�l�u�s�e�,�t�o�o�r�d�e�r

�T�h�e�s�e�i�n�s�t�r�u�m�e�n�t�s�c�a�n�b�e�h�a�d�o�f �e�i�t�h�e�r�p�r�i�m�a�r�y�o�r�s�e�c�o�n�d�a�r�y�a�r�r�a�n�g�e
�m�e�n�t�,�o�r�b�o�t�h�c�o�m�b�i�n�e�d�i�n �o�n�e�c�o�i�l�.

�F�u�l�l�d�i�r�e�c�t�i�o�n�s�l�e�n�t�w�i�t�h�e�a�c�h�a�p�p�a�r�a�t�u�s�,�t�h�a�t�w�i�l�l�e�n�a�b�l�e�p�a�t�i�e�n�t�s�t�o

�u�s�e�t�h�e�m�w�i�t�h�t�h�e�g�r�e�a�t�e�s�t�e�a�s�e�a�n�d�c�o�n�v�e�n�i�e�n�c�e�.

�1�0�2�4�S�p�o�n�g�e�D�i�r�e�c�t�o�r�s�. �. �. �. �f�r�o�m�,�p�e�r�p�a�i�r �0 �3 �6
�1�0�2�5�S�h�o�c�k�H�a�n�d�l�e�s �- �. �. �- �,�, �0 �2 �6
�1�0�2�6�D�i�r�e�c�t�o�r�s�o�f �v�a�r�i�o�u�s�f�o�r�m�s�,�s�u�i�t�e�d�t�o �t�h�e�a�p�p�l�i�c�a�t�i�o�n�o�f

�g�a�l�v�a�n�i�s�m�t�o�t�h�e�e�y�e�,�t�e�e�t�h�,�&�c�. �. �. �. �f�r�o�m �0 �2 �6

�1�0�2�7�F�l�e�x�i�b�l�e�C�o�n�d�u�c�t�i�n�g�W�i�r�e�s�,�o�f �v�a�r�i�o�u�s�l�e�n�g�t�h�s�,�f�r�o�m�p�e�r
�p�a�i�r �0 �3 �6

�1�0�2�8�A�m�a�l�g�a�m�a�t�e�d�Z�i�n�c�P�l�a�t�e�s �. �. �. �. �. �. �0 �o �9 �o �1�. �6

�P�N�E�U�M�A�T�I�C�A�P�P�A�R�A�T�U�S�.

�1�0�2�9�L�a�r�g�e�s�t�S�i�z�e�D�o�u�b�l�e�-�B�a�r�r�e�l�A�i�r�P�u�m�p�,�w�i�t�h�S�m�e�a�t�o�n�'�s
�s�i�n�g�l�e�c�y�l�i�n�d�e�r�,�o�n�h�i�g�h�m�a�h�o�g�a�n�y�s�t�a�n�d�,�b�a�r�o�m�e�t�e�r
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�c�u�r�i�a�l�g�a�u�g�e�,�r�a�i�s�e�d�r�e�c�e�i�v�e�r�p�l�a�t�e�,�c�l�a�m�p�a�n�d�k�e�y�(û��g�.
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�F�I�G�.�1�0�3�7�.

�F�I�G�.�1�0�3�1�.
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�S�i�n�g�l�e�-�B�a�r�r�e�l�A�i�r�P�u�m�p�s�,�w�i�t�h�r�e�c�e�i�v�e�r�s�(û��g�.�1�0�3�7�) �.
�D�i�t�t�o �d�i�t�t�o �w�i�t�h�i�n�c�l�i�n�e�d�b�a�r�r�e�l�a�n�d�f�o�u�n�t�a�i�n

�e�x�p�e�r�i�m�e�n�t�(û��g�.�1�0�3�8�)�. �. �. �. �. �. �.
�S�e�t�s�o�f�P�n�e�u�m�a�t�i�c�A�p�p�a�r�a�t�u�s�,�p�a�c�k�e�d�i�n �c�a�s�e�,�c�o�n�s�i�s�t�i�n�g

�o�f �s�i�n�g�l�e�o�r �d�o�u�b�l�e�b�a�r�r�e�l�a�i�r �p�u�m�p�,�o�p�e�n�a�n�d�c�l�o�s�e
�r�e�c�e�i�v�e�r�s�,�f�o�u�n�t�a�i�n�a�p�p�a�r�a�t�u�s�,�p�a�i�r�o�f �h�e�m�i�s�p�h�e�r�e�s�,�s�l�i�d�i�n�g
�w�i�r�e�a�n�d�c�o�l�l�a�r�,�s�y�r�i�n�g�e�a�n�d�l�e�a�d�w�e�i�g�h�t�,�b�l�a�d�d�e�r�,�f�r�a�m�e
�a�n�d�w�e�i�g�h�t�,û��l�t�e�r�c�u�p�a�n�d�g�l�a�s�s�f�o�r�m�e�r�c�u�r�y�,�h�a�n�d�g�l�a�s�s
�a�n�d�f�r�u�i�t�s�t�a�n�d �. �. �. �. �. �£�5�,

�C�o�n�d�e�n�s�i�n�g�P�u�m�p�s
�E�x�h�a�u�s�t�i�n�g�S�y�r�i�n�g�e�s �.
�C�o�n�d�e�n�s�i�n�g�S�y�r�i�n�g�e�s�. �. �. �. �. �. �.
�C�o�n�d�e�n�s�i�n�g�a�n�d�E�x�h�a�u�s�t�i�n�g�S�y�r�i�n�g�e�s�,�b�o�t�h�i�n �o�n�e

�i�n�s�t�r�u�m�e�n�t�. �. �. �. �. �. �. �. �.
�L�a�r�g�e�d�i�t�t�o �. �. �. �.
�S�i�n�g�l�e�T�r�a�n�s�f�e�r�r�e�r�(û��g�.�1�0�4�5�)
�D�o�u�b�l�e�T�r�a�n�s�f�e�r�r�e�r �. �. �. �. �. �.
�V�a�c�u�u�m�o�r �P�r�e�s�s�u�r�e�G�a�u�g�e�,�s�m�a�l�l�(�s�e�e�a�l�s�o �G�a�u�g�e�s�,
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�1�0�5�8�B�l�a�d�d�e�r�G�l�a�s�s�- �. �-
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�B�r�e�a�k�i�n�g�S�q�u�a�r�e�s�,�t�o �i�l�l�u�s�t�r�a�t�e�t�h�e�p�r�e�s�s�u�r�e�a�n�d�a�l�s�o�t�h�e
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�W�i�r�e�C�a�g�e�f�o�r �d�i�t�t�o�. �. �. �. �. �. �. �.
�H�e�m�i�s�p�h�e�r�e�s�(û��g�.�1�0�6�4�)�f�o�r �i�l�l�u�s�t�r�a�t�i�n�g�t�h�e�p�r�e�s�s�u�r�e�o�f
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�o�f �c�o�r�k�s�u�s�p�e�n�d�e�d�a�t �o�n�e�e�n�d�,�a�n�d�a�m�e�t�a�l�w�e�i�g�h�t�a�t �t�h�e
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�A�t�h�i�nû��l�m�o�f �l�e�e�m�a�y�b�e�f�o�r�m�e�d�b�y�t�h�i�s�a�p�p�a�r�a�t�u�s�i�n �t�h�e�w�a�r�m�e�s�t
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�A�p�p�a�r�a�t�u�s�,�c�o�n�s�i�s�t�i�n�g�o�f�t�h�r�e�e�g�l�a�s�s�v�e�s�s�e�l�s�,�f�o�r�i�l�l�u�s�t�r�a�t�i�n�g
�t�h�e�m�e�c�h�a�n�i�c�a�l�p�r�o�p�e�r�t�i�e�s�o�f �a�i�r �. �. �. �. �.

�G�l�a�s�s�F�l�a�s�k�,�m�o�u�n�t�e�d�w�i�t�h�s�t�o�p�c�o�c�k�,�f�o�r �i�l�l�u�s�t�r�a�t�i�n�g�t�h�e
�i�nû��u�e�n�c�e�o�f �d�i�m�i�n�i�s�h�e�d�p�r�e�s�s�u�r�e�i�n �f�a�c�i�l�i�t�a�t�i�n�g�e�b�u�l�l�i�t�i�o�n

�P�h�i�l�o�s�o�p�h�i�c�a�l�W�a�t�e�r�H�a�m�m�e�r�. �. �. �. �.
�B�a�l�l�o�o�n�s�o�f �G�o�l�d�B�e�a�t�e�r�s ��S�k�i�n�,�f�o�rû��l�l�i�n�g�w�i�t�h�h�y�d�r�o�g�e�n

�g�a�s�. �, �. �. �. �. �. �. �f�r�o�m

�F�o�u�n�t�a�i�n�G�l�a�s�s�e�s

� � 

�0�1�2�0

� � 

�9�|

�0

�1�0�0

�1�0�0

�1�0�0

�1�0�6



�1�0�7�,�H�O�L�B�O�R�N�H�I�L�L�,�1�, �H�A�T�T�O�N�G�A�R�D�E�N�,�A�N�D�5�9�, �C�O�R�N�H�I�L�L�,�L�O�N�D�O�N�.�9�5

�F�m�.�1�0�7�6�.

� � 

�1�0�8�5

�1�0�8�6

�1�0�8�7

�1�0�8�8
�1�0�8�9

�1�0�9�0

�1�0�9�1
�1�0�9�2

�1�0�9�3

�1�0�9�5

�F�m�.�1�1�0�2�.

�H�Y�D�R�O�S�T�A�T�I�C�S�A�N�D�H�Y�D�R�A�U�L�I�C�S�.

�H�y�d�r�o�s�t�a�t�i�c�P�a�r�a�d�o�x�.�A�n�a�p�p�a�r�a�t�u�s�t�o �p�r�o�v�e�t�h�a�t�a
�s�m�a�l�l�c�o�l�u�m�n�o�f �w�a�t�e�r�w�i�l�l �s�u�p�p�o�r�t�a �m�u�c�h�l�a�r�g�e�r

�q�u�a�n�t�i�t�y�,�a�n�d�a�l�s�o�t�h�a�tû��u�i�d�s�w�i�l�l �r�i�s�e�a�n�d�m�a�i�n�t�a�i�n�t�h�e
�s�a�m�e�l�e�v�e�l�,�w�h�a�t�e�v�e�r�s�h�a�p�e�o�r�s�i�z�e�t�h�e�c�h�a�n�n�e�l�s�t�h�r�o�u�g�h

�w�h�i�c�h�t�h�e�yû��o�w�; �i�n �g�l�a�s�s�o�r�m�e�t�a�l �. �. �f�r�o�m
�H�y�d�r�o�s�t�a�t�i�c�B�e�l�l�o�w�s�,�t�o�i�l�l�u�s�t�r�a�t�e�t�h�a�tû��u�i�d�s�p�r�e�s�s�e�q�u�a�l�l�y

�i�n �a�l�l �d�i�r�e�c�t�i�o�n�s�,�a�n�d�t�h�e�p�r�e�s�s�u�r�e�i�n �p�r�o�p�o�r�t�i�o�n�t�o �t�h�e
�h�e�i�g�h�t�o�f�t�h�e�v�e�r�t�i�c�a�l�c�o�l�u�m�n�o�fû��u�i�d �.

�A�r�t�iû��c�i�a�l�F�o�u�n�t�a�i�n�s�,�b�y�c�o�n�d�e�n�s�e�d�a�i�r�, �c�o�n�s�i�s�t�i�n�g�o�f �a
�c�o�p�p�e�r�v�e�s�s�e�l�,�w�i�t�h�c�o�n�d�e�n�s�i�n�g�p�u�m�p�,�a�n�d�a �v�a�r�i�e�t�y�o�f
�j�e�t�s�,�f�o�r�f�r�a�g�r�a�n�t�w�a�t�e�r�s�,�&�c�.�,�p�a�c�k�e�d�i�n �c�a�s�e �f�r�o�m

�E�x�t�r�a�j�e�t�s�f�o�r�d�i�t�t�o�,�i�l�l�u�s�t�r�a�t�i�n�g�t�h�e�m�e�c�h�a�n�i�c�a�l�f�o�r�c�e�s
�P�e�w�t�e�r�,�C�o�p�p�e�r�,�a�n�d�G�l�a�s�s�S�y�p�h�o�n�s�,�o�f �v�a�r�i�o�u�s�f�o�r�m�s

�(�s�e�e�C�h�e�m�i�c�a�l�S�e�c�t�i�o�n�)�. �. �' �. �. �. �f�r�o�m
�T�a�n�t�a�l�u�s�C�u�p�,�a�n�i�l�l�u�s�t�r�a�t�i�o�n�o�f�t�h�e�u�s�e�o�f�t�h�e�s�y�p�h�o�n
�A�p�p�a�r�a�t�u�s�t�o�e�x�p�l�a�i�n�t�h�e�t�h�e�o�r�y�o�f �i�n�t�e�r�m�i�t�t�i�n�g�s�p�r�i�n�g�s�.
�M�o�d�e�l�o�f �C�e�n�t�r�i�f�u�g�a�l�P�u�m�p�,�f�o�r �r�a�i�s�i�n�g�w�a�t�e�r�b�y�m�e�a�n�s

�o�f �c�e�n�t�r�i�f�u�g�a�l�f�o�r�c�e�,�c�o�m�b�i�n�e�d�w�i�t�h�a�t�m�o�s�p�h�e�r�i�c�p�r�e�s�s�u�r�e

�M�o�d�e�l�o�f �A�p�p�o�l�d ��s�C�e�n�t�r�i�f�u�g�a�l�P�u�m�p�. �. �. �.
�M�o�d�e�l�'�o�f�B�a�r�k�e�r ��s�H�i�l�l�; �b�y �t�h�i�s �m�a�c�h�i�n�e�,�a �r�o�t�a�t�o�r�y

�m�o�t�i�o�n�i�s �o�b�t�a�i�n�e�d�b�y�t�h�e�c�e�n�t�r�i�f�u�g�a�l�f�o�r�c�e�o�f�t�h�e�w�a�t�e�r

�e�m�p�l�o�y�e�d�. �. �. �. �. �. �. �. �.
�M�o�d�e�l�o�f �A�r�c�h�i�m�e�d�e�s ��S�c�r�e�w�,�o�r �W�a�t�e�r�S�n�a�i�l�, �a

�m�a�c�h�i�n�e�f�o�r �r�a�i�s�i�n�g�w�a�t�e�r�t�o �s�m�a�l�l�h�e�i�g�h�t�s�r�e�q�u�i�r�i�n�g
�l�i�t�t�l�e �p�o�w�e�r�. �. �. �. �. �. �. �. �.

�M�o�n�g�o�lû��e�r�'�s�W�a�t�e�r�R�a�m�;�t�h�i�s�m�a�c�h�i�n�e�,�b�y�t�h�e�m�o�m�e�n�t
�u�m�a�c�q�u�i�r�e�d�f�r�o�m�t�h�eû��o�w�o�f �w�a�t�e�r�t�h�r�o�u�g�h�a �p�i�p�e�,
�f�o�r�c�e�s�a�s�m�a�l�l�c�o�l�u�m�n�t�o�a�c�o�n�s�i�d�e�r�a�b�l�e�h�e�i�g�h�t

�E�a�c�h�.
�£ �a�. �d�.

�1�1�0�0

�E�a�c�h�.

�5�3�:�.

� � 

�d�.



�9�6 �S�C�I�E�N�T�I�F�I�C�I�N�S�T�R�U�M�E�N�T�S�M�A�N�U�F�A�C�T�U�R�E�D�B�Y�N�E�G�R�E�T�T�I�8�: �Z�A�M�B�R�A�,

� � 

�1�0�9�7

�1�0�9�8

�1�0�9�9

�1�1�0�0

�1�1�0�1

�1�1�0�2

�1�1�0�3

�1�1�0�4

�1�1�0�5
�1�1�0�6
�1�1�0�7
�1�1�0�8
�1�1�0�9
�1�1�1�0
�1�1�1�1

�F�I�G�.�1�1�0�6�.

�F�1�0�.�1�1�0�0�.

� � 

�A�p�p�a�r�a�t�u�s�f�o�r�s�h�e�w�i�n�g�t�h�a�t�m�o�r�e�w�a�t�e�rû��o�w�s�f�r�o�m�a�s�h�o�r�t
�t�u�b�e�t�h�a�n�t�h�r�o�u�g�h�a�s�i�m�p�l�e�a�p�e�r�t�u�r�e�o�f �e�q�u�a�l�d�i�a�m�e�t�e�r

�A�p�p�a�r�a�t�u�s�f�o�r �e�x�h�i�b�i�t�i�n�g�a�n�d�i�l�l�u�s�t�r�a�t�i�n�g�t�h�e�c�e�n�t�r�e�o�f
�b�u�o�y�a�n�c�y�,�a�n�d�m�e�t�a�-�c�e�n�t�r�e�a�s�a�p�p�l�i�e�d�i�n �s�h�i�p�-�b�u�i�l�d�i�n�g�.

�A�p�p�a�r�a�t�u�s�f�o�r �i�l�l�u�s�t�r�a�t�i�n�g�t�h�e�l�a�w�s�b�y�w�h�i�c�hû��u�i�d�s�s�p�o�u�t
�t�h�r�o�u�g�h�v�a�r�i�o�u�s�a�d�j�u�t�a�g�e�s�. �. �. �. �. �.

�A�S�e�r�i�e�s�o�f �S�i�x�G�l�a�s�s�T�u�b�e�s�,�f�o�r �s�h�e�w�i�n�g�c�a�p�i�l�l�a�r�y
�a�t�t�r�a�c�t�i�o�n�(û��g�.�1�1�0�0�) �. �. �. �. �. �.

�T�w�o�P�l�a�t�e�s�o�f �G�l�a�s�s�,�a�r�r�a�n�g�e�d�f�o�r �s�h�o�w�i�n�g�t�h�e�h�y�p�e�r
�b�o�l�i�c�c�u�r�v�e�p�r�o�d�u�c�e�d�b�y�c�a�p�i�l�l�a�r�y�a�t�t�r�a�c�t�i�o�n�(û��g�.�l�l�O�l�)�.

�H�o�l�l�o�w�G�l�a�s�s�B�a�l�l�o�o�n�s�a�n�d�F�i�g�u�r�e�s�,�0�1�' �C�a�r�t�e�s�i�a�n
�D�i�v�e�r�s�,�f�o�r�a�s�c�e�n�d�i�n�g�a�n�d�d�e�s�c�e�n�d�i�n�g�i�n �a �t�a�l�l �a�i�r�-�t�i�g�h�t
�v�e�s�s�e�l�o�f�w�a�t�e�r�,�a�s �t�h�e�p�r�e�s�s�u�r�e�o�n�t�h�e�s�u�r�f�a�c�e�i�s �i�n
�c�r�e�a�s�e�d�o�r�d�i�m�i�n�i�s�h�e�d�,�2�] �e�a�c�h�,�o�r�i�n �g�l�a�s�s�v�e�s�s�e�l�c�o�m�p�l�e�t�e
�(û��g�.�1�1�0�2�) �. �. �. �. �. �. �. �. �.

�W�o�r�k�i�n�g�M�o�d�e�l�o�f�B�r�a�m�a�h�'�s�H�y�d�r�o�s�t�a�t�i�c�P�r�e�s�s�,�r�a�i�s�i�n�g
�4�0�0�-�l�e�. �. �. �. �. �. �. �. �.

�D�i�t�t�o�,�b�r�i�g�h�t�l�yû��n�i�s�h�e�d�t�o �s�c�a�l�e�,�w�i�t�h�k�e�y�s�a�n�d�b�r�e�a�k�i�n�g
�i�r�o�n�s�c�o�m�p�l�e�t�e�,�3�0�c�w�t�.�(û��g�.�1�1�0�4�) �. �. �. �.

�L�a�r�g�e�r�s�i�z�e�d�i�t�t�o�,�6�0�c�w�t�. �.
�G�l�a�s�s�M�o�d�e�l�o�f �D�i�v�i�n�g�B�e�l�l�,�w�i�t�h

�M�o�d�e�l�o�f �U�n�d�e�r�s�h�o�t�W�h�e�e�l�.
�M�o�d�e�l�o�f �O�v�e�r�s�h�o�t�W�h�e�e�l
�M�o�d�e�l�o�f �B�r�e�a�s�t�W�h�e�e�l �.
�C�a�n�a�l�L�o�c�k�a�n�d�S�l�u�i�c�e�G�a�t�e�s �f�r�o�m
�C�u�r�r�e�n�t�M�e�t�e�r�s�,�f�o�r�s�h�o�w�i�n�g�t�h�e�r�a�t�e�o�fû��o�w�o�r�t�i�d�e�i�n �a

�s�t�r�e�a�m�o�r �r�i�v�e�r�,�a�n�d�t�h�e�a�m�o�u�n�t�o�f �g�a�l�l�o�n�s�p�e�r�h�o�u�r
�d�e�l�i�v�e�r�e�d

�l�a�m�p�,�&�c�.�(û��g�.�1�1�0�6�)

�H�Y�D�R�O�M�E�T�E�R�S�,�B�A�C�C�H ��R�O�M�B�T�E�R�S�,�G�R�A�V�I�M�E�T�E�B�S�,�B�T�C�.�,�F�O�R�D�E�T�E�R�M�I�N�I�N�G�T�i�l�l�-�1 �S�P�E�C�I�F�I�C

�m�u�w�r�r�r�o�r �r�w�m�s�A�N�D�s�o�L�r�n�s�(�S�E�E�r�a�c�e�3�6�.�)

�I�O�N�t�h�-�l �0�0�0�0�1
�O�O�O�Q �s�e�s�s�i�l�e�-�h�t�: �m�i�n�e�-�n�o �o�o�o�o�o



�1�0�7�,�H�O�L�B�O�R�N�H�I�L�L�,�1�, �H�A�T�T�O�N�G�A�R�D�E�N�,�A�N�D�5�9�, �C�O�R�N�H�I�L�L�,�L�O�N�D�O�N�.�9�7

�O�P�T�I�C�A�L�I�N�S�T�R�U�M�E�N�T�S�.

�O�P�E�R�A�G�L�A�S�S�E�S�,�R�A�C�E�G�L�A�S�S�E�S�,�C�A�P�T�A�I�N�S ��G�L�A�S�S�E�S�,

� � 

�1�1�1�2

�1�1�1�3

�1�1�1�4

�1�1�1�5

�1�1�1�6

�M�I�C�R�O�S�C�O�P�E�S�,�S�P�E�C�T�A�C�L�E�S�,�T�E�L�E�S�C�O�P�E�S�.

�F�m�.�1�1�1�7�.

�F�1�0�.�1�1�1�2�. �F�1�0�.�1�1�1�3�.

�A�c�h�r�o�m�a�t�i�c�O�p�e�r�a�o�r �P�e�r�s�p�e�c�t�i�v�e�G�l�a�s�s�e�s�,�s�i�m�p�l�e�f�o�r�m�,
�b�l�a�c�k�b�o�d�y�,�w�i�t�h�t�w�o�p�l�a�t�e�d�d�r�a�w�s�,�t�h�e�o�b�j�e�c�t�g�l�a�s�s�l�i�-�i�n�.

�d�i�a�m�e�t�e�r�(û��g�.�1�1�1�2�)

�A�c�h�r�o�m�aû��c�O�p�e�'�r�s�G�l�a�s�s�e�s�,�p�e�a�r�f�o�r�m�,�w�i�t�h�b�l�a�c�k�b�o�d�y�,
�o�n�e�g�i�l�t �d�r�a�w�,�t�h�e�o�b�j�e�c�t�g�l�a�s�s�l�g�-�i�n�.�d�i�a�m�e�t�e�r�,�c�a�l�l�e�d�t�h�e
 � �E�x�h�i�b�i�t�i�o�n�G�l�a�s�s�" �(�f�i�g�. �1�1�1�3�)

�D�i�t�t�o�,�w�i�t�h�i�v�o�r�y�b�o�d�y�a�n�d�g�i�l�t �d�r�a�w

�S�y�d�e�n�h�a�m�W�a�i�s�t�c�o�a�t�-�P�o�c�k�e�t�G�l�a�s�s�,�w�i�t�h �a�c�h�r�o�m�a�t�i�c
�c�o�m�b�i�n�a�t�i�o�n�o�f �s�i�x �l�e�n�s�e�s�,�o�f�e�x�t�r�a�o�r�d�i�n�a�r�y�d�eû��n�i�n�g�a�n�d
�m�a�g�n�i�f�y�i�n�g�p�o�w�e�r�: �

�P�l�a�i�n�j�a�p�a�n�n�e�d�m�e�t�a�l�m�o�u�n�t�i�n�g�. �. �. �.
�D�i�t�t�o �d�i�t�t�o �b�o�d�y�c�o�v�e�r�e�d�w�i�t�h�l�e�a�t�h�e�r�.

�I�v�o�r�y�b�o�d�y�a�n�d�g�i�l�t �s�l�i�d�e
�T�o�r�t�o�i�s�e�-�s�h�e�l�l�d�i�t�t�o�a�n�d�d�i�t�t�o �.

�T�o�m�T�h�u�m�b�O�p�e�r�a�G�l�a�s�s�f�o�r �t�h�e�W�a�t�c�h�C�h�a�i�n�.

�F�1�0�.�1�1�1�8�.

� � 

� 

� 

�0�1�0�0

� � 

�0�1�2

�0�1�5

�n ��I�-�n�-�v

�-

�C�-�D�(�O�\�I�G�}�!

�0�1�0

�G�O�O�O�O

�O�i



�9�8 �S�C�I�E�N�T�I�F�I�C�I�N�S�T�R�U�M�E�N�T�S�M�A�N�U�F�A�C�T�U�R�E�D�B�Y�N�E�G�R�E�T�T�I�d�z �Z�A�M�B�R�A�,

�D�O�U�B�L�E�A�C�H�R�O�M�A�T�I�C�O�P�E�R�A�G�L�A�S�S�E�S�.

�1�1�1�7�D�o�u�b�l�e�A�c�h�r�o�m�a�t�i�c�O�p�e�r�a�G�l�a�s�s�e�s�,�w�i�t�h�s�c�r�e�w�a�d�j�u�s�t�m�e�n�t�,�t�h�e�o�b�j�e�c�t�g�l�a�s�s�e�s
�a�n�d�e�y�e�l�e�n�s�e�s�w�a�r�r�a�n�t�e�d�o�f �a �s�u�p�e�r�i�o�r�q�u�a�l�i�t�y�,�a�n�d�c�a�s�e�s�t�o �e�a�c�h�s�i�z�e

� 

� 

� 

�(û��g�.�l�l�l�7�)�: �

�D�i �r �'�1 ��h �b�o�d�o�s�1�$�%�°�W�M�T�h�e�b�o�d�y�a�n�d �g�m�d�h�e�lû��g�d ��0�;�,�t�h �T�h�e�b�o�d�y�u�n�d�T�h�e�b�o�d�y �T�h�e�b�o�d�y�a�n�d
�s�l�i�d�e�s�a�l�l �d  ��m�e�n�u �s�l�i�d�e�s�a�n�d �s�l�i�d�e�s �p�e�a�r�l�,�w�i�t�h �s�l�i�d�e�s

�F�r�e�n�c�h�E�n�g�l�i�s�h �b�l�a�c�k�. �8 �i � �m �a�d�j�u�s�t�m�e�n�t�s�a�l�l �i�v�o�r�y�. �g�i�l�t �s�l�i�d�e�s�. �a�l�l �p�e�a�r�l�.
�L�i�n�e�s�. �I�n�c�h�e�s�. �3 �- �g�i�l�l�.

�1�5 �l�g�-�i�n�. �£�1�1�4�0 �£�1�1�6�0 �£�2 �0 �0 �£�4�1�0 �0 �£�4�1�5�0 �£�5 �5 �0

�1�7 �l�}�-�i�n�.�2�0�0�2�2�0�2�4�0�5�0�0�5�5�0�6�0�0

�1�9 �lû��-�i�n�. �2 �1�0 �0 �2 �1�2 �0 �3 �8 �0 �5 �1�0 �0 �5 �1�5 �0 �6 �1�0 �0

�2�1 �1�%�-�i�n�. �3�4�0�3�6�0�3�1�0�0�6�0�0�6�0�0�7�0�0

�2�4 �2û��-�i�n�. �3�1�6�0 �3�1�8�0 �4 �4 �0 �8 �0 �0 �8�1�0�0 �9 �0 �0

�2�6 �2�7�1�-�1�1�1�. �4 �4 �0 �4 �6 �0 �5�1�0�0 �1�0 �0 �0 �1�0 �0 �0 �1�1 �0 �0

� � � � � � 

� 

� 

� 

�1�1�1�8�A�c�h�r�o�m�a�t�i�c�O�p�e�r�a�G�l�a�s�s�e�s�,�w�i�t�h�m�o�v�e�a�b�l�e�c�e�n�t�r�e�s�,�t�o �c�h�a�n�g�e�t�h�e�a�x�i�s�o�f�t�h�e
�l�e�n�s�e�s�s�o�a�s�t�o �s�u�i�t �t�h�e�w�i�d�t�h�o�f�d�i�f�f�e�r�e�n�t�e�y�e�s�(û��g�.�1�1�1�8�)�f�r�o�m�5�] �t�o �1�5�/�e�a�c�h
�e�x�t�r�a�o�n�t�h�e�a�b�o�v�e�p�r�i�c�e�s�.

�T�h�e�a�b�o�v�e�p�r�i�c�e�s�a�r�e�f�o�r�t�h�e�m�y�a�n�s�-�r�Q�U�A�L�I�T�Y�o�f �l�e�n�s�e�s�a�n�d�m�o�u�n�t�i�n�g�s�;�s�i�m�i�l�a�r�s�i�z�e�s�o�f �O�p�e�r�a
�G�l�a�s�s�e�s�c�a�n�b�e�s�u�p�p�l�i�e�d�o�f �i�n�f�e�r�i�o�r�m�a�n�u�f�a�c�t�u�r�e�a�t�l�o�w�e�r�r�a�t�e�s�.

�1�1�1�9�O�p�e�r�a�G�l�a�s�s�e�s�o�f �t�h�e �b�e�s�t �m�a�n�u�f�a�c�t�u�r�e�,�w�i�t�h �t�r�i�p�l�e �a�c�h�r�o�m�a�t�i�c�e�y�e�p�i�e�c�e�s
�a�n�d�o�b�j�e�c�t�g�l�a�s�s�e�s�,�o�r�1�2�-�i�e�n�s�c�o�m�b�i�n�a�t�i�o�n�: �

� 

� 

� 
�D�i  ��F�r�e�n�c�h  ��d�i�n�e�r �B�o�d�y�a�n�d�s�l�i�d�e�s�a�l�l �B�o�d�y�b�l�a�c�k�.�t�h�e�s�l�i�d�e�s�a�n�d �I�v�o�r�y�b�o�d�y�,�g�i�l�t �s�l�i�d�e�s�a�n�d

�L�i�n�e�s�. �O�b�j�e�c�t �b�l�a�c�k �a�d�j�u�s�t�m�e�n�t�s�g�i�l�t�. �a�d�j�u�s�t�m�e�n�t�s�.
�G�l�a�s�s�e�s�. �'

�l�7 �l�i�-�i�n�. �£�3 �1�0 �0 �£�3 �1�6 �0 �£�4 �4 �0

�1�9 �1�2�-�i�n�. �3 �1�8 �0 �4 �2 �0 �5 �6 �O

�2�1 �l�i�-�i�n�. �4 �1�0 �0 �4 �l�5 �0 �6 �0 �0

�2�4 �2�§�-�i�n�. �5 �1�0 �0 �6 �0 �0 �7 �0 �0

� 

� 

�A�d�j�u�s�t�i�n�g�C�e�n�t�r�e�s�t�o�a�n�y�o�f�t�h�e�a�b�o�v�e�o�p�e�r�a�g�l�a�s�s�e�s�,�1�0�/�t�o �1�5�/�e�a�c�h�,�e�x�t�r�a�.

�M�e�s�s�r�s�.�N�e�g�r�e�t�t�i�a�n�d�Z�a�m�b�r�a�h�a�v�e�a�l�w�a�y�s�i�n �s�t�o�c�k�a�n�e�x�t�e�n�s�i�v�e�a�n�d�c�o�s�t�l�y
�a�s�s�o�r�t�m�e�n�t�o�f �A�c�h�r�o�m�a�t�i�c�O�p�e�r�a�G�l�a�s�s�e�s�,�i�n �t�h�e �m�o�s�t�e�l�e�g�a�n�t�a�n�d�r�e�c�h�e�r�c�h�e
�m�o�u�n�t�i�n�g�s�,û��t�t�e�d�w�i�t�h�l�e�n�s�e�s�o�f �t�h�e�v�e�r�yû��n�e�s�t�q�u�a�l�i�t�y�.

�1�1�2�0�I�n�s�o�l�i�d�t�o�r�t�o�i�s�e�-�s�h�e�l�l�,�t�o�r�t�o�i�s�e�-�s�h�e�l�l�a�n�d�g�i�l�t�, �t�o�r�t�o�i�s�e�-�s�h�e�l�l
�b�e�a�u�t�i�f�u�l�l�y�i�n�l�a�i�d�w�i�t�h�s�o�l�i�d�g�o�l�d�o�f �e�x�q�u�i�s�i�t�e�d�e�s�i�g�n�,
�e�n�a�m�e�l�l�e�d�i�n �v�a�r�i�o�u�s�b�r�i�l�l�i�a�n�t�c�o�l�o�u�r�s�o�n�s�o�l�i�d�s�i�l�v�e�r�o�r
�b�r�a�s�s�,�s�o�l�i�d�s�i�l�v�e�r�e�l�a�b�o�r�a�t�e�l�y�c�h�a�s�e�d�,�s�i�l�v�e�r�i�n�l�a�i�d�w�i�t�h
�s�o�l�i�d�g�o�l�d�o�f�t�h�e�m�o�s�t�a�r�t�i�s�t�i�c�p�a�t�t�e�r�n �. �. �. �£�1�0�0 �0 �£�2�5�0 �0

�D�U�C�H�E�S�S�E�A�N�D�E�M�P�R�E�S�S�,�T�W�E�L�V�E�-�L�E�N�S�E�O�P�E�R�A�G�L�A�S�S�E�S�.

�1�1�2�1�T�h�e�s�e�e�l�e�g�a�n�t�l�i�t�t�l�e �i�n�s�t�r�u�m�e�n�t�s�b�y�a�n�o�v�e�l�a�r�r�a�n�g�e�m�e�n�t�o�f�a�c�h�r�o�m�a�t�i�c�l�e�n�s�e�s�i�n
�t�h�e�e�y�e�t�u�b�e�s�a�n�d�o�b�j�e�c�t�g�l�a�s�s�e�s�,�c�o�m�b�i�n�e�a�l�a�r�g�eû��e�l�d�,�h�i�g�h�m�a�g�n�i�f�y�i�n�g�p�o�w�e�r�,
�a�n�d�p�e�r�f�e�c�t�d�eû��n�i�t�i�o�n�,�i�n�t�h�e�s�m�a�l�l�e�s�t�p�o�s�s�i�b�l�e�s�i�z�e�.



�1�0�7�,�H�O�L�B�O�R�N�H�I�L�L�,�1�, �H�A�T�T�O�N�G�A�R�D�E�N�,�A�N�D�5�9�, �C�O�R�N�H�I�L�L�,�L�O�N�D�O�N�.�9 ��.�)

�1�1�2�5

�D�u�c�h�e�s�s�e�o�r �E�m�p�r�e�s�s�1�2�~�l�e�n�s�e�O�p�e�r�a�G�l�a�s�s�e�s�: �
�I�n�p�l�a�i�n�j�a�p�a�n�n�e�d�o�r�b�r�o�n�z�e�d�m�e�t�a�l

�m�o�u�n�t�i�n�g�s

�l�e�a�t�h�e�r�D�i�t�t�o �d�i�t�t�o �c�o�v�e�r�e�d�w�i�t�h�m�o�r�o�c�c�o
�D�i�t�t�o �d�i�t�t�o �w�i�t�h�i�v�o�r�y�b�o�d�y�,�w�i�t�h�g�i�l�t �s�l�i�d�e�s

�a�n�d�a�d�j�u�s�t�m�e�n�t�s�. �. �. �.
�D�i�t�t�o �d�i�t�t�o �s�o�l�i�d�t�o�r�t�o�i�s�e�-�s�h�e�l�l �.
�D�i�t�t�o �d�i�t�t�o �d�i�t�t�o�, �w�i�t�h�g�i�l�t �s�l�i�d�e�s�a�n�d�a�d

�j�u�s�t�m�e�n�t�s �. �. �. �. �.
�D�i�t�t�o �d�i�t�t�o �d�a�r�k�o�r�l�i�g�h�t�t�o�r�t�o�i�s�e�-�s�h�e�l�l�,�i�n�l�a�i�d

�w�i�t�h�g�o�l�d�s�t�a�r�s �. �. �.�I �.
�D�i�t�t�o �d�i�t�t�o �s�o�l�i�d�p�e�a�r�l�m�o�u�n�t�i�n�g�s�. �.
�D�i�t�t�o �d�i�t�t�o �s�o�l�i�d�p�e�a�r�l�w�i�t�h�g�i�l�t �s�l�i�d�e�s�a�n�d

�a�d�j�u�s�t�m�e�n�t�s�. �. �. �. �.
�D�i�t�t�o �d�i�t�t�o �e�n�a�m�e�l�l�e�d�o�n �s�o�l�i�d �s�i�l�v�e�r�, �o�f

�d�i�f�f�e�r�e�n�t�c�o�l�o�u�r�s�a�n�d�d�e�s�i�g�n�s�.

�E�a�c�h�.

�£�s�.

�1�0
�'�2 �l�2

�(�:�1
�O

�5�1�-�F

�5 �0

�d�.

�O

�0

�A�n�e�l�e�g�a�n�t�v�e�l�v�e�t�o�r�m�o�r�o�c�c�o�l�e�a�t�h�e�r�f�o�l�d�i�n�g�c�a�s�e�g�l�v�e�n�w�i�t�h�e�a�c�h�o�f �t�h�e�a�b�o�v�e�.

�D�u�c�h�e�s�s�e�O�p�e�r�a�G�l�a�s�s�e�s�,�6�-�l�e�n�s�e�a�c�h�r�o�m�a�t�i�c�c�o�m�b�i�n�a�t�i�o�n�,
�i�n�j�a�p�a�n�n�e�d�m�e�t�a�l�m�o�u�n�t�i�n�g�s

�c�o�v�e�r�e�d�w�i�t�h�l�e�a�t�h�e�r�.
�i�v�o�r�y�m�o�u�n�t�i�n�g�s

�D�i�t�t�o
�D�i�t�t�o

�d�i�t�t�o
�d�i�t�t�o

�R�A�C�E�A�N�D�R�E�C�O�N�N�O�I�T�E�R�I�N�G�G�L�A�S�S�E�S�.
� � 

�A�c�h�r�o�m�a�t�i�c�R�a�c�e�G�l�a�s�s�,�w�i�t�h�s�u�n�s�h�a�d�e�,�i�n �s�t�r�o�n�g�m�e�t�a�l
�m�o�u�n�t�i�n�g�s�,�j�a�p�a�n�n�e�d�,�w�i�t�h�l�e�a�t�h�e�r�c�a�s�e�a�n�d�s�t�r�a�p �2�1�2�/�0

�A�c�h�r�o�m�a�t�i�c�R�a�c�e�G�l�a�s�s�o�f �t�h�e�b�e�s�t�q�u�a�l�i�t�y�,�i�n �s�t�r�o�n�g
�m�e�t�a�l�m�o�u�n�t�i�n�g�s�,�b�r�o�n�z�e�d�,�t�h�e�b�o�d�y�c�o�v�e�r�e�d�w�i�t�h�l�e�a�t�h�e�r�,

�w�i�t�h�c�a�s�e�a�n�d�s�t�r�a�p �. �. �. �. �. �. �7�0�]�,
�A�c�h�r�o�m�a�t�i�c�R�a�c�e�G�l�a�s�s�,�m�o�u�n�t�i�n�g�s�t�h�e�s�a�m�e�a�s �a�b�o�v�e�,

�w�i�t�h�a�d�j�u�s�t�i�n�g�c�e�n�t�r�e�t�o �c�h�a�n�g�e�t�h�e�a�x�i�s�o�f �t�h�e�l�e�n�s�e�s�t�o

�s�u�i�t�t�h�e�w�i�d�t�h�o�f �d�i�f�f�e�r�e�n�t�e�y�e�s�,�w�i�t�h�c�a�s�e�a�n�d�s�t�r�a�p�,�7�5�/�,
�T�w�e�l�v�e�-�L�e�n�s�e�A�c�h�r�o�m�a�t�i�c�R�a�c�e�G�l�a�s�s�(�h�a�v�i�n�g�t�r�i�p�l�e�e�y�e

�p�i�e�c�e�s�a�n�d�o�b�j�e�c�t�l�e�n�s�e�s�)�,�v�e�r�y�p�o�w�e�r�f�u�l�,�w�i�t�h�g�r�e�a�tû��e�l�d�o�f

�v�i�e�w�,�w�i�t�h�e�a�s�e�a�n�d�s�t�r�a�p

�4�1�0

�E�a�c�h�.
�£�0�.

�N�;

�1�0

�5 �1�0
�1�0

�1�0

�1�0�'�i�n

�d�.

�O

�O

�X�:



�S�C�I�E�N�T�I�F�I�C�I�N�S�T�R�U�M�E�N�T�S�M�A�N�U�F�A�C�T�U�R�E�D�B�Y�i�N�E�G�R�E�T�T�I�8�: �Z�A�M�B�R�A�,

�E�a�c�h�. �E�a�c�h�.
�:�6 �a�. �d�. �1�: �s�. �d�.

�1�1�2�6�A�c�h�r�o�m�a�t�i�c�R�a�c�e�G�l�a�s�s�,�w�i�t�h�s�e�l�f�-�a�d�j�u�s�t�i�n�g�s�u�n�s�h�a�d�e�s�,
�w�i�t�h�c�a�s�e�a�n�d�s�t�r�a�p �. �. �. �. �. �. �. �5 �1�0 �0

�1�1�2�7�B�i�n�o�c�u�l�a�r�A�c�h�r�o�m�a�t�i�c�D�e�e�r�S�t�a�l�k�i�n�g�G�l�a�s�s�,�w�i�t�h�d�o�u�b�l�e
�a�d�j�u�s�t�i�n�g�t�u�b�e�s�,�g�i�v�i�n�g�g�r�e�a�t�a�d�d�i�t�i�o�n�a�l�p�o�w�e�r�a�n�d�r�a�n�g�e �6 �1�0 �0

�T�H�E�F�I�E�L�D�G�L�A�S�S�.

�1�1�2�8�W�i�t�h�o�u�t�t�h�e�b�u�l�k�a�n�d�w�e�i�g�h�t�o�f �a �l�a�r�g�e�r�a�c�e�g�l�a�s�s�,�t�h�e
�F�i�e�l�d�G�l�a�s�s�w�i�l�l�b�e�f�o�u�n�d�i�n�v�a�l�u�a�b�l�e�,�i�t�s �s�m�a�l�l�s�i�z�e�a�d�m�i�t�s
�t�h�e�i�r�b�e�i�n�g�c�a�r�r�i�e�d�b�y�l�a�d�i�e�s�o�r �g�e�n�t�l�e�m�e�n�w�h�e�r�e�l�a�r�g�e�r
�i�n�s�t�r�u�m�e�n�t�s�w�o�u�l�d�b�e�i�n�c�o�n�v�e�n�i�e�n�t�a�n�d�a�n�n�o�y�i�n�g�.�E�q�u�a�l�l�y
�a�d�a�p�t�e�d�f�o�r �l�a�n�d�o�r �s�e�a�,�t�h�e�o�p�e�r�a�,�p�i�c�t�u�r�e�g�a�l�l�e�r�y�,�o�r
�p�u�b�l�i�c�m�e�e�t�i�n�g�.�B�y�a�n�a�c�h�r�o�m�a�t�i�c�a�r�r�a�n�g�e�m�e�n�t�o�f �1�2
�l�e�n�s�e�s�,�t�h�e �h�i�g�h�e�s�t�m�a�g�n�i�f�y�i�n�g�p�o�w�e�r�i�s �o�b�t�a�i�n�e�d�w�i�t�h
�t�h�e�u�t�m�o�s�t�e�c�o�n�o�m�y�o�f�s�p�a�c�e�. �. �. �. �. �.

�F�i�e�l�d�G�l�a�s�s�i�n �b�r�o�n�z�e�d�m�e�t�a�l�m�o�u�n�t�i�n�g�,�a�n�d�t�h�e�b�o�d�y
�c�o�v�e�r�e�d�w�i�t�h�l�e�a�t�h�e�r�,�w�i�t�h�c�o�n�v�e�n�i�e�n�t�p�o�c�k�e�t�c�a�s�e�. �. �3 �0 �0 �3 �1�0 �0

�1�1�2�9�D�i�t�t�o �d�i�t�t�o�,�w�i�t�h�s�u�n�s�h�a�d�e�. �. �. �. �. �. �4 �0 �0

�N�A�V�A�L�,�M�I�L�I�T�A�R�Y�,�C�A�P�T�A�I�N�S�,�O�R�P�I�L�O�T�S ��B�I�N�O�C�U�L�A�R�N�I�G�H�T
�G�L�A�S�S�E�S�.

�F�1�0�.�1�1�3�0�*�. �F�1�0�.�1�1�3�2�.

�M�i�n�u�t�e�m�a�n ��v�"

�I � �m�1 � �I

� � 

�T�h�e�s�e�i�n�s�t�r�u�m�e�n�t�s�h�a�v�i�n�g�b�e�e�n�b�r�o�u�g�h�t�t�o�v�e�r�y�h�i�g�h�p�e�r�f�e�c�t�i�o�n�,�a�r�e�n�o�w�u�n�i�v�e�r�s�a�l�l�y
�u�s�e�d�a�s�l�o�o�k�-�o�u�t�g�l�a�s�s�e�s�i�n �t�h�e�n�a�v�y�a�n�d�m�e�r�c�h�a�n�t�s�e�r�v�i�c�e�,�a�l�s�o�b�y�m�i�l�i�t�a�r�y�oû��i�c�e�r�s�f�o�r
�r�e�c�o�n�n�o�i�t�e�r�i�n�g�,�&�c�.� 

�L�i�n�e�s �1�9 �2�1 �2�4 �2�6
�D�i�a�m�e�t�e�r�o�f �O�b�j�e�c�t�L�e�n�s�e�s�{ �I�n�c�h � �u �H �u �Q�I�L�I�M�L

�1�1�3�0�A�c�h�r�o�m�a�t�i�c�N�i�g�h�t�o�r �R�e�c�o�n
�n�o�i�t�e�r�i�n�g�G�l�a�s�s�i�n �j�a�p�a�n�n�e�d
�m�e�t�a�l�m�o�u�n�t�i�n�g�s�,�w�i�t�h�s�t�o�u�t
�l�e�a�t�h�e�r�c�a�s�e�a�n�d�s�l�i�n�g�s�t�r�a�p
�(û��g�s�.�1�1�3�0�a�n�d�1�1�3�0�*�)�. �. �4�2�/ �5�0�/ �6�3�/ �6�3�/ �7�0�/ �8�0�] �1�0�5�/

�1�1�3�1�D�i�t�t�o �d�i�t�t�o�,�b�o�d�y�c�o�v�e�r�e�d�w�i�t�h
�l�e�a�t�h�e�r�,�j�a�p�a�n�n�e�d�o�r �b�r�o�n�z�e�d
�m�e�t�a�l�m�o�u�n�t�i�n�g�s�o�f �s�u�p�e�r�i�o�r
�q�u�a�l�i�t�y�,�w�i�t�h�s�l�i�n�g�c�a�s�e�. �. �6�5�/ �8�0�/ �9�0�/ �1�1�0�/

� 

� � � � 

� � 



�1�0�1�,�H�O�L�B�O�R�N�H�I�L�L�,�1�, �H�A�T�T�O�N�G�A�R�D�E�N�,�m�5�9�, �C�O�R�N�H�I�L�L�,�L�O�N�D�O�N�.�1�0�1

�E�a�c�h�. �E�l�c�h�.

�s �a�. �d�. �1�: �1�. �d�.
�1�1�3�2�A�c�h�r�o�m�a�t�i�c�N�i�g�h�t�o�r �R�e�c�o�n�n�o�i�t�e�r�i�n�g�G�l�a�s�s�,�w�i�t�h

�j�o�i�n�t�e�d�c�e�n�t�r�e�t�o �a�d�j�u�s�t�t�h�e�e�y�e�p�i�e�c�e�s�t�o �t�h�e�w�i�d�t�h
�b�e�t�w�e�e�n�t�h�e�e�y�e�s�,�l�e�n�s�e�s�a�n�d�m�o�u�n�t�i�n�g�s�o�f�t�h�e�v�e�r�y�b�e�s�t
�q�u�a�l�i�t�y�,�w�i�t�h�s�l�i�n�g�c�a�s�e�(û��g�.�1�1�3�2�) �. �. �. �8�0�/�, �5 �5 �0 �5 �1�0 �0

�N�.�A�;�Z�.�s�t�r�o�n�g�l�y�r�e�c�o�m�m�e�n�d�t�h�i�s�i�n�s�t�r�u�m�e�n�t�f�o�r�g�e�n�e�r�a�l�s�e�r�v�i�c�e�.

�1�1�3�3�A�c�h�r�o�m�a�t�i�c�N�i�g�h�t�o�r �R�e�c�o�n�n�o�i�t�e�r�i�n�g�G�l�a�s�s�,�w�i�t�h
�t�r�i�p�l�e�e�y�e�p�i�e�c�e�s�a�n�d�o�b�j�e�c�t�l�e�n�s�e�s�,�m�a�k�i�n�g�a�c�o�m�b�i�n�a�t�i�o�n
�o�f �1�2 �l�e�n�s�e�s�i�n �t�h�e�i�n�s�t�r�u�m�e�n�t�,�g�i�v�i�n�g�v�e�r�y�h�i�g�h�m�a�g
�n�i�f�y�i�n�g�p�o�w�e�r�,�c�o�m�b�i�n�e�d�w�i�t�h�e�x�t�e�n�d�e�dû��e�l�d�a�n�d�r�a�n�g�e�;
�i�n�j�a�p�a�n�n�e�d�m�e�t�a�l�m�o�u�n�t�i�n�g�s�,�w�i�t�h�s�l�i�n�g�c�a�s�e�. �. �.

�1�1�3�4�D�i�t�t�o �d�i�t�t�o �b�o�d�y�c�o�v�e�r�e�d�w�i�t�h�l�e�a�t�h�e�r�,�a�n�d�b�r�o�n�z�e�d
�m�e�t�a�l�m�o�u�n�t�i�n�g�s�w�i�t�h�s�l�i�n�g�c�a�s�e �. �. �. �. �.

�1�1�3�5�A�c�h�r�o�m�a�t�i�c�N�i�g�h�t�o�r �R�e�c�o�n�n�o�i�t�e�r�i�n�g�G�l�a�s�s�,�w�i�t�h
�d�o�u�b�l�e �t�u�b�e�s�,�g�i�v�i�n�g�e�x�t�e�n�d�e�d�r�a�n�g�e�a�n�d
û��e�l�d�;�a�s�u�p�e�r�i�o�r�a�n�d�p�o�w�e�r�f�u�l�i�n�s�t�r�u�m�e�n�t�,�w�i�t�h�s�l�i�n�g�c�a�s�e�6 �1�0 �0 �8 �8 �0

�0�1 �C�h �0 �5�1�0�0

�1�0�0 �6�1�0�0�C�I

�M�I�C�R�O�S�C�O�P�E�S�.
�S�I�N�G�L�E�A�N�D�C�O�M�P�O�U�N�D�M�I�C�R�O�S�C�O�P�E�S�.

�F�1�0�.�1�1�4�2�.

� � 

� 
� 

� 

� � 



�1�0�2�S�C�I�E�N�T�I�F�I�C�I�N�S�T�R�U�M�E�N�T�S�M�A�N�U�F�A�C�T�U�R�E�D�B�Y�N�E�G�R�E�T�T�I�&�Z�A�M�B�R�A�,

�1�1�3�6

�1�1�3�8

�1�1�3�9

�1�1�4�0

�1�1�4�]

�1�1�4�2

�1�1�4�3

� � 

�S�i�n�g�l�e�B�o�t�a�n�i�c�o�r �D�i�s�s�e�c�t�i�n�g�M�i�c�r�o�s�c�o�p�e�s�,�i�n �a �v�a�r�i�e�t�y
�o�f �f�o�r�m�s�,�w�i�t�h�p�i�l�l�a�r�t�o �s�c�r�e�w�i�n�t�o�t�h�e�t�o�p�o�f �t�h�e�b�o�x
�c�o�n�t�a�i�n�i�n�g�t�h�e�w�h�o�l�e�a�p�p�a�r�a�t�u�s �. �1�1�/�6�1�6�]

�C�o�m�p�o�u�n�d�M�i�c�r�o�s�c�o�p�e�,�w�i�t�h�s�l�i�d�i�n�g�t�u�b�e�a�d�j�u�s�t�m�e�n�t�,
�m�i�r�r�o�r�,�e�y�e�-�p�i�e�c�e�a�n�d�m�a�g�n�i�f�y�i�n�g�p�o�w�e�r�,�f�o�r�c�e�p�s�,�a�n�d
�o�n�e�m�i�c�r�o�s�c�o�p�i�c�o�b�j�e�c�t�,�i�n �a �m�a�h�o�g�a�n�y�b�o�x �. �. �.

�C�o�m�p�o�u�n�d�M�i�c�r�o�s�c�o�p�e�w�i�t�h�t�h�r�e�e�m�a�g�n�i�f�y�i�n�g�p�o�w�e�r�s�a�n�d
�t�w�o�o�b�j�e�c�t�s�a�n�d�s�t�a�g�e�g�l�a�s�s�f�o�r �h�o�l�d�i�n�g�w�a�t�e�r�,�&�c�.
�(û��g�.�1�1�3�8�) �. �. �. �. �. �. �. �. �.

�C�o�m�p�o�u�n�d�M�i�c�r�o�s�c�o�p�e�w�i�t�h�t�h�r�e�e�m�a�g�n�i�f�y�i�n�g�p�o�w�e�r�s�,�a
�m�o�u�n�t�e�d�l�e�n�s�f�o�r �c�o�n�d�e�n�s�i�n�g�t�h�e �l�i�g�h�t �o�n�a�n�o�p�a�q�u�e
�o�b�j�e�c�t�,�a�n�d�a�p�p�a�r�a�t�u�s�i�n �m�a�h�o�g�a�n�y�b�o�x�(û��g�.�1�1�3�9�)

�L�a�r�g�e�r�C�o�m�p�o�u�n�d�M�i�c�r�o�s�c�o�p�e�s�o�f �t�h�e�a�b�o�v�e�f�o�r�m�.
�G�o�u�l�d ��s�C�o�m�p�o�u�n�d�.�M�i�c�r�o�s�c�o�p�e�,�i�n �c�a�s�e�,�w�i�t�h�a�p�p�a�r�a�t�u�s�,

�c�o�m�p�l�e�t�e �. �. �. �.

�I�m�p�r�o�v�e�d�G�o�u�l�d ��s�M�i�c�r�o�s�c�o�p�e�,�i�n �c�a�s�e�,�w�i�t�h�o�b�j�e�c�t�s�,
�a�p�p�a�r�a�t�u�s�,�&�c�.�c�o�m�p�l�e�t�e�(û��g�.�1�1�4�2�) �. �. �. �.

�L�a�r�g�e�I�m�p�r�o�v�e�d�M�a�r�t�i�n ��s�C�o�m�p�o�u�n�d�M�i�c�r�o�s�c�o�p�e�,�w�i�t�h
�r�a�c�k�-�w�o�r�k�a�d�j�u�s�t�m�e�n�t�,�m�i�r�r�o�r�,�s�i�x�p�o�w�e�r�s�,�o�b�j�e�c�t�s�,�f�o�r�c�e�p�s�,

�w�a�t�e�r�t�r�o�u�g�h�,�i�n�s�e�c�t�b�o�x�.�8�1�0�.�.

�A�C�H�R�O�M�A�T�I�C�M�I�C�R�O�S�C�O�P�E�S�.

�F�1�0�.�1�1�4�7�.

�F�1�0�.�1�1�4�5�.
� � 

�' �e�n�n�u�i�-�1�1�' �

�E�a�c�h�.
�.�6 �a�. �d�.

�0�1�7�0

�1�1�8�0

�2�1�0�0

�E�a�c�h�.

�5�|�.

�1�1�0

�3�1�0

� � 

�d�.



�1�0�1�,�H�O�L�B�O�R�N�H�I�L�L�,�1�, �H�A�T�T�O�N�G�A�R�D�E�N�,�1�N�D�5�9�, �C�O�R�N�H�I�L�L�,�L�O�N�D�O�N�.�1�0�3

�T�h�e�M�i�c�r�o�s�c�o�p�e�h�a�s�,�b�y�t�h�e�a�p�p�l�i�c�a�t�i�o�n�o�f �a�c�h�r�o�m�a�t�i�c�l�e�n�s�e�s�,�b�e�c�o�m�e�a �s�t�a�n�d�a�r�d
�i�n�s�t�r�u�m�e�n�t�f�o�r �i�n�v�e�s�t�i�g�a�t�i�o�n�;�t�h�a�t�i�t �i�s �d�e�s�e�r�v�e�d�l�y�s�o�, �t�h�e�r�e�s�u�l�t�s�o�b�t�a�i�n�e�d�b�y�i�t �i�n

�s�c�i�e�n�c�e�a�n�d�u�s�e�f�u�l�a�r�t�s�,�a�n�d�t�h�e�d�a�i�l�y�i�n�c�r�e�a�s�i�n�g�d�i�s�c�o�v�e�r�i�e�s�i�n �t�h�e�a�n�i�m�a�l�a�n�d�v�e�g�e�t�a�b�l�e
�w�o�r�l�d�f�u�l�l�y�c�o�nû��r�m�.

�1�1�4�4�A�c�h�r�o�m�a�t�i�c�M�i�c�r�o�s�c�o�p�e�s�0�n �u�p�r�i�g�h�t�p�i�l�l�a�r �a�n�dû��r�m
�c�i�r�c�u�l�a�r�s�t�a�n�d�,�w�i�t�h�p�l�a�i�n�s�l�i�d�i�n�g�b�o�d�y�a�n�dû��n�e�a�d�j�u�s�t
�m�e�n�t�,�2 �a�c�h�r�o�m�a�t�i�c�p�o�w�e�r�s�;�i�n �m�a�h�o�g�a�n�y�b�o�x �.

�1�1�4�5�A�c�h�r�o�m�a�t�i�c�M�i�c�r�o�s�c�o�p�e�,�w�i�t�h�r�a�c�k�w�o�r�k�a�d�j�u�s�t�m�e�n�t�t�o
�b�o�d�y�,�w�i�t�h�t�w�o�a�c�h�r�o�m�a�t�i�c�p�o�w�e�r�s�,�i�n �m�a�h�o�g�a�n�y�b�o�x
�(û��g�.�l�l�4�5�)�. �. �. �. �. �. �. �.�.

�1�1�4�6�A�c�b�r�o�m�a�t�i�c�M�i�c�r�o�s�c�o�p�e�,�w�i�t�h�j�o�i�n�t�e�d�p�i�l�l�a�r�a�n�d�t�r�i�p�o�d
�f�o�o�t�,�p�l�a�i�n�s�l�i�d�i�n�g�b�o�d�y�a�n�dû��n�e�a�d�j�u�s�t�m�e�n�t�,�d�i�a�p�r�a�g�h�m
�p�l�a�t�e�o�n�s�t�a�g�e�,�3�a�c�h�r�o�m�a�t�i�c�p�o�w�e�r�s�,�b�r�a�s�s�f�o�r�c�e�p�s�,�o�b�j�e�c�t�s�,
�s�t�a�g�e�g�l�a�s�s�e�s�; �i�n �m�a�h�o�g�a�n�y�b�o�x �. �. �. �. �.

�1�1�4�7�A�c�h�r�o�m�a�t�i�c�M�i�c�r�o�s�c�o�p�e�,�w�i�t�h�j�o�i�n�t�e�d�p�i�l�l�a�r�, �a�n�dû��r�m
�c�i�r�c�u�l�a�r�f�o�o�t�,�r�a�c�k�w�o�r�k�a�d�j�u�s�t�m�e�n�t�t�o �t�h�e�b�o�d�y�,�s�l�i�d�i�n�g
�c�l�a�m�p�f�o�r�o�b�j�e�c�t�s�o�n�t�h�e�s�t�a�g�e�,�w�i�t�h�a �s�e�t�o�f�a�c�h�r�o�m�a�t�i�c
�l�e�n�s�e�s�,�b�r�a�s�s�f�o�r�c�e�p�s�,�8�w�.�; �i�n �m�a�h�o�g�a�n�y�c�a�s�e�(û��g�.�1�1�4�7�)�.

�E�a�c�h�.

�£�a�. �d�.

�F�m�.�1�1�5�3�.

�F�1�0�.�1�1�4�8
� � 

�1�1�4�8�N�e�g�r�e�t�t�i�a�n�d�Z�a�m�b�r�a�s ��N�o�.�1 �S�t�u�d�e�n�t�s ��M�i�c�r�o�s�c�o�p�e�,�o�n
û��r�m�t�r�i�p�o�d�s�t�a�n�d�,�w�i�t�h�t�r�u�n�i�o�n�j�o�i�n�t�t�o�i�n�c�l�i�n�e�t�h�e�i�n�s�t�r�u
�m�e�n�t�a�t �a�n�y�a�n�g�l�e�,�q�u�i�c�k�a�n�d�s�l�o�w�a�d�j�u�s�t�m�e�n�t�s�-�t�o �t�h�e
�b�o�d�y�,�s�l�i�d�i�n�g�h�o�l�d�e�r�a�n�d�d�i�a�p�h�r�a�g�m�p�l�a�t�e�o�n�t�h�e�s�t�a�g�e�,
�b�r�a�s�s�f�o�r�c�e�p�s�,�s�t�a�n�d�c�o�n�d�e�n�s�e�r�,�a�n�d�s�e�t �o�f �a�c�h�r�o�m�a�t�i�c
�p�o�w�e�r�s�,�i�n �b�r�a�s�s�b�o�x�;û��t�t�e�d�i�n �m�a�h�o�g�a�n�y�c�a�b�i�n�e�t�w�i�t�h
�l�o�c�k�a�n�d�k�e�y�(û��g�.�1�1�4�8�)

�£
�E�a�c�h�.

�s�.

� � 

�d�.



�1�0�4 �S�C�I�E�N�T�I�F�I�C�I�N�S�T�R�U�M�E�N�T�S�M�A�N�U�F�A�C�T�U�R�E�D�s�r�N�E�G�R�E�T�T�I�&�z�m�s�n�a�,

�1�1�4�9

�1�1�5�0

�1�1�5�1

�N�e�g�r�e�t�t�i�a�n�d�Z�a�m�b�r�a ��s�N�o�.�2�S�t�u�d�e�n�t�s ��M�i�c�r�o�s�c�o�p�e�,�o�f
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�p�i�e�c�e�s�,�m�e�c�h�a�n�i�c�a�l�s�t�a�g�e�h�a�v�i�n�g�a�d�j�u�s�t�m�e�n�t�s�i�n �t�w�o
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�1�2�3�6�S�t�a�n�h�o�p�e�L�e�n�s�e�s�,�i�n �G�e�r�m�a�n�s�i�l�v�e�r�m�o�u�n�t�i�n�g�s�(û��g�s�.�1�2�3�6
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�1�2�3�7�D�i�t�t�o �d�i�t�t�o�,�i�n �s�i�l�v�e�r�d�i�t�t�o
�T�h�i�s�p�o�w�e�r�i�'�u�l�u�n�d�c�o�n�v�e�n�i�e�n�t�l�e�n�s�i�s �t�h�e�i�n�v�e�n�t�i�o�n�o�f �L�o�r�d�S�t�a�n�h�o�p�e�.�T�h�e

�p�o�r�t�a�b�i�l�i�t�y�,�1�0�'�p�r�i�c�e�,�a�n�d�t�h�e�f�a�c�i�l�i�t�y�w�i�t�h�w�h�i�c�h�i�t �c�a�n�b�e�u�s�e�d�,�r�e�c�o�m
�m�e�n�d�i�t �s�t�r�o�n�g�l�y�.�W�i�t�h�i�t �m�a�y�b�e�s�e�e�n�t�h�e�a�n�l�m�n�l�c�u�l�m�i�n �w�a�t�e�r�,�t�o�l�s

�1�n �p�a�s�t�e�a�n�d�v�i�n�e�g�a�r�,�f�a�r�i�n�a�o�f û��o�w�e�r�s�,�t�h�e�d�o�w�n�o�f �m�o�t�h�s�,�k�m�;

�a�n�d�i�f �1�1 �d�r�o�p�o�f �s�o�l�u�t�i�o�n�o�f �s�a�l�t �b�e �s�p�r�e�a�d�l�i�g�h�t�l�y�o�v�e�r�t�h�e�e�n�d�o�f
�t�h�e�l�e�n�s�,�a�n�d�v�i�e�w�e�d�w�i�t�h�o�u�t�d�e�l�a�y�,�t�h�e�f�o�r�m�a�t�i�o�n�o�f �a�y�s�t�a�l�s�w�i�l�l �b�e

�b�e�s�u�t�l�i�h�l�l�y�s�e�e�n�.

�1�2�3�8�S�t�a�n�h�o�p�e�L�e�n�s�,�m�o�u�n�t�e�d�w�i�t�h�s�h�a�d�e�f�o�r�t�h�e�e�y�e�,�a�n�d�t�u�b�e
�f�o�r �i�m�p�r�o�v�i�n�g�t�h�e �d�eû��n�i�t�i�o�n�,�m�a�g�n�i�f�y�i�n�g�p�o�w�e�r�1�8�0

�d�i�a�m�e�t�e�r�s �. �. �. �. �. �. �. �.
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�1�2�4�2�P�o�c�k�e�t�M�a�g�n�iû��e�r�,�w�i�t�h�t�w�o�p�l�a�n�o�-�c�o�n�v�e�x�l�e�n�s�e�s�,�d�i�a

�p�h�r�a�g�m�,�a�n�d�a �S�t�a�n�h�o�p�e�o�r�C�o�d�d�i�n�g�t�o�n�l�e�n�s�,�i�n �t�o�r�t�o�i�s�e
�s�h�e�l�l�m�o�u�n�t�i�n�g�s�. �. �. �. �. �. �.�1�2�/�6 �0�1�6�6 �1 �5 �0
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�1�2�5�0�P�r�i�s�m�C�o�m�p�o�u�n�d�o�fû��i�n�t�,�c�r�o�w�n�a�n�d�p�l�a�t�e�g�l�a�s�s �. �. �0�1�5�0 �1 �0 �0
�1�2�5�1�H�o�l�l�o�w�G�l�a�s�s�P�r�i�s�m�,�f�o�r �e�x�p�e�r�i�m�e�n�t�s�o�n�t�h�e�r�e�f�r�a�c�t�i�o�n
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�c�o�m�p�o�s�i�t�i�o�n�o�f�w�h�i�t�e�l�i�g�h�t�f�r�o�m�c�o�l�o�u�r�s �. �. �. �0 �1�0 �6
�1�2�5�4�*�D�r�.�G�o�r�h�a�m ��s�K�a�l�e�i�d�o�s�c�o�p�i�c�C�o�l�o�u�r�T�o�p�,�w�i�t�h�p�e�r�f�o�r�a�t�e�d

�d�i�s�c�s�a�n�d�c�o�l�o�u�r�e�d�d�i�a�g�r�a�m�s�,�c�o�m�p�l�e�t�e�; �i�n �b�o�x �1 �1 �0
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�1�2�9�5�E�y�e�P�r�o�t�e�c�t�o�r�s�,�w�i�t�h�n�e�u�t�r�a�l�t�i�n�t �o�r �s�m�o�k�e�-�c�o�l�o�u�r�e�d

�g�l�a�s�s�e�s�,�o�f�t�h�e�v�e�r�y�b�e�s�t�q�u�a�l�i�t�y�,�p�a�r�t�i�c�u�l�a�r�l�y�a�d�a�p�t�e�d�f�o�r
�t�r�a�v�e�l�l�e�r�s�b�y�t�h�e�O�v�e�r�l�a�n�d�R�o�u�t�e�,�I�n�d�i�a�,�A�u�s�t�r�a�l�i�a�,�8�w�.�. �0 �l�2 �0 �0 �1�5 �0

�1�2�9�6�B�e�s�t�d�o�u�b�l�e�-�j�o�i�n�t�e�d�h�o�r�s�e�-�s�h�o�e�f�o�r�m�S�p�e�c�t�a�c�l�e�s�,�a�n�d
�t�u�r�n�-�d�o�w�n�s�i�d�e�s�,�w�i�t�h�g�r�e�e�n�b�l�u�e�,�g�r�e�y�,�n�e�u�t�r�a�l�t�i�n�t �o�r
�w�h�i�t�e�g�l�a�s�s�e�s�(û��g�.�1�2�9�6�) �. �. �. �. �. �8�]�, �0 �l�2 �0 �l �4 �0

�1�2�9�7�D�i�t�t�o �d�i�t�t�o �s�i�n�g�l�e�-�j�o�i�n�t�e�d�. �. �. �. �7�/�6�, �0 �9 �6 �l �l �0
�1�2�9�8�D�i�t�t�o �d�i�t�t�o �b�e�s�t�m�a�k�e�,�w�i�t�hû��n�e�w�i�r�e�g�a�u�z�e�,�e�i�t�h�e�r

û��a�t�o�r�c�u�p�-�s�h�a�p�e�d�e�y�e�s�. �. �. �. �. �. �1�5�/�, �1 �l �0 �1 �1�0 �0
�1�2�9�9�B�l�u�e�S�t�e�e�l�S�p�e�c�t�a�c�l�e�s�,�w�i�t�h�s�i�n�g�l�e�o�r �t�u�r�n�-�o�v�e�r�s�i�d�e�s�,�o�f

�t�h�e�o�r�d�i�n�a�r�y�s�h�a�p�e�,�m�o�u�n�t�e�d�w�i�t�h�n�e�u�t�r�a�l�t�i�n�t�, �g�r�e�y�o�r
�s�m�o�k�e�-�c�o�l�o�u�r�e�d�g�l�a�s�s�e�s�,�f�o�r �p�r�o�t�e�c�t�i�n�g�t�h�e �e�y�e�s�f�r�o�m
�e�x�c�e�s�s�i�v�e�g�l�a�r�e�o�f�s�u�n�s�h�i�n�e�,�s�n�o�w�,�&�c�.�,�a�n�d�w�h�e�n�m�o�u�n�t�e�d
�w�i�t�h�a �p�e�c�u�l�i�a�r�n�e�u�t�r�a�l�t�i�n�t�e�d�g�l�a�s�s�,�f�o�r �c�o�r�r�e�c�t�i�n�g�t�h�e
�u�n�p�l�e�a�s�a�n�t�e�f�f�e�c�t�s�o�f �s�t�r�o�n�g�g�a�s�l�i�g�h�t �. �. �. �4�/�, �0

�1�3�0�0�C�a�t�a�r�a�c�t�S�p�e�c�t�a�c�l�e�s�,�i�n �v�a�r�i�o�u�s�m�o�u�n�t�i�n�g�s
�. �, �1

�h �O �0 �C�2 �C�5



�S�C�I�E�N�T�I�F�I�C�I�N�S�T�R�U�M�E�N�T�S�M�A�N�U�F�A�C�T�U�R�E�D�B�Y�N�E�G�R�E�T�T�I�&�Z�A�M�B�R�A�,

�F�1�0�.�1�3�0�2�.
� � 

�F�1�0�.�1�3�0�2�*�.

�F�1�0�.�1�3�0�6�.� � 

�£�1�2�:�t�h�d�. �s�1�3�0�1�S�p�e�c�t�a�c�l�e�s�w�i�t�h�P�e�r�i�s�c�o�p�i�c�,�M�e�n�i�s�c�u�s�,�o�r �N�e�u�t�r�a�l�T�i�n�t�e�d
�l�e�n�s�e�s �. �. �. �. �.

�H�A�N�D�A�N�D�C�L�I�P�N�O�S�E�S�P�E�C�T�A�C�L�E�S�.
�1�3�0�2�F�o�l�d�i�n�g�H�a�n�d�S�p�e�c�t�a�c�l�e�s�,�t�o�w�e�a�r�r�o�u�n�d�t�h�e�n�e�c�k�(û��g�s�.�1�3�0�2�a�n�d�1�3�0�2�'�)�s�o�l�i�dû��n�e�g�o�l�d �. �. �I �. �2 �1�0 �0 �4

�1�3�0�3�D�i�t�t�o �d�i�t�t�o �p�l�a�t�e�d�a�n�d�e�l�e�c�t�r�o�-�g�i�l�t�. �l �1�0 �0 �2
�1�3�0�4�D�i�t�t�o �d�i�t�t�o �s�o�l�i�d�s�t�a�n�d�a�r�d�s�i�l�v�e�r �. �. �l �l �0 �2
�1�3�0�5�D�i�t�t�o �d�i�t�t�o �b�l�u�e�s�t�e�e�l�,�v�a�r�i�o�u�s�f�o�r�m�s �. �. �7�/�, �0 �9 �0 �0
�1�3�0�6�F�i�n�e�G�o�l�d�H�a�n�d�S�p�e�c�t�a�c�l�e�s�,�m�o�u�n�t�e�d�i�n �p�e�a�r�l�c�a�s�e�s

�(û��g�s�.�1�3�0�6�a�n�d�1�3�0�6�'�)�. �. �. �. �. �. �. �3 �3 �0 �6
�1�3�0�7�D�i�t�t�o �d�i�t�t�o �i�n �t�o�r�t�o�i�s�e�-�s�h�e�l�l�d�i�t�t �2 �1�0 �0 �5�1�3�0�8�S�o�l�i�d�S�i�l�v�e�r�H�a�n�d�S�p�e�c�t�a�c�l�e�s�i�n �p�e�a�r�l�c�a�s�e�s�- �l �1�0 �0 �2
�1�3�0�9�D�i�t�t�o �d�i�t�t�o�. �i�n �t�o�r�t�o�i�s�e�-�s�h�e�l�l�d�i�t�t�o�, �. �. �. �. �1 �l �0 �2
�1�3�1�0�S�o�l�i�d�T�o�r�t�o�i�s�e�-�s�h�e�l�l�H�a�n�d�F�o�l�d�e�r�s�,�w�i�t�hû��n�e�s�t�B�r�a�z�i�l

�p�e�b�b�l�e�s�. �. �. �. �. �. �. �. �. �0
�1�3�1�1�T�o�r�t�o�i�s�e�-�s�h�e�l�l�H�a�n�d�F�o�l�d�e�r�s�. �- �. �. �. �5�1�6�, �0 �6 �0 �0�1�3�1�2�B�u�f�f�a�l�o�H�o�r�n�d�i�t�t�o �. �. �. �o �2 �6 �0
�A�n�y�o�f�t�h�e�a�b�o�v�e�H�a�n�d�S�p�e�c�t�a�c�l�e�s�t�o �o�p�e�n

�a�v�a�r�i�e�t�y�k�e�p�t�i�n �s�t�o�c�k�.
�1�3�1�3�C�l�i�p�-�N�o�s�e�F�o�l�d�i�n�g�S�p�e�c�t�a�c�l�e�s�,�v�e�r�y�c�o�n�v�e�n�i�e�n�t�f�o�r �o�c

�c�a�s�i�o�n�a�l�u�s�e�,�o�v�a�l�o�r �r�o�u�n�d�s�h�a�p�e�s�,�w�i�t�h �v�a�r�i�o�u�s�l�y
�c�o�n�t�r�i�v�e�d�s�p�r�i�n�g�s�t�o �s�u�i�t�d�i�f�f�e�r�e�n�t�f�o�r�m�s�o�f �f�a�c�e

�1�3�1�4
�1�3�1�5
�1�3�1�6

�1�3�1�8
�1�3�1�9
�1�3�2�0

�1�3�2�1
�1�8�2�2
�1�3�2�3

�1�3�2�4

�S�o�l�i�d�G�o�l�d�C�l�i�p�-�N�o�s�e�F�o�l�d�i�n�g�S�p�e�c�t�a�c�l�e�s �. �4�0�/�,
�D�i�t�t�o �d�i�t�t�o �s�o�l�i�d�s�i�l�v�e�r�. �. �. �. �.
�D�i�t�t�o �d�i�t�t�o �g�o�l�d�p�l�a�t�e�d �. �. �. �2�5�/�,
�D�i�t�t�o �d�i�t�t�o �t�o�r�t�o�i�s�e�-�s�h�e�l�l�,�w�i�t�h�s�o�l�i�d�g�o�l�d�b�r�i�d�g�e
�D�i�t�t�o �d�i�t�t�o �d�i�t�t�o�,�w�i�t�h�b�l�u�e�s�t�e�e�l�b�r�i�d�g�e�.
�D�i�t�t�o �d�i�t�t�o �b�l�u�e�o�r�b�r�o�n�z�e�d�s�t�e�e�l �-
�D�i�t�t�o �d�i�t�t�o �t�o�r�t�o�i�s�e�-�s�h�e�l�l �8�!�,

�E�Y�E�G�L�A�S�S�E�S�.
�F�i�n�e�S�o�l�i�d�G�o�l�d�S�i�n�g�l�e�E�y�e�G�l�a�s�s�e�s �- �3�0�!�,
�S�o�l�i�d�S�t�a�n�d�a�r�d�S�i�l�v�e�r�d�i�t�t�o �. �. �. �. �. �.
�B�e�s�t�P�l�a�t�e�d�a�n�d�E�l�e�c�t�r�o�-�g�i�l�t�E�y�e�G�l�a�s�s�e�s�,�o�f �v�a�r�i�o�u�s

�f�o�r�m�s�,�a�sû��g�s�.�1�3�2�3�t�o �1�3�2�3 ��. �. �. �. �. �.
�E�y�e�G�l�a�s�s�e�s�,�i�n �b�l�u�e�o�r�b�r�o�n�z�e�d�s�t�e�e�l

�1�3�2�4 ��E�y�e�G�l�a�s�s�e�s�,�w�i�t�h�o�u�t�f�r�a�m�e �. �. �. �. �.

�2�1�0
�1�1
�1�1�0
�1�4
�0�1�2
�0�7
�0�1�0

�0 �o�n

�w�i�t�h�s�p�r�i�n�g�s�,�a�t �a�s�l�i�g�h�t�i�n�c�r�e�a�s�e�i�n
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�O�5�0
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�1�0

�1�5
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�1�8
�1�0
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�0�0�0�0

�0�0�0�0

�0�:�6�5�0
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�l�8
�1�2

�1�0

�1�6

�0�0�0�0�0�0�0

�0



�1�0�7�,�H�O�L�B�O�R�N�H�I�L�L�,�1�, �H�A�T�T�O�N�G�A�R�D�E�N�,�m�5�9�. �C�O�R�N�H�I�L�L�,�L�O�N�D�O�N�.�1�1�5

�F�1�0�5�.�1�3�2�3�T�o�1�3�2�3�*�.  � �F�1�0�.�1�8�2�9�.
� � 

�£�E�a�c�h�.�d
�@

�1�3�2�5�E�y�e�G�l�a�s�s�e�s�,�t�o�r�t�o�i�s�e�-�s�h�e�l�l �. �. �. �. �2�/�6�, �0 �5 �6
�1�3�2�6�D�i�t�t�o �d�i�t�t�o �b�u�f�f�a�l�o�h�o�r�n �. �. �. �. �. �. �0 �2 �6

�1�3�2�7�S�p�e�c�t�a�c�l�e�C�a�s�e�s �. �. �. �. �0 �0 �6
�1�3�2�8�D�i�t�t�o�,�i�n �v�a�r�i�o�u�s�o�r�n�a�m�e�n�t�a�l�m�o�u�n�t�i�n�g�s �. �. �. �0 �5 �0 �1�1�0�0

�1�3�2�9�O�v�a�l�a�n�d�R�o�u�n�d�R�e�a�d�i�n�g�G�l�a�s�s�e�s�,�i�n �h�o�r�n�c�a�s�e�s�(û��g�.
�1�3�2�9�) �. �. �. �. �. �. �.�2�/�6�, �0 �5 �0 �0 �6

�1�3�3�0�D�i�t�t�o �d�i�t�t�o �i�n �p�e�a�r�l�o�r�t�o�r�t�o�i�s�e�-�s�h�e�l�l�c�a�s�e�s �. �1 �l �0
�1�3�3�1�D�i�t�t�o �d�i�t�t�o �w�i�t�h�s�i�l�v�e�r�m�o�u�n�t�i�n�g�s�(û��g�.�1�3�3�1�)�. �. �1 �0 �O �2 �2 �0
�1�3�3�2�L�a�r�g�e�R�e�a�d�i�n�g�G�l�a�s�s�e�s�,�m�o�u�n�t�e�d�i�n �t�u�r�n�e�d�h�a�r�d�w�o�o�d

�h�a�n�d�l�e�s�. �. �. �. �. �. �. �. �.�7�/�6�,�0�1�0�6�0�1�5�0
�S�p�e�c�t�a�c�l�e�s�m�a�d�e�t�o �o�r�d�e�r�o�f�a�n�y�s�h�a�p�e�o�r�m�a�t�e�r�i�a�l�,�a�n�dû��t�t�e�d�w�i�t�h�l�e�n�s�e�s�w�o�r�k�e�d

�t�o�a�n�y�p�a�r�t�i�c�u�l�a�r�f�o�r�m�.�S�p�e�c�t�a�c�l�e�s�o�f�a�l�l �f�o�r�m�s�r�e�p�a�i�r�e�d�w�i�t�h�t�h�e�u�t�m�o�s�t�c�a�r�e�a�n�d�d�i�s�p�a�t�c�h�.
�P�e�b�b�l�e�s�a�l�t�e�r�e�d�t�o�s�u�i�t�t�h�e�s�i�g�h�t�.

� 

�T�E�L�E�S�C�O�P�E�S�.

�A�S�T�R�O�N�O�M�I�C�A�L�T�E�L�E�S�C�O�P�E�S�.

�F�m�.�1�3�3�3�.� � 

�1�3�3�3�A�c�h�r�o�m�a�t�i�c�,�A�s�t�r�o�n�o�m�i�c�a�l�a�n�d�T�e�r�r�e�s�t�r�i�a�l�T�e�l�e�s�c�o�p�e�s�,�w�i�t�h�b�o�d�y�o�f �b�r�a�s�s�,
�s�u�p�p�o�r�t�e�d�b�y�a�b�r�a�s�s�t�a�b�l�e�-�s�t�a�n�d�h�a�v�i�n�g�h�o�r�i�z�o�n�t�a�l�a�n�d�v�e�r�t�i�c�a�l�m�o�t�i�o�n�,�t�h�e�e�y�e
�p�i�e�c�e�t�u�b�e�w�o�r�k�e�d�b�y�r�s�c�k�a�n�d�p�i�n�i�o�n�,�a�n�d�t�h�e�w�h�o�l�e�i�n�s�t�r�u�m�e�n�t�e�n�c�l�o�s�e�d�i�n �a
�s�t�r�o�n�g�m�a�h�o�g�a�n�y�b�o�x�w�i�t�h�l�o�c�k�a�n�d�k�e�y�(û��g�.�1�3�3�3�)�: �

�D�l�a�m�e�t�e�r�o�f �T�c�r�r�e�s�t�r�l�a�l �C�e�l�e�s�t�i�a�l
�T�o�m�D�a�n�n�i�" �O�b�j�e�c�t�G�l�a�s�s�. �E�y�e�-�p�l�e�c�c�s�. �E�y�e�-�p�i�e�c�e�s�.

�2�4�-�i�n�. �h�i�t�-�i�n�. �1 �l �6 �0 �0
�3�0�-�i�n�. �1�Q�-�i�n�. �l �1 �8 �0 �0

�3�6�-�i�n�.�' �2�-�i�n�. �1 �1 �n �0 �o
�4�8�-�i�n�. �2�Q�-�i�n�. �' �1 �l �1�4 �0 �0

�1�3�3�4�T�h�e�a�b�o�v�e�w�i�t�h�r�a�c�k�m�o�t�i�o�n�a�n�dû��n�d�e�r�,�e�x�t�r�a �. �. �. �2 �2 �0 �3 �3 �0



�1�1�6 �S�C�I�E�N�T�I�F�I�C�I�N�S�T�R�U�M�E�N�T�S�M�A�N�U�F�A�C�T�U�R�E�D�B�Y�N�E�G�R�E�T�T�I�8�: �Z�A�M�B�R�A�,

�F�m�.�1�3�3�5�.

�1�3�3�5�A�c�h�r�o�m�a�t�i�c�A�s�t�r�o�n�o�m�i�c�a�l�T�e�l�e�s�c�o�p�e�,�o�n�h�a�n�d�s�o�m�e�b�r�a�s�s
�t�a�b�l�e�s�t�a�n�d�,�w�i�t�h�r�a�c�k�w�o�r�k�a�d�j�u�s�t�m�e�n�t�s�t�o �t�e�l�e�s�c�o�p�e�,�a�n�d
�s�t�e�a�d�y�i�n�g�r�o�d�, �a�c�h�r�o�m�a�t�i�cû��n�d�e�r�,�o�b�j�e�c�t�g�l�a�s�s�,�3�}�-�i�n�.
�d�i�a�m�e�t�e�r�,�1 �t�e�r�r�e�s�t�r�i�a�l�a�n�d�t�h�r�e�e�a�s�t�r�o�n�o�m�i�c�a�l�p�o�w�e�r�s�,�i�n

�s�t�o�u�t�m�a�h�o�g�a�n�y�b�o�x�(û��g�.�1�3�3�5�)

�1�3�3�5�'�A�c�h�r�o�m�a�t�i�c�A�s�t�r�o�n�o�m�i�c�a�l�T�e�l�e�s�c�o�p�e�,�t�h�e�s�a�m�e�a�s�N�o�.
�1�3�3�5�,�w�i�t�h�t�a�n�g�e�n�t�s�c�r�e�w�,�a�n�d�H�o�o�k ��s�u�n�i�v�e�r�s�a�l�j�o�i�n�t
�f�o�r�h�o�r�i�z�o�a�n�a�d�j�u�s�t�m�e�n�t�. �. �.

�£
�E�a�c�h�.

�0�. �d�.

�.�3�0�0�0

�E�a�c�h�.
�£�s�.

�2�5�0

�3�6�0

�d�.

�0

�0

�1�3�3�6�A�c�h�r�o�m�a�t�i�c�A�s�t�r�o�n�o�m�i�c�a�l�T�e�l�e�s�c�o�p�e�s�,�t�h�e�b�o�d�y�o�f �b�r�a�s�s�w�i�t�h�r�a�c�k�a�n�d�p�i�n�i�o�n
�a�d�j�u�s�t�m�e�n�t�s�,�m�o�u�n�t�e�d�o�n�a �s�t�a�n�d�o�f �w�o�o�d�w�i�t�h�t�h�r�e�e�d�o�u�b�l�e�l�e�g�s�a�n�d�b�r�a�s�s
û��t�t�e�d�a�d�j�u�s�t�m�e�n�t�s�t�o �c�e�n�t�r�e�,�s�o�a�s�t�o �g�i�v�e�h�o�r�i�z�o�n�t�a�l�a�n�d�v�e�r�t�i�c�a�l�m�o�v�e�m�e�n�t�s�;
�t�h�e�t�e�l�e�s�c�o�p�e�c�a�p�a�b�l�e�o�f �b�e�i�n�g�r�a�i�s�e�d�o�r �l�o�w�e�r�e�d�,�a�n�d�s�o �a�r�r�a�n�g�e�d�t�h�a�t�t�h�e

�o�b�s�e�r�v�e�r�m�a�y�e�i�t�h�e�r�s�i�t �o�r �s�t�a�n�d�;�t�h�e�b�o�d�y�o�f �t�h�e �t�e�l�e�s�c�o�p�e�a�n�d�e�y�e�-�p�i�e�c�e�s
û��t�t�e�d�i�n�t�o�a�m�a�h�o�g�a�n�y�b�o�x�,�w�i�t�h�l�o�c�k�a�n�d�k�e�y�: �

�\

�T�e�r�r�e�s�t�r�i�a�l�L�l�!�t�h�o�f�B�o�d�y�' �g�i�n�m�e�t�e�r�o�f �C ��e�l�e�s�t�i�a�l
�j�e�c�t�G�l�a�s�s�. �E�y�e�-�p�1�m�_ �E�,û��p�l�m

�6�0�-�i�n�. �3�-�i�n�.�_ �1 �1
�6�6�-�i�n�. �3�%�-�i�n�_ �1 �l
�6�6�-�i�n�. �3�r�} �-�i�n�. �2 �2

�1�3�3�7�A�c�h�r�o�m�a�t�i�c�A�s�t�r�o�n�o�m�i�c�a�l�T�e�l�e�s�c�o�p�e�,�4�Q�-�i�n�o�b�j�e�c�t�-�g�l�a�s�s�,
�5�-�t�t�.�f�o�c�u�s�,�w�i�t�h�t�h�r�e�e�t�e�r�r�e�s�t�r�i�a�l�a�n�dû��v�e�a�s�t�r�o�n�o�m�i�c�a�l
�e�y�e�-�p�i�e�c�e�s�,�w�i�t�h�b�r�a�s�s�b�o�d�y�,�r�a�c�k�w�o�r�k�m�o�v�e�m�e�n�t�,�a�n�d
û��n�d�e�r�,�m�o�u�n�t�e�d�o�n�a û��r�m�a�n�d�s�t�e�a�d�y�m�a�h�o�g�a�n�y�s�t�a�n�d�,
�w�i�t�h�w�h�e�e�l�a�n�d�c�h�a�i�n�a�d�j�u�s�t�m�e�n�t�,�a�d�a�p�t�e�d�f�o�r�o�b�s�e�r�v�a�t�i�o�n�s
�e�i�t�h�e�r�n�e�a�r�t�h�e�h�o�r�i�z�o�n�o�r �a�t �t�h�e�z�e�n�i�t�h�,�t�e�l�e�s�c�o�p�e�a�n�d
�e�y�e�-�p�i�e�c�e�sû��t�t�e�d�i�n�t�o�a�c�a�s�e�w�i�t�h�l�o�c�k�a�n�d�k�e�y

�3�0 �0
�3�7�1�0
�5�0 �0

�8�4�0

�C�O�O



�1�0�7�,�H�O�L�B�O�R�N�H�I�L�L�,�1�, �H�A�T�T�O�N�G�A�R�D�E�N�,�m�5�9�,�C�O�R�N�I�I�I�L�L�,�L�O�N�D�O�N�.�1�1�7

�E�a�c�h�. �E�a�c�h�.
�£ �0�. �d�. �5 �a�. �d�.

�1�3�3�8�L�a�r�g�e�A�s�t�r�o�n�o�m�i�c�a�l�T�e�l�e�s�c�o�p�e�s�,�w�i�t�h �a�l�l �r�e�c�e�n�t�i�m
�p�r�o�v�e�m�e�n�t�s�. �. �. �. �. �f�r�o�m �1�0�0 �0 �0

�1�3�3�9�O�b�j�e�c�t�G�l�a�s�s�e�s�o�fû��r�s�t�-�r�a�t�e�q�u�a�l�i�t�y�,�f�o�r�t�e�l�e�s�c�o�p�e�s�: �
�L�e�n�g�t�n�o�r�T�e�l�e�s�c�o�p�e�u�m�.�1�6�1�s�.�2�4�1�s�.�a�o�m�. �3�6�1�1�1�. �4�8�m�. �4�8�1�1�1�. �s�u�n�. �6�0�1�m �c�o�m�. �6�6�1�0�. �6�6�1�0�.
�D�i�a�m�e�t�e�r �l�i�n�. �u�m�.�1�-�7�I�l�6 �1�1�m�. �2�1�m �2�1�m�.�e�l�m�.�2�-�1�1�/�1�6 �a�t�"�. �3�-�3�/�1�6 �a�r�m�. �a�n ��.
�F�o�c�u�s�,�a�b�o�u�t �9�1�1�1�. �m�m�.�1�5�m�.�2�0�m�.�2�7�i�n�. �3�4�1�1�:�. �s�o�n�. �4�0�1�n�. �4�6�1�s�. �4�6�1�s�. �M�i�n�. �5�2�m�.

�P�r�i�c�e �5�] �6�] �8�/ �1�2�/ �1�8�] �3�0�/ �4�0�/ �6�0�/ �1�0�0�/ �1�2�0�/ �1�6�0�/ �3�0�0�/

�1�3�4�0�T�w�o�-�f�e�e�t�T�r�a�n�s�i�t�I�n�s�t�r�u�m�e�n�t�,�w�i�t�h�p�o�r�t�a�b�l�e�b�r�a�s�s�s�t�a�n�d �2�6 �5 �0
�1�3�4�1�T�w�o�-�a�n�d�-�a�-�h�s�l�f�-�f�e�e�t�d�i�t�t�o�,�w�i�t�h�i�r�o�n�s�t�a�n�d�,�i�m�p�r�o�v�e�d�m�a�k�e �4�7 �5 �0

�1�3�4�2�1�2�-�i�n�c�h�I�m�p�r�o�v�e�d�A�l�t�i�t�u�d�e�a�n�d�A�z�i�m�u�t�h�I�n�s�t�r�u�m�e�n�t�,
�d�i�v�i�d�e�d�o�n�s�i�l�v�e�r�,�t�h�e�a�z�i�m�u�t�h�c�i�r�c�l�e�r�e�a�d�i�n�g�b�y�v�c�m�i�e�r�s�,
�a�n�d�t�h�e�a�l�t�i�t�u�d�e�b�y�m�i�c�r�o�m�e�t�e�r�s�. �. �. �. �f�r�o�m �1�0�5 �0 �0

�1�3�4�3�A�n�n�u�l�a�r�M�i�c�r�o�m�e�t�e�r�,�w�i�t�h�e�y�e�-�p�i�e�c�e�. �. �. �_ �1 �5 �0
�1�3�4�4�M�i�c�r�o�m�e�t�e�r�s�o�n�g�l�a�s�s�,�a�n�d�d�i�v�i�d�e�d�t�o �p�a�r�t�s�o�f�a�n�i�n�c�h�o�r

�m�i�l�l�i�m�e�t�r�e�,�m�o�u�n�t�e�d�i�n �b�r�a�s�s�;�t�o�m�e�a�s�u�r�e�t�h�e�m�a�g�n�i�f�y�i�n�g
�p�o�w�e�r�o�f �t�e�l�e�s�c�o�p�e�s�,�w�i�t�h�i�n�s�t�r�u�c�t�i�o�n�s�. �. �. �. �0 �l�2 �0

�1�3�4�5�P�o�s�i�t�i�o�n�M�i�c�r�o�m�e�t�e�r�o�f �t�h�e�b�e�s�t�f�o�r�m �. �. �. �. �1�2�1�2 �0
�1�3�4�6�I�l�l�u�m�i�n�a�t�i�n�g�A�p�p�a�r�a�t�u�s�. �. �. �. �. �. �1�2�1�2 �0
�1�3�4�7�T�e�l�e�s�c�o�p�e�S�t�a�n�d�s�,�o�f �w�o�o�d�,�w�i�t�h�t�h�r�e�e�d�o�u�b�l�e�l�e�g�s�,�s�o�c�k�e�t

û��t�t�i�n�g�s�o�t�h�a�t�a �t�e�l�e�s�c�o�p�e�c�a�n�b�e�r�a�i�s�e�d�t�o�a�n�y�r�e�q�u�i�r�e�d
�h�e�i�g�h�t�,�w�i�t�h�j�o�i�n�t�f�o�r�h�o�r�i�z�o�n�t�a�l�a�n�d�v�e�r�t�i�c�a�l�m�o�t�i�o�n�s �2 �1�0 �0

�1�3�4�8�T�e�l�e�s�c�o�p�e�S�t�a�n�d�W�i�t�h�t�h�r�e�e�d�o�u�b�l�e�w�o�o�d�e�n�l�e�g�s�w�i�t�h�b�r�a�s�s
û��t�t�i�n�g�s�,�g�i�v�i�n�g�t�h�e�h�o�r�i�z�o�n�t�a�l�a�n�d�v�e�r�t�i�c�a�l�m�o�t�i�o�n�s�e�a�s�i�l�y�;
�w�i�t�h�p�h�a�i�n�a�d�j�u�s�t�m�e�n�t�t�o �t�h�e�c�e�n�t�r�e�,�s�o�a�s �t�o �r�a�i�s�e�o�r
�d�e�p�r�e�s�s�t�h�e�t�o�p�;�a�n�d�t�h�e�w�h�o�l�e�s�o�a�r�r�a�n�g�e�d�t�h�a�t �t�h�e
�o�b�s�e�r�v�e�r�c�a�n�e�i�t�h�e�r�s�i�t �o�r�s�t�a�n�d �. �. �. �. �. �1�5 �0 �0

�1�3�4�9�D�i�t�t�o �d�i�t�t�o �w�i�t�h�e�n�d�l�e�s�s�-�s�c�r�e�w�m�o�v�e�m�e�n�t�s�t�o �b�o�t�h
�h�o�r�i�z�o�n�t�a�l�a�n�d�v�e�r�t�i�c�a�l�m�o�t�i�o�n�s �. �. �. �. �. �2�5 �0 �0

�1�3�5�0�V�a�r�l�e�y�'�s�T�e�l�e�s�c�o�p�e�S�t�a�n�d�,�m�a�h�o�g�a�n�y�a�n�d�b�r�a�s�sû��t�t�i�n�g�s�. �1�2�1�2 �0

�F�1�0�.�1�8�5�1�.
� � 

�F�O�U�C�A�U�L�T�'�S�R�E�F�L�E�C�T�I�N�G�T�E�L�E�S�C�O�P�E�.



�1�1�8 �S�C�I�E�N�T�I�F�I�C�I�N�S�T�R�U�M�E�N�T�S�M�A�N�U�F�A�C�T�U�R�E�D�B�Y�N�E�G�R�E�T�T�I�&�Z�A�M�B�R�A�,

�1�3�5�1

� � 

�F�o�u�c�a�u�l�t�'�s�R�eû��e�c�t�i�n�g�T�e�l�e�s�c�o�p�e�,�f�o�r �t�e�r�r�e�s�t�r�i�a�l�a�n�d
�a�s�t�r�o�n�o�m�i�c�a�l�o�b�s�e�r�v�a�t�i�o�n�s�.�T�h�e�n�o�v�e�l�t�y�a�n�d�i�m�p�r�o�v�e
�m�e�n�t�s�o�f �t�h�i�s�t�e�l�e�s�c�o�p�e�,�a�r�e�p�r�i�n�c�i�p�a�l�l�y�i�n �t�h�e�u�s�e�o�f �a
�n�e�w�r�eû��e�c�t�i�n�g�s�u�r�f�a�c�e�f�o�r �t�h�e �l�a�r�g�e�s�p�e�c�u�l�u�m�,�g�l�a�s�s
�w�o�r�k�e�d�o�f �a�s�u�i�t�a�b�l�e�c�u�r�v�e�,�a�n�d�c�o�a�t�e�d�u�p�o�n�t�h�e�s�u�r�f�a�c�e
�w�i�t�h�p�e�r�f�e�c�t�l�y�p�u�r�e�s�i�l�v�e�r�. �T�h�e�e�y�e�p�i�e�c�e�o�r �p�o�w�e�r�i�s
�a�n�a�c�h�r�o�m�a�t�i�c�m�i�c�r�o�s�c�o�p�i�c�a�r�r�a�n�g�e�m�e�n�t�o�f�l�e�n�s�e�s�m�o�u�n�t�e�d
�o�n�t�h�e�s�i�d�e�o�f�t�h�e�b�o�d�y�o�f �t�h�e�t�e�l�e�s�c�o�p�e�,�t�h�e�i�m�a�g�e�b�e�i�n�g
�r�e�c�e�i�v�e�d�f�r�o�m�t�h�e�l�a�r�g�e�s�p�e�c�u�l�u�m�b�y�a �p�r�i�s�m�,�a�n�d�t�h�e
�r�eû��e�c�t�e�d �e�x�a�m�i�n�e�d�b�y�t�h�e�m�i�c�r�o�s�c�o�p�i�c�e�y�e�p�i�e�c�e�,
�w�h�i�c�h�i�s û��t�t�e�d�w�i�t�h�aû��n�e�r�a�c�k�w�o�r�k�a�d�j�u�s�t�m�e�n�t�.�W�'�i�t�h
�t�h�e�s�e�a�r�r�a�n�g�e�m�e�n�t�s�,�h�i�g�h�m�a�g�n�i�f�y�i�n�g�p�o�w�e�r�s�c�a�n�b�e�u�s�e�d�,
�a�n�d�l�a�r�g�eû��e�l�d�o�f�v�i�e�w�,�c�o�m�b�i�n�e�d�w�i�t�h�f�u�l�l �b�o�d�y�o�f �l�i�g�h�t�,
�i�s �o�b�t�a�i�n�e�d�a�t �a�c�o�n�s�i�d�e�r�a�b�l�y�l�o�w�e�r�p�r�i�c�e�t�h�a�n�t�h�e�o�l�d�e�x
�p�e�n�s�i�v�e�f�o�r�m�o�f�r�eû��e�c�t�i�n�g�t�e�l�e�s�c�o�p�e�s�w�i�t�h�m�e�t�a�l�s�p�e�c�u�l�u�m�.
�T�h�e�t�e�l�e�s�c�o�p�e�i�s �m�o�u�n�t�e�d�o�n�a�l�i�g�h�t�b�u�tû��r�m�t�a�b�l�e�s�t�a�n�d
�o�f�p�o�l�i�s�h�e�d�w�a�l�n�u�t�w�o�o�d�,�h�a�v�i�n�g�s�i�m�p�l�e�a�n�d�c�o�n�v�e�n�i�e�n�t
�a�d�j�u�s�t�m�e�n�t�s�(û��g�.�1�3�5�1�) �.

�W�i�t�h�s�i�m�p�l�e�i�n�s�t�r�u�c�t�i�o�n�s�f�o�r�r�e�-�s�l�l�v�e�r�l�n�g�t�h�e�s�p�e�c�u�l�u�m�.
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�E�a�c�h�.

�s�.

�P�O�C�K�E�T�,�N�A�V�Y�A�N�D�P�I�L�O�T�T�E�L�E�S�C�O�P�E�S�.

�F�1�0�.�1�3�5�5�.

�1�3�5�1�'�P�e�r�s�p�e�c�t�i�v�e�,�w�i�t�h�m�a�h�o�g�a�n�y�o�r�j�a�p�a�n�n�e�d�'�b�o�d�y�,�a�n�d�o�n�e
�d�r�a�w

�F�1�0�.�1�3�5�5�'�.

�1�3�5�2
�1�3�5�3
�1�3�5�4
�1�3�5�5

�D�i�t�t�o�,�t�w�o�d�r�a�w�s �.
�D�i�t�t�o�,�t�h�r�e�e�d�r�a�w�s �. �. �.
�D�i�t�t�o�,�t�w�o�d�r�a�w�s�,�a�n�d�c�o�v�e�r�e�d�e�n
�P�o�c�k�e�t�A�c�h�r�o�m�a�t�i�c�T�e�l�e�s�c�o�p�e�s�,�w�i�t�h�a�c�h�r�o�m�a�t�i�c�o�b�j�e�c�t

�g�l�a�s�s�e�s�,�b�r�a�s�s�t�u�b�e�s�,�b�o�d�y�s�t�r�a�i�g�h�t�a�n�d�c�o�v�e�r�e�d�w�i�t�h�m�a
�h�o�g�a�n�y�,�i�n �c�a�s�e�s�(û��g�s�.�1�3�5�5�a�n�d�1�3�5�5�'�)�: �
�N�o�.�o�f �T�o�t�a�l �l�e�n�g�t�h�w�h�e�n�D�i�a�m�e�t�e�r�o�f

�D�r�a�w�s�. �L�e�n�g�t�h�. �s�h�i�l�l�. �O�b�j�e�c�t�6�1 ��.

�a �1�7�-�1�1�1�. �6�-�i�n�. �l�-�i�n�. �(û��g�.�1�3�5�5�)�o �1�0
�3 �1�7�-�1�1�1�. �7�-�i�1�1�. �l�§�-�i�n�. �(û��g�.�1�3�5�5�'�)�o �1�2

�D�i�t�t�o�w�i�t�h�s�u�n�-�s�h�a�d�e

�1�3�5�6�P�o�c�k�e�t�A�c�h�r�o�m�a�t�i�c�T�e�l�e�s�c�o�p�e �
�3 �d�r�a�w�s�2�4�4�1�1�.�,�l�e�n�g�t�h�B�Q�-�i�n�. �l�g�-�i�n�. �. �. �. �0 �1�9

�D�i�t�t�o�w�i�t�h�s�u�n�-�s�h�a�d�e�. �. �. �. �. �. �. �1 �l

�1�3�5�7�P�o�c�k�e�t�A�c�h�r�o�m�a�t�i�c�T�e�l�e�s�c�o�p�e �
�3 �d�r�a�w�s�3�0�-�1�1�1�.�,�1�0�1�1�8�1�1�1�l�O�-�i�n�. �lû� ��i�n�. �. �. �.�1�1

�d�.

�0�0

�C�O

�£

�G�r�e�g�o�r�i�a�n�a�n�d�N�e�w�t�o�n�i�a�n�R�eû��e�c�t�i�n�g�T�e�l�e�s�c�o�p�e�s�o�f �v�a�r�i�o�u�s�s�i�z�e�s�.
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�0�0�°

�i�n�!

�E�1�0�1�1�.
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�1�0�1�,�H�O�L�B�O�R�N�H�I�L�L�,�1�, �H�A�T�T�O�N�G�A�R�D�E�N�,�m�5�9�,�C�O�R�N�H�I�L�L�,�L�O�N�D�O�N�.�1�1�9

�E�a�c�h�, �E�a�c�h�.

�1�; �8�. �d�. �s �8�. �a�.
�1�3�5�8�S�m�a�l�l�A�c�h�r�o�m�a�t�i�c�T�e�l�e�s�c�o�p�e�,�w�i�t�h�l�e�a�t�h�e�r�b�o�d�y�,�c�a�p�s�,

�a�n�d�s�l�i�n�g�s�t�r�a�p �. �. �. �l �0
�1�3�5�9�D�i�t�t�o �d�i�t�t�o �w�i�t�h�s�u�n�s�h�a�d�e �. �. �. �' �0

�1�3�6�0�P�o�c�k�e�t�A�c�h�r�o�m�a�t�i�c�T�e�l�e�s�c�o�p�e�s�,�w�i�t�h�m�a�h�o�g�a�n�y�o�r�r�o�s�e
�w�o�o�d�b�o�d�y�: �

�2�, �3 �o�r �4�-�d�r�a�w�b�r�a�s�s�t�e�l�e�s�c�o�p�e�,�w�i�t�h�l�e�n�s�e�s�a�n�d

�m�o�u�n�t�i�n�g�s�o�f�t�h�e�v�e�a�r�r�m�a�s�'�r�Q�U�A�L�I�T�Y �

�1�2�-�i�n�c�h �. �1 �l�l �0
�1�8�-�i�n�c�h�d�i�t�t�o �d�i�t�t�o �2 �4 �0
�2�4�-�i�n�c�h�d�i�t�t�o �d�i�t�t�o �3 �0 �0
�3�0�-�i�n�c�h�d�i�t�t�o �d�i�t�t�o �. �. �. �. �4 �4 �0
�3�6�-�i�n�c�h�d�i�t�t�o �5�-�d�r�a�w�,�e�x�t�r�a�l�a�r�g�e�o�b�j�e�c�t�l�e�n�s �6 �6 �0
�4�2�-�i�n�c�h�d�i�t�t�o �d�i�t�t�o �d�i�t�t�o �. �7 �1�0 �0

�1�3�6�1 �P�o�c�k�e�t�T�e�l�e�s�c�o�p�e�s ��2�4�-�i�n�c�h�t�h�r�e�e�-�d�r�a�w�b�e�s�t�q�u�a�l�i�t�y
�a�c�h�r�o�m�a�t�i�c�t�e�l�e�s�c�o�p�e�,�s�o�l�i�d�G�e�r�m�a�n�s�i�l�v�e�r�m�o�u�n�t�i�n�g�s �4 �4 �o

�3�0�-�i�n�c�h�d�i�t�t�o �d�i�t�t�o �. �. �. �. �. �. �5 �1�0 �0
�1�3�6�2�L�e�a�t�h�e�r�C�a�s�e�s�a�n�d�S�l�i�n�g�S�t�r�a�p�s�f�o�r �a�n�y�o�f �a�b�o�v�e�,

�f�r�o�m�e�a�c�h�,�e�x�t�r�a �. �. �. �. �. �. �. �. �0 �1�0 �6

�T�e�l�e�s�c�o�p�e�s�c�a�n�b�e�h�a�d�w�i�t�h�t�h�e�b�o�d�i�e�s�c�o�v�e�r�e�d�w�i�t�h�w�h�a�l�e�b�o�n�e�o�r�c�o�r�d�,�a�n�d�t�h�e
�d�r�a�w�-�t�u�b�e�s�e�l�e�c�t�r�o�-�s�i�l�v�e�r�e�d�,�a�t �a�s�l�i�g�h�t�a�d�v�a�n�c�e�o�n�t�h�e�a�b�o�v�e�p�r�i�c�e�s�.

� � 

�1�3�6�3�M�a�r�i�n�e�o�r�D�a�y�a�n�d�N�i�g�h�t�T�e�l�e�s�c�o�p�e�s�,�y�i�e�l�d�i�n�g�a �l�a�r�g�e
û��e�l�d�a�n�d�f�u�l�l �b�o�d�y�o�f �l�i�g�h�t �(û��g�.�1�3�6�3�)�. �. �. �4�0�/�, �2 �1�0 �O �3 �0 �0

�1�3�6�4�M�a�r�i�n�e�t�h�r�o�m�a�t�i�c�T�e�l�e�s�c�o�p�e�,�a�d�a�p�t�e�d�f�o�r �t�h�e�s�e�a�-�s�i�d�e�,
�o�n�b�r�a�s�s�t�a�b�l�e�s�t�a�n�d�,�w�i�t�h�j�o�i�n�t�e�d�c�l�i�p�f�o�r�e�a�s�y�r�e�m�o�v�a�l
�o�f�t�h�e�t�e�l�e�s�c�o�p�e�w�h�e�n�r�e�q�u�i�r�e�d�f�o�r�u�s�e�w�i�t�h�o�u�t�s�t�a�n�d�;�i�n
�m�a�h�o�g�a�n�y�b�o�x �. �. �. �. �. �. �. �. �6 �6 �0

� � 

�1�3�6�5�D�a�y�o�r �N�i�g�h�t�A�c�h�r�o�m�a�t�i�c�P�i�l�o�t �T�e�l�e�s�c�o�p�e�,�w�i�t�h�o�n�e�,
�t�w�o�,�o�r�t�h�r�e�e�d�r�a�w�e�r�s�. �- �. �. �.

�1�3�6�6�D�i�t�t�o �d�i�t�t�o �w�i�t�h�s�h�a�d�e�t�u�b�e�,�b�e�s�t�m�a�k�e�(û��g�.�1�3�6�6�)�.
�1�3�6�7�E�r�e�c�t�N�i�g�h�t�T�e�l�e�s�c�o�p�e�,�w�i�t�h�o�n�e�d�r�a�w�a�n�d�s�h�a�d�e�t�u�b�e�,

�b�e�s�t�m�a�k�e �. �. �. �- �. �. �. �. �. �3 �3 �0

�1�3�6�8�D�i�t�t�o �d�i�t�t�o �l�e�n�s�e�s�o�f �l�a�r�g�e�d�i�a�m�e�t�e�r�a�n�d�b�e�s�t�q�u�a�l�i�t�y�.
�1�3�6�9�L�a�r�g�e�I�n�v�e�r�t�i�n�g�N�i�g�h�t�T�e�l�e�s�c�o�p�e�s �. �. �.
�1�3�7�0�N�a�v�y�T�e�l�e�s�c�o�p�e�s�,�t�a�p�e�r�b�o�d�y�,�c�o�v�e�r�e�d�w�i�t�h�l�e�a�t�h�e�r�,�w�i�t�h

�o�n�e�o�r�t�w�o�d�r�a�w�s�,�w�i�t�h�s�p�r�a�y�s�h�a�d�e�(û��g�.�1�3�7�0�)�: �

�0�1�8�0�w�a�s �6�9�6�5 �C�O

�t�o  ��a �O

�1�2�-�i�n�c�h�. �l �8 �0 �2 �0 �0
�1�8�-�i�n�c�h�. �1 �l�2 �0 �2 �5 �0
�2�4�-�i�n�c�h�. �2 �2 �o �3 �5 �0
�3�0�-�i�n�c�h�. �3 �0 �0 �4 �4 �0
�3�6�-�i�n�c�h�. �3 �0 �0 �5 �5 �o



�1�2�0 �S�C�I�E�N�T�I�F�I�C�I�N�S�T�R�U�M�E�N�T�S�M�A�N�U�F�A�C�T�U�R�E�D�B�Y�N�E�G�R�E�T�T�I�8�: �Z�A�M�B�R�A�,

�1�3�7�1

�1�3�7�2

�1�3�7�3

�1�3�7�4
�1�3�7�5

�1�3�7�6

�F�m�.�1�3�7�0�.
� � 

�n�u�n�. �E�a�c�h�.
�£ �a�. �d�. �.�6 �a�. �d�.

�M�i�d�s�h�i�p�m�a�n�'�s�T�e�l�e�s�c�o�p�e�,�1�8�-�i�n�c�h�t�a�p�e�r�l�e�a�t�h�e�r�b�o�d�y�,
�w�i�t�h�o�r �w�i�t�h�o�u�t�n�a�v�y�s�i�g�n�a�l�s�i�n�s�e�r�t�e�d�,�a�n�d�s�l�i�n�g�s�t�r�a�p �1 �l�5 �0 �2 �4 �0

� � 

�D�e�c�k�T�e�l�e�s�c�o�p�e�s�(û��g�.�1�3�7�-�2�)
�N�o�.�o�f �L�e�n�g�t�h �D�i�a�m�e�t�e�r�o�f �B�o�d�y�c�o�v�e�r�e�d �B�o�d�y�c�o�v�e�r�e�d
�D�r�a�w�s�. �O�b�j�e�c�t�G�l�a�s�s�. �w�i�t�h�l�e�a�t�h�e�r�. �w�i�t�h�m�a�h�o�g�a�n�y�.

�l �. �3�3�-�i�n�c�h�. �I�i�i�-�i�n�c�h�. �£�2�1�8 �0 �£�2�1�4 �0

�2 �. �3�2�-�i�n�c�h�. �l�%�-�i�n�c�h�. �2 �l�8 �0 �2 �l�4 �0

�1 �. �4�0�-�i�n�c�h�. �2�-�i�n�c�h�. �4 �0 �0 �3 �1�5 �0

�M�a�r�r�y�a�t�'�s�C�o�d�e�o�f �S�i�g�n�a�l�sû��t�t�e�d�t�o �t�e�l�e�s�c�o�p�e �0 �6 �6
�N�a�v�y�C�o�d�e�o�f �S�i�g�n�a�l�s�t�o�d�i�t�t�o �. �. �. �o �3 �6
�S�t�r�a�p�s�a�n�d�S�l�i�n�g�s�t�o�d�i�t�t�o �. �. �. �. �. �. �o �a �6 �0 �s �0

�F�1�0�.�1�3�7�6�.
� � 

�N�e�g�r�e�t�t�i�a�n�d�Z�a�m�b�r�a ��s�B�i�n�o�c�u�l�a�r�T�e�l�e�s�c�o�p�e�.
�T�h�i�s�i�n�s�t�r�u�m�e�n�t�c�o�n�s�i�s�t�s�o�f �a �p�a�i�r �o�f �t�e�l�e�s�c�o�p�e�s�m�a�d�e
�e�x�a�c�t�l�y�t�h�e �s�a�m�e�i�n �t�h�e �o�p�t�i�c�a�l�a�r�r�a�n�g�e�m�e�n�t�,�a�n�d
�t�h�e �t�u�b�e�s�c�o�n�v�e�n�i�e�n�t�l�y�p�l�a�c�e�d�t�o �a�l�l�o�w�b�o�t�h�e�y�e�s

�b�e�i�n�g�u�s�e�d�;�a�. �r�a�c�k�w�o�r�k�o�r �a�d�j�u�s�t�i�n�g�s�c�r�e�w�i�s û��t�t�e�d
�b�e�t�w�e�e�n�t�h�e�t�u�b�e�s�,�m�o�v�i�n�g�b�o�t�h�e�y�e�-�p�i�e�c�e�s�,�a�t �o�n�e�t�i�m�e�,
�e�n�a�b�l�i�n�g�t�h�e �u�s�e�r�t�o �a�d�j�u�s�t�t�h�e �t�e�l�e�s�c�o�p�e�f�o�r �p�e�r�f�e�c�t
�v�i�s�i�o�n�w�i�t�h�t�h�e�g�r�e�a�t�e�s�t�c�a�s�e�a�n�d�f�a�c�i�l�i�t�y�. �I�n �s�i�z�e�,�t�h�e

�B�i�n�o�c�u�l�a�r�T�e�l�e�s�c�o�p�e�v�e�r�y�l�i�t�t�l�e �e�x�c�e�e�d�s�t�h�e�o�r�d�i�n�a�r�y�r�a�c�e
�g�l�a�s�s�e�s�,�b�u�t�v�e�r�y�f�a�r�s�u�r�p�a�s�s�e�s�t�h�e�m�i�n �m�a�g�n�i�f�y�i�n�g�p�o�w�e�r
�a�n�d�r�a�n�g�e�;�i�n �l�e�a�t�h�e�r�c�a�s�e�a�n�d�s�l�i�n�g�s�t�r�a�p�(û��g�.�1�3�7�6�)�. �5 �l�5 �0 �8 �8 �0



�1�0�7�,�H�O�L�B�O�R�N�H�I�L�L�,�1�, �H�A�T�T�O�N�G�A�R�D�E�N�,�A�N�D�5�9�, �C�O�R�N�H�I�L�L�,�L�O�N�D�O�N�.�1�2�1

�M�I�L�I�T�A�R�Y�R�E�C�O�N�N�O�I�T�R�I�N�G�,�Y�A�C�H�T�I�N�G�, �D�E�E�R�-�S�T�A�L�K�I�N�G�, �O�R

�T�O�U�R�I�S�T�S ��A�C�H�R�O�M�A�T�I�C�T�E�L�E�S�C�O�P�E�S�.
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�1�3�7�7�1�2�-�i�n�c�h�P�o�c�k�e�t�M�i�l�i�t�a�r�y�R�e�c�o�n�n�o�i�t�r�i�n�g�T�e�l�e�s�c�o�p�e�s�,
�b�e�s�t�q�u�a�l�i�t�y�,�s�i�x �d�r�a�w�s�,�c�l�o�s�i�n�g�t�o �f�o�u�r�i�n�c�h�e�s�,�b�r�a�s�s
�t�u�b�e�s�,�w�h�a�l�e�b�o�n�e�b�o�d�y�(û��g�.�1�3�7�7�)

�1�3�7�8�D�i�t�t�o �d�i�t�t�o �G�e�r�m�a�n�s�i�l�v�e�r�t�u�b�e�s
�1�3�7�9�1�8�-�i�n�. �d�i�t�t�o �s�i�x�-�d�r�a�w�b�r�a�s�s�t�u�b�e�s
�1�3�8�0�2�4�-�i�n�. �d�i�t�t�o �s�e�v�e�n�-�d�r�a�w�d�i�t�t�o �. �-
�1�3�8�1�3�0�-�i�n�. �d�i�t�t�o �e�i�g�h�t�-�d�r�a�w�d�i�t�t�o

�F�1�0�1�3�8�2�.

�E�a�c�h�.
�.�1�3 �s�. �d�.

� � 

�1�3�8�2�N�e�g�r�e�t�t�i�8�0 �Z�a�m�b�r�a ��s�I�m�p�r�o�v�e�d�A�c�h�r�o�m�a�t�i�c�M�i�l�i�t�a�r�y
�R�e�c�o�n�n�o�i�t�r�i�n�g�T�e�l�e�s�c�o�p�e�,�w�i�t�h�s�u�n�s�h�a�d�e�,�b�r�o�n�z�e�d
�t�u�b�e�s�,�a�n�d�m�o�u�n�t�e�d�i�n �s�t�r�o�n�g�l�e�a�t�h�e�r�b�o�d�y�o�r�c�a�s�e�,�w�i�t�h
�s�l�i�n�g�s�t�r�a�p�(û��g�.�1�3�8�2�)�: �

�N�o�.�1
�N�o�.�2
�N�o�. �3

�T�h�e�l�e�m�e�s�o�f �t�h�m�e�t�e�l�e�s�c�o�p�e�s�a�r�e�o�f �t�h�e�v�e�r�y�b�e�s�t�.�q�u�a�l�i�t�y�,�o�f �h�i�g�h

�m�a�g�n�i�f�y�i�n�g�p�o�w�e�r�,�c�o�m�b�i�n�e�d�w�i�t�h�l�a�r�g�eû��e�l�d�o�r�v�i�e�w�;�t�h�e�m�o�u�n�t
�i�n�g�s�o�f �s�t�r�o�n�g�m�a�t�e�r�i�a�l�,�a�n�d�b�e�s�t�w�o�r�k�m�a�n�s�h�i�p�.�T�h�e�s�e�t�e�l�e�s�c�o�p�e�s
�a�m�h�e�c�o�nû��d�e�n�t�l�y�r�e�e�o�m�m�e�n�d�t�x�l�b�y�H�o�u�r�s�.�N�.�a�n�d�Z�.�,�f�o�r�m�i�l�i�t�a�r�y
�p�u�r�p�o�s�e�s�,�y�a�c�h�t�i�n�g�,�d�e�e�r�s�t�a�l�k�i�n�g�,�o�r�f�o�r�t�h�e�t�o�u�r�i�s�t�.

�1�3�8�3�S�i�g�n�a�l�S�t�a�t�i�o�n�T�e�l�e�s�c�o�p�e�s�,�f�o�r �t�e�l�e�g�r�a�p�h�i�c�a�n�d�l�o�o�k�-�o�u�t
�p�u�r�p�o�s�e�s�,�w�i�t�h �o�n�e�d�r�a�w�,�t�h�e �b�o�d�y�c�o�v�e�r�e�d�w�i�t�h
�m�a�h�o�g�a�n�y�,�a�n�d�m�c�k�w�o�r�k�a�d�j�u�s�t�m�e�n�t�t�o�e�y�e ��p�i�e�c�e�: �
�T�o�t�a�l�l�e�n�g�t�h �. �. �a�o�m�. �a�e�m�. �t�a�m�. �5�4�m�. �6�0�i�n�.
�D�i�a�m�e�t�e�r�o�f �O�b�j�e�c�t�G�i�n�s�u�.�l�i�l�n�. û��i�n�. �2�a�m�. û��-�l�l�/�I�G �3�i�n�.

�P�r�i�c�e �3�0�/ �4�5�/ �7�3�/�6 �1�1�0�/ �1�6�8�/

�1�3�8�4�P�a�n�c�r�a�t�i�c�E�y�e�T�u�b�e�sû��t�t�e�d�t�o�a�n�y�o�f�t�h�e�a�b�o�v�e�t�e�l�e�s�c�o�p�e�s
�1�3�8�5�C�o�m�p�a�s�sû��t�t�e�d�i�n �t�h�e�c�a�p�o�f�t�e�l�e�s�c�o�p�e �. �. �.

�1�3�8�6�C�a�p�t�a�i�n�s�'�o�r �P�i�l�o�t�s � �B�i�n�o�c�u�l�a�r�N�i�g�h�t�o�r �L�o�o�k�-�o�u�t
�G�l�a�s�s�e�s�(�s�e�e�p�a�g�e�1�0�0�)�.

�4�1�6�'�0

�0�1�2�6

�0�5�0

�E�a�c�h�.
�£ �a�. �d�.

�, � �O
�t�h�N�t�Q ��I

�O�O�O�O

�O�O�O�O�O

�c�a�r�e �G�U�N�)

�0�0�°

�1�0�0

�0�1�6�0



�S�C�I�E�N�T�I�F�I�C�I�N�S�T�R�U�M�E�N�T�S�M�A�N�U�F�A�C�T�U�R�E�D�B�Y�N�E�G�R�E�T�T�I�&�Z�A�M�B�B�A�,

�M�A�G�I�C�A�N�D�P�H�A�N�T�A�S�M�A�G�O�R�I�A�L�A�N�T�E�R�N�S�,

�L�U�G�E�R�N�A�L�M�I�C�R�O�S�C�O�P�E�S�,

�A�P�P�A�R�A�T�U�S�F�O�R�E�X�H�I�B�I�T�I�N�G�T�H�E�D�I�S�S�O�L�V�I�N�G�V�I�E�W�S�,�&�c�.

�F�r�o�.�1�8�9�1�.

� 
� 

� � 

�E�a�c�h�, �E�a�c�h�.
�£ �a�. �d�. �£ �a�. �d�.

�1�3�8�7�M�a�g�i�c�L�a�n�t�e�r�n�s�,�f�o�r �e�x�h�i�b�i�t�i�n�g�c�o�m�i�c�,�h�u�m�o�r�o�u�s�,�a�n�d
�a�s�t�r�o�n�o�m�i�c�a�l�s�u�b�j�e�c�t�s�: �

�N�o�.�I�. �N�o�.�2�. �N�o�.�3�. �N�o�.�A�. �N�o�.�5�.

�4�/�6 �7�1�6 �1�2�/�6 �1�6�/ �2�1�/
�1�3�8�8�C�o�m�i�c�S�l�i�d�e�r�s�,�i�n �b�o�x�e�s�c�o�n�t�a�i�n�i�n�g�o�n�e�d�o�z�e�n�,�w�i�t�h�a�b�o�u�t

û��f�t�yû��g�u�r�e�s�: �
�N�o�.�I�. �N�o�.�2�. �N�o�.�3�. �N�o�.�4�. �N�o�.�5�.

�4�/�6 �6�/ �1�2�/ �1�5�/ �2�1�/

�1�3�8�9�A�s�t�r�o�n�o�m�i�c�a�l�S�l�i�d�e�r�s�,�w�i�t�h�b�o�o�k�o�f�d�e�s�c�r�i�p�t�i�o�n�: �
�N�o�.�2�. �N�o�.�3�. �N�o�.�4�. �N�o�.�5�.

�7�/�6 �1�5�/ �2�3�/ �4�0�/
�1�3�9�0�P�h�a�n�t�a�s�m�a�g�o�r�i�a�L�a�n�t�e�r�n�s�,�w�i�t�h�A�r�g�a�n�d�l�a�m�p�,�t�h�e�c�o�n

�c�o�n�d�e�n�s�i�n�g�l�e�n�s�e�s�2�%�-�i�n�.�d�i�a�m�e�t�e�r�. �. �. �2 �1�0 �0

�1�3�9�1�V�e�r�y�s�u�p�e�r�i�o�r�M�a�g�i�c�o�r�P�h�a�n�t�a�s�m�a�g�o�r�i�a�L�a�n�t�e�r�n�,�w�i�t�h
�' �t�w�o�c�o�n�d�e�n�s�i�n�g�l�e�n�s�e�s�,�3�}�-�i�n�.�d�i�a�m�e�t�e�r�,�m�o�u�n�t�e�d�i�n �b�r�a�s�s

�c�e�l�l�s�,�s�l�i�d�i�n�g�b�r�a�s�s�t�u�b�e�s�f�o�r�a�d�j�u�s�t�i�n�g�t�h�e�f�o�c�u�s�,�i�m�p�r�o�v�e�d
�f�o�u�n�t�a�i�n�A�r�g�a�n�d�l�a�m�p�a�n�d�r�eû��e�c�t�o�r�,�&�c�.�,�c�o�m�p�l�e�t�e�;�w�i�l�l
�g�i�v�e�a�m�a�g�n�iû��e�d�i�m�a�g�e�o�f�a�p�a�i�n�t�i�n�g�2�i�-�i�n�.�d�i�a�m�e�t�e�r�,�o�n

�' �a �d�i�s�c�o�f �1�0�-�f�t�.�d�i�a�m�e�t�e�r�(û��g�.�1�3�9�1�) �. �v �. �.�. �3 �1�0 �0



�1�0�7�,�H�O�L�B�O�R�N�H�I�L�L�,�1�, �H�A�T�T�O�N�G�A�R�D�E�N�,�u�m�5�9�, �C�O�R�N�H�I�L�L�,�L�O�N�D�O�N�.�1�2�3

�E�a�c�h�. �E�a�c�h�.
�£ �a�. �4�. �£ �0�. �d�.

�1�3�9�2�V�e�r�y�s�u�p�e�r�i�o�r�l�a�r�g�e�-�s�i�z�e�d�M�a�g�i�c�o�r �P�h�a�n�t�a�s�m�a�g�o�r�i�a
�L�a�n�t�e�r�n�,�w�i�t�h�{�i�i�-�i�n�. �c�o�n�d�e�n�s�i�n�g�l�e�n�s�e�s�,�r�a�c�k�w�o�r�k�a�d
�j�u�s�t�m�e�n�t�t�o �f�r�o�n�t�,�f�o�r �c�o�r�r�e�c�t�i�n�g�t�h�e�f�o�c�u�s�,�i�m�p�r�o�v�e�d
�f�o�u�n�t�a�i�n�A�r�g�a�n�d�l�a�m�p�w�i�t�h�r�eû��e�c�t�o�r�c�o�m�p�l�e�t�e�,�o�f �t�h�e
�v�e�r�y�b�e�s�t�c�o�n�s�t�r�u�c�t�i�o�n�,�t�o�s�h�o�w�a �3�-�i�n�.�p�a�i�n�t�i�n�g�o�n�a�d�i�s�c
�o�f �l�2�-�f�t�.�d�i�a�m�e�t�e�r �. �. �. �. �. �. �. �4 �1�0 �0

�1�3�9�3�M�a�g�i�c�o�r �P�h�a�n�t�a�s�m�a�g�o�r�i�a�L�a�n�t�e�r�n�,�w�i�t�h�A�r�g�a�n�d�l�a�m�p�,
�a�n�d�a�m�i�c�r�o�s�c�o�p�e�t�o�a�t�t�a�c�h�t�o�f�r�o�n�t�,�w�i�t�h�s�i�x�s�l�i�d�e�r�s�,�c�o�n

�t�a�i�n�i�n�g�v�a�r�i�o�u�s�m�i�c�r�o�s�c�o�p�i�c�o�b�j�e�c�t�s�,�a�q�u�a�t�i�c�t�r�o�u�g�h�a�n�d
�m�i�r�r�o�r�,�c�o�m�p�l�e�t�e�;�i�n �c�a�s�e�,�w�i�t�h�l�o�c�k�a�n�d�k�e�y �. �. �5 �5 �0

�T�h�e�s�e�L�a�n�t�e�r�n�s�a�r�e�s�o�m�u�c�h�i�m�p�r�o�v�e�d�,�a�n�d�u�s�e�d�w�i�t�h�s�u�c�h�i�n�c�r�e�a�s�e�d�f�a�c�i�l�i�t�y�,�t�h�a�t�t�h�e�y�m�a�y�b�e
�r�e�c�o�m�m�e�n�d�e�d�w�i�t�h�t�h�e�g�r�e�a�t�e�s�t�c�o�nû��d�e�n�c�e�,�g�i�v�i�n�g�a �p�e�r�f�e�c�t�l�y�-�d�eû��n�e�dû��g�u�r�e�,�w�i�t�h�a �w�e�l�l

�i�l�l�u�m�l�n�n�i�e�d�h�e�l�d�o�f �v�i�e�w�,�M�i�n�6�t�o �l�O�-�i�t�.�i�n �d�i�a�m�e�t�e�r�.�C�o�m�b�i�n�e�d�w�i�t�h�t�h�e�a�s�t�r�o�n�o�m�i�c�a�l�s�l�i�d�e�r�s�,
�t�h�e�y�p�r�m�e�n�t�a�n�o�v�e�l�a�n�d�d�e�l�i�g�h�t�n�i�i�m�o�d�e�o�f�i�n�s�t�r�u�c�t�i�o�n�a�n�d�a�m�u�s�e�m�e�n�t�.�T�o�i�n�f�a�n�t�s�c�h�o�o�l�s�,�p�u�b�l�i�c
�s�e�m�i�n�a�r�i�e�s�,�m�e�c�h�a�n�i�c�s ��i�n�s�t�i�t�u�t�e�s�,�&�c�.�,�t�h�e�y�o�i�r�c�r�p�e�c�u�l�i�a�r�a�d�v�a�n�t�a�g�e�s�,�a�n�d�a�r�e�e�x�t�e�n�s�i�v�e�l�y�u�s�e�d
�b�y�t�h�e�c�o�n�d�u�c�t�o�r�s�o�f�t�h�e�s�e�i�n�s�t�i�t�u�t�i�o�n�s�,�i�n �a�i�d�i�n�g�t�h�e�p�r�o�g�r�e�s�s�o�f�e�d�u�c�a�t�i�o�n�.�T�h�e�n�a�t�u�r�a�l�h�i�s�t�o�r�y
�a�n�d�a�s�t�r�o�n�o�m�i�c�a�l�d�i�a�g�r�a�m�s�a�r�e�p�a�i�n�t�e�d�i�n �t�h�e�v�e�r�y�b�e�s�t�s�t�y�l�e�,�a�n�d�c�a�n�b�e�d�e�p�e�n�d�e�d�u�p�o�n�f�o�r
�a�c�c�u�r�a�c�y�a�n�dû��d�e�l�i�t�y�.

�T�H�E�O�X�Y�-�C�A�L�C�I�U�M�L�I�G�H�T�.
�M�e�s�s�r�s�.�N�e�g�r�e�t�t�i�a�n�d�Z�a�m�b�r�a�w�o�u�l�d�c�a�l�l�e�s�p�e�c�i�a�l�a�t�t�e�n�t�i�o�n�t�o�t�h�e�N�e�w�O�x�y�-�C�a�l�c�i�u�m

�L�i�g�h�t�,�w�h�i�c�h�,�a�t �a �v�e�r�y�t�r�iû��i�n�g�a�d�v�a�n�c�e�o�n�t�h�e�e�x�p�e�n�s�e�o�f�t�h�e�b�e�s�t�A�r�g�a�n�d�o�i�l �l�a�m�p�s�,
�g�i�v�e�s�a �l�i�g�h�t�v�e�r�y�n�e�a�r�l�y�e�q�u�a�l�t�o �t�h�e�o�x�y�-�h�y�d�r�o�g�e�n�l�i�g�h�t�. �I�t �i�s �p�e�r�f�e�c�t�l�y�s�a�f�e�,�e�a�s�i�l�y
�m�a�n�a�g�e�d�,�a�n�d�o�c�c�u�p�i�e�s�s�m�a�l�l�s�p�a�c�e�;�v�e�r�y�c�l�e�a�n�l�y�i�n �u�s�e�,�a�l�l �g�r�e�a�s�e�a�n�d�s�m�o�k�e�b�e�i�n�g
�a�v�o�i�d�e�d�.

�1�3�9�4�A�b�e�s�t�P�h�a�n�t�a�s�m�a�g�o�r�i�a�L�a�n�t�e�r�n�,�w�i�t�h�{�i�i�-�i�n�. �c�o�n�d�e�n
�s�i�n�g�l�e�n�s�e�s�,û��t�t�e�d�w�i�t�h�t�h�e�O�x�y�-�C�a�l�c�i�u�m�L�i�g�h�t�,�a�p�p�a�r�a�t�u�s

�f�o�r�m�a�k�i�n�g�t�h�e�o�x�y�g�e�n�g�a�s�,�g�a�s�b�a�g�a�n�d�p�r�e�s�s�u�r�e�b�o�a�r�d�,
�c�o�n�d�u�c�t�i�n�g�t�u�b�e�,�l�i�m�e�b�a�l�l�s�,�&�c�.�,�c�o�m�p�l�e�t�e�;�i�n �b�o�x �. �9 �9 �0

�1�3�9�5�A�d�i�t�t�o �d�i�t�t�o �w�i�t�h�4�-�i�n�. �c�o�n�d�e�n�s�i�n�g�l�e�n�s�e�s�,�&�c�.�,

�c�o�m�p�l�e�t�e�;�i�n �b�o�x �.�. �. �. �. �. �. �1�1 �l�l �0
�1�3�9�6�A�M�i�c�r�o�s�c�o�p�e�a�d�a�p�t�e�d�t�o �t�h�e�a�b�o�v�e�L�a�n�t�e�r�n�s�,�a�t �£�2�2�:�.

�a�d�d�i�t�i�o�n�a�l�;�w�i�l�l �s�h�e�w�s�m�a�l�l�o�b�j�e�c�t�s�b�r�i�l�l�i�a�n�t�l�y�o�n�a �d�i�s�c
�4�-�f�t�.�d�i�a�m�e�t�e�r�.

�S�L�I�D�E�S�F�O�R�M�A�G�I�C�L�A�N�T�E�R�N�S�.

�1�3�9�7�L�a�r�g�e�s�i�z�e�b�e�s�t�S�l�i�d�e�s�,�c�o�m�i�c�a�n�d�h�u�m�o�r�o�u�s�s�u�b�j�e�c�t�s�;�i�n
�b�o�x �. �. �. �. �. �. �. �.�p�e�r�d�o�z�.�3�3�0�4�4�0

�1�3�9�8�1�7�-�i�n�c�h�d�i�t�t�o �d�i�t�t�o �2 �1�0 �0
�1�3�9�9�1�4�-�i�n�c�h�d�i�t�t�o �d�i�t�t�o �l �1�7 �6

�1�4�0�0�1�2�-�i�n�c�h�d�i�t�t�o �d�i�t�t�o �. �. �. �. �. �. �l �4 �0
�1�4�0�1�a �S�e�t�o�f �A�s�t�r�o�n�o�m�i�c�a�l�S�l�i�d�e�r�s�,�w�i�t�h �d�i�a�g�r�a�m�s�a�n�d

�t�e�l�e�s�c�o�p�i�c�v�i�e�w�s�o�f �t�h�e�m�o�o�n�,�p�l�a�n�e�t�s�,�c�o�m�e�t�s�,�&�c�.�,�f�o�r
�i�l�l�u�s�t�r�a�t�i�n�g�o�n�a�n�e�n�l�a�r�g�e�d�s�c�a�l�e�,�v�a�r�i�o�u�s�p�h�e�n�o�m�e�n�a�o�f
�a�s�t�r�o�n�o�m�y�,�w�i�t�h�b�o�o�k�o�f �d�e�s�c�r�i�p�t�i�o�n�.

�F�o�r�t�h�e�s�m�a�l�l�s�i�z�e�p�h�a�n�t�a�s�m�a�g�o�r�i�a�l�a�n�t�e�r�n �2 �1�0 �0
�1�4�0�2�D�i�t�t�o �d�i�t�t�o �f�o�r�t�h�e�s�e�c�o�n�d�s�i�z�e �. �. �3 �3 �0
�1�4�0�3�D�i�t�t�o �d�i�t�t�o �f�o�r�t�h�e�l�a�r�g�e�s�i�z�e �. �. �. �. �. �4 �4 �0



�1�2�4 �S�C�I�E�N�T�I�F�I�C�I�N�S�T�R�U�M�E�N�T�S�M�A�N�U�F�A�C�T�U�R�E�D�B�Y�N�E�G�R�E�T�T�I�&�Z�A�M�B�R�A�,

�1�4�0�4

�1�4�0�5
�1�4�0�6
�1�4�0�7

�1�4�0�8

�1�4�0�9

�1�4�1�0
�1�4�1�1

�1�4�1�2
�1�4�1�3

�1�4�1�4
�1�4�1�5
�1�4�1�6
�1�4�1�7

�1�4�1�8

�1�4�2�0

�1�4�2�1

�1�4�2�2
�1�4�2�3
�1�4�2�4
�1�4�2�5

�1�4�2�6

�1�4�2�7

�1�4�2�8
�1�4�2�9

�A�S�e�r�i�e�s�o�f �T�e�nû��n�e�l�y�p�a�i�n�t�e�d�A�s�t�r�o�n�o�m�i�c�a�l�D�i�s�,
�g�r�a�m�s�,�w�i�t�h�r�a�c�k�a�n�d�p�i�n�i�o�n�m�o�v�e�m�e�n�t�,�b�y�w�h�i�c�h�t�h�e
�i�m�a�g�e�s�p�r�o�d�u�c�e�d�a�r�e�m�a�d�e�t�o �r�e�v�o�l�v�e�,�s�o�a�s�t�o�i�l�l�u�s�t�r�a�t�e
�t�h�e �t�h�e�o�r�y�o�f �t�h�e �t�i�d�e�s�,�d�a�y�a�n�d�n�i�g�h�t�,�e�c�l�i�p�s�e�s�,�t�h�e
�r�o�t�u�n�d�i�t�y�o�f �t�h�e �e�a�r�t�h�,�&�c�.�, �&�c�.�; �i�n �m�a�h�o�g�a�n�y�c�a�s�e

�c�o�m�p�l�e�t�e�,�f�o�r�t�h�e�s�m�a�l�l�e�s�t�p�h�a�n�t�a�s�m�a�g�o�r�i�a�l�a�n�t�e�r�n�.
�D�i�t�t�o�,�f�o�r�t�h�e�m�i�d�d�l�e�s�i�z�e�p�h�a�n�t�a�s�m�a�g�o�r�i�a�l�a�n�t�e�r�n
�D�i�t�t�o�,�f�o�r�t�h�e�l�a�r�g�e�s�i�z�e�d�i�t�t�o �. �. �. �.
�S�e�t�s�o�f �N�a�t�u�r�a�l�H�i�s�t�o�r�y�S�l�i�d�e�s�,�c�o�n�s�i�s�t�i�n�g�o�f �c�o�r�r�e�c�t

�d�i�a�g�r�a�m�s�o�f�m�a�m�m�a�l�i�n�,�b�i�r�d�s�,û��s�h�e�s�,�r�e�p�t�i�l�e�s�,�i�n�s�e�c�t�s�,�&�c�.

�4�2�/�,
�G�e�o�l�o�g�i�c�a�l�S�l�i�d�e�s�,�s�h�e�w�i�n�g�t�h�e�e�a�r�t�h ��s�s�t�r�a�t�a�,�w�i�t�hû��g�u�r�e�s

�o�f �f�o�s�s�i�l�a�n�i�m�a�l�s�a�n�d�p�l�a�n�t�s �. �. �. �. �. �.
�S�e�t�o�f �S�l�i�d�e�s�o�f �t�h�e�K�i�n�g�s�a�n�d�Q�u�e�e�n�s�o�f �E�n�g�l�a�n�d�,

�f�r�o�m�W�i�l�l�i�a�m�t�h�e�F�i�r�s�t�t�o�V�i�c�t�o�r�i�a
�S�e�r�i�e�s�o�f �S�l�i�d�e�s�o�f�A�n�c�i�e�n�t�a�n�d�M�o�d�e�r�n�H�i�s�t�o�r�y
�D�i�t�t�o �d�i�t�t�o �S�c�r�i�p�t�u�r�e�h�i�s�t�o�r�y �. �. �. �.
�D�i�t�t�o �d�i�t�t�o �i�l�l�u�s�t�r�a�t�i�n�g�S�c�r�i�p�t�u�r�e�z�o�o�l�o�g�y�a�n�d�b�o�t�a�n�y
�D�i�t�t�o �d�i�t�t�o �v�i�e�w�s�o�f �p�l�a�c�e�s�a�n�d�m�o�u�n�t�a�i�n�s�m�e�n

�t�i�o�n�e�d�i�n�t�h�e�B�i�b�l�e �. �. �. �. �. �.
�D�i�t�t�o �d�i�t�t�o �m�a�n�n�e�r�s�a�n�d�c�u�s�t�o�m�s�o�f �t�h�e�C�h�i�n�e�s�e
�D�i�t�t�o �d�i�t�t�o �c�o�n�c�h�o�l�o�g�y�a�n�d�b�o�t�a�n�y
�P�o�r�t�r�a�i�t�s�o�f�C�e�l�e�b�r�a�t�e�d�I�n�d�i�v�i�d�u�a�l�s �. �f�r�o�m
�C�o�r�r�e�c�t�P�o�r�t�r�a�i�t�s�o�f �E�m�i�n�e�n�t�P�e�r�s�o�n�s�,�f�r�o�m�a�u�t�h�e�n�t�i�c

�p�h�o�t�o�g�r�a�p�h�s�,�&�e�. �. �. �. �. �. �. �f�r�o�m

�A�v�a�r�i�e�t�y�o�f �V�i�e�w�s�i�n �I�t�a�l�y�, �F�r�a�n�c�e�,�I�n�d�i�a�,�C�h�i�n�a�,
�E�n�g�l�a�n�d�,�&�c�. �. �. �. �. �. �f�r�o�m

�A�g�r�e�a�t�v�a�r�i�e�t�y�o�f�M�o�v�e�a�b�l�e�a�n�d�S�h�i�f�t�i�n�g�G�l�a�s�s�S�l�i�d�e�s�,
�w�i�t�h�a�d�i�v�e�r�s�i�t�y�o�f�c�o�m�i�c�s�u�b�j�e�c�t�s�,�b�y�w�h�i�c�h�t�h�e�m�a�g�n�iû��e�d
�i�m�a�g�e�s�o�n�t�h�e�s�c�r�e�e�n�a�p�p�e�a�r�t�o�h�a�v�e�l�i�f�e �a�n�d�m�o�t�i�o�n

�L�e�v�e�r�S�l�i�d�e�s�,�r�e�p�r�e�s�e�n�t�i�n�g�t�h�e �m�o�v�e�m�e�n�t�s�o�f �a�n�i�m�a�l�s�,
�b�i�r�d�s�,�&�c�.�,�s�u�c�h�a�s�a�s�w�a�n�o�r�s�t�a�g�d�r�i�n�k�i�n�g �. �.

�L�a�n�d�s�c�a�p�e�s�a�n�d�M�a�r�i�n�e�V�i�e�w�s�,�w�i�t�h�m�o�v�e�a�b�l�eû��g�u�r�e�s�,
�s�h�i�p�p�i�n�g�,�8�1�c�. �. �. �f�r�o�m

�A�r�t�iû��c�i�a�l�o�r �C�h�i�n�e�s�eû��r�e�w�o�r�k�s �. �p�e�r�s�e�t
�C�h�r�o�m�a�t�r�o�p�e�s�,�i�n �a �v�a�r�i�e�t�y�o�f �b�e�a�u�t�i�f�u�l�d�e�s�i�g�n�s �f�r�o�m
�D�i�t�t�o�,�s�m�a�l�l �. �. �. �. �. �.
�R�a�c�k�w�o�r�k�S�l�i�d�e�s�,�t�o �r�e�p�r�e�s�e�n�t�w�i�n�d�a�n�d�w�a�t�e�r�m�i�l�l�s�i�n

�m�o�t�i�o�n�o�n�t�h�e�s�c�r�e�e�n�,�b�e�s�t�p�a�i�n�t�i�n�g�s �. �. �.
�A�R�a�c�k�w�o�r�k�S�l�i�d�e�,�w�i�t�h�a�v�i�e�w�i�n �t�h�e�P�o�l�a�r�r�e�g�i�o�n�s�,�t�o

�s�h�e�w�t�h�e�a�u�r�o�r�a�b�o�r�e�a�l�i�s �. �. �w�i�t�h�v�i�e�w

�A�R�a�c�k�w�o�r�k�S�l�i�d�e�,�w�i�t�h�a�v�i�e�w�s�h�e�w�i�n�g�t�h�e�a�p�p�e�a�r�a�n�c�e
�o�f �a �r�a�i�n�b�o�w �. �. �. �. �. �. �f�r�o�m

�M�e�c�h�a�n�i�c�a�l�S�l�i�d�e�,�t�o�r�e�p�r�e�s�e�n�t�t�h�e�e�f�f�e�c�t�s�o�f�a�s�n�o�w�s�t�o�r�m
�I�m�p�r�o�v�e�d�O�x�y�d�a�t�i�n�g�L�a�m�p�G�l�a�s�s�e�s �p�e�r�d�o�z�.

�S�L�I�D�E�S�C�A�R�E�F�U�L�L�Y�P�A�I�N�T�E�D�B�B�O�M�D�R�A�W�I�N�G�S�,�E�T�C�.�,�T�O�O�R�D�E�R

�E�a�c�h�.
�£ �a�. �i
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�E�a�c�h�.
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�1�0�7�,�H�O�L�B�O�R�N�H�I�L�L�,�1�, �H�A�T�T�O�N�G�A�R�D�E�N�,�m�t�o�, �C�O�R�N�H�I�L�L�,�L�O�N�D�O�N�.�1�2�5

�I�M�P�R�O�V�E�D�A�P�P�A�R�A�T�U�S�F�O�R�E�X�H�I�B�I�T�I�N�G�T�H�E�D�I�S�S�O�L�V�I�N�G

�V�I�E�W�S�.

�F�1�0�.�1�4�3�0�.
� � 

�T�h�e�e�n�c�h�a�n�t�i�n�g�o�p�t�i�c�a�l�e�f�f�e�c�t�t�e�r�m�e�d�D�i�s�s�o�l�v�i�n�g�V�i�e�w�s�,�i�s �p�r�o�d�u�c�e�d�b�y�m�e�a�n�s�o�f �t�w�o

�p�h�a�n�t�a�s�m�a�g�o�r�i�a�l�a�n�t�e�r�n�s�,�s�o�a�r�r�a�n�g�e�d�o�n�a�s�t�a�n�d�t�h�a�t�t�h�e�c�e�n�t�r�e�o�f �t�h�e�d�i�s�c�s�o�r �p�i�c�t�u�r�e�s

�p�r�o�j�e�c�t�e�d�b�y�e�a�c�h�a�r�e�c�o�i�n�c�i�d�e�n�t�,�a�n�d�t�h�e�d�i�s�s�o�l�v�i�n�g�o�r�b�l�e�n�d�i�n�g�o�f �t�h�e�p�i�c�t�u�r�e�s�i�s �e�f�f�e�c�t�e�d

�b�y�a�c�o�n�t�r�i�v�a�n�c�e�i�n �f�r�o�n�t�o�f�t�h�e�t�w�o�l�a�n�t�e�r�n�s�,�w�h�i�c�h�g�r�a�d�u�a�l�l�y�s�h�u�t�s�o�f�f�t�h�e�i�m�a�g�e�t�h�r�o�w�n

�f�r�o�m�o�n�e�l�a�n�t�e�r�n�,�w�h�i�l�s�t�t�h�e�o�t�h�e�r�b�e�c�o�m�e�s�g�r�a�d�u�a�l�l�y�c�l�e�a�r�e�r�,�u�n�t�i�l �a�p�e�r�f�e�c�t�p�i�c�t�u�r�e�i�s

�s�e�e�n�o�n�t�h�e�d�i�s�c�; �a �f�r�e�s�h�p�i�c�t�u�r�e�b�e�i�n�g�p�u�t�i�n�t�o�t�h�e�d�a�r�k�e�n�e�d�l�a�n�t�e�r�n�,�t�h�e �a�c�t�i�o�n�i�s

�r�e�v�e�r�s�e�d�. �.
�E�a�c�h�. �E�a�c�h�.

�£ �8�. �(�1�. �£ �a�. �(�I�.
�1�4�3�0�D�i�s�s�o�l�v�i�n�g�V�i�e�w�A�p�p�a�r�a�t�u�s�,�a�d�a�p�t�e�d�f�o�r �p�a�r�l�o�u�r�u�s�e�,

�c�o�n�s�i�s�t�i�n�g�o�f �t�w�o�l�a�n�t�e�r�n�s�,�o�f �t�h�e�f�o�r�m�o�fû��g�.�1�4�3�0�,�w�i�t�h
�r�a�e�k�w�o�r�k�a�d�j�u�s�t�m�e�n�t�,�m�o�u�n�t�e�d�o�n�a�s�t�a�n�d�,�w�i�t�h�d�i�s�s�o�l�v�i�n�g
�a�p�p�a�r�a�t�u�s�.�I�n�t�h�i�s�a�r�r�a�n�g�e�m�e�n�t�,�t�h�e�v�i�e�w�s�a�r�e�e�x�h�i�b�i�t�e�d
�w�i�t�h�c�l�e�a�r�n�e�s�s�a�n�d�b�r�i�l�l�i�a�n�c�y�o�n�a�n�o�p�a�q�u�e�o�r�t�r�a�n�s�p�a�r�e�n�t
�s�c�r�e�e�n�,�1�0�-�f�e�e�t�d�i�a�m�e�t�e�r�,�b�y�i�m�p�r�o�v�e�d�f�o�u�n�t�a�i�n�a�n�d
�A�r�g�a�n�d�l�a�m�p�s�a�n�d�r�eû��e�c�t�o�r�s�.�I�t �i�s �s�i�m�p�l�e�i�n �u�s�e�,�a�n�d
�w�e�l�l�a�d�a�p�t�e�d�f�o�r�p�r�i�v�a�t�e�e�x�h�i�b�i�t�i�o�n �. �. �£�5�5�;�. �8 �8 �0 �1�0�1�0 �O

�M�e�s�s�r�s�.�N�e�g�r�e�t�t�i�a�n�d�Z�u�m�b�m�c�a�n�c�o�nû��d�e�n�t�l�y�r�e�c�o�m�m�e�n�d�t�h�e�A�p�p�a�r�a�t�u�s�a�t�£�i�0�: �1�0�3�.�,�a�s�b�e�i�n�g�o�f

�t�h�e�m�o�s�t�i�m�p�r�o�v�e�d�c�o�n�s�t�r�u�c�t�i�o�n�,�a�n�d�p�a�r�t�i�c�u�l�a�r�l�y�a�d�a�p�t�e�d�f�o�r �t�h�e �p�u�r�p�o�s�m�o�f �i�n�s�t�r�u�c�t�i�o�n�o�r

�a�m�u�s�e�m�e�n�t�,�w�h�e�r�e�t�h�e�e�x�p�e�n�s�e�o�f �t�h�e�o�x�y�-�h�y�d�r�o�g�e�n�o�r�n�a�y�-�c�a�l�c�i�u�m�c�a�n�n�o�t�b�e�u�n�d�e�r�t�a�k�e�n�.

�H�3�1�D�i�s�s�o�l�v�i�n�g�V�i�e�w�A�p�p�a�r�a�t�u�s�,û��t�t�e�d�w�i�t�h�O�z�z�y�-�C�a�l�c�i�u�m
�l�i�g�h�t�,�c�o�n�d�e�n�s�i�n�g�l�e�n�s�e�s�{�i�i�-�i�n�. �d�i�a�m�e�t�e�r�,�c�o�m�p�l�e�t�e�,�w�i�t�h
�a�p�p�a�r�a�t�u�s�. �. �. �. �. �. �. �. �. �1�7�1�0 �0

�i�4�3�2 �D�i�s�a�o�l�v�i�n�g�V�i�e�w�A�p�p�a�r�a�t�u�s�,û��t�t�e�d�w�i�t�h�O�z�z�y�-�C�a�l�c�i�u�m
�l�i�g�h�t�,�c�o�n�d�e�n�s�i�n�g�l�e�n�s�e�s�{�i�i�-�i�n�. �d�i�a�m�e�t�e�r�,�c�o�m�p�l�e�t�e�,�w�i�t�h
�a�p�p�a�r�a�t�u�s�. �_ �. �. �. �. �. �. �. �2�3�1�0 �0



�1�2�6 �S�C�I�E�N�T�I�F�I�C�I�N�S�T�R�U�M�E�N�T�S�M�A�N�U�F�A�C�T�U�R�E�D�B�Y�N�E�G�R�E�T�T�I�&�Z�Z�A�M�B�R�A�.

�F�m�.�1�4�3�3�.

� � 

�4�:�"�.

�,  ��l �~
�h�m�i�i�i�l ��l �M�l ��i�,

� � 

� � 
�(�I�,�, �h�f �  � �'

�1�4�3�3�D�i�s�s�o�l�v�i�n�g�V�i�e�w�A�p�p�a�r�a�t�u�s�,�i�l�l�u�m�i�n�a�t�e�d�b�y�t�h�e�O�x�y�.
�H�y�d�r�o�g�e�n�L�i�m�e�L�i�g�h�t�,�g�i�v�i�n�g�a �d�i�s�t�i�n�c�t�i�m�a�g�e�o�n�t�h�e
�d�i�s�c�,�2�0�-�f�e�e�t�d�i�a�m�e�t�e�r�;�c�o�n�s�i�s�t�s�o�f�t�w�o�m�a�h�o�g�a�n�y�l�a�n�t�e�r�n�s�,
�w�i�t�h�b�e�s�t�c�o�n�d�e�n�s�i�n�g�l�e�n�s�e�s�,�4�-�i�n�c�h�c�s�d�i�a�m�e�t�e�r�,�j�a�p�a�n�n�e�d

�t�o�p�s�,�b�r�a�s�s�f�r�o�n�t�s�,�w�i�t�h�a�d�j�u�s�t�i�n�g�t�u�b�e�s�a�n�d�s�l�i�d�e�h�o�l�d�e�r�s�,
�m�o�u�n�t�e�d�o�n�s�t�a�n�d�,�w�i�t�h�t�r�i�p�o�d�l�e�g�s�, �a�n�d�d�i�s�s�o�l�v�i�n�g
�a�p�p�a�r�a�t�u�s ��t�w�o�i�m�p�r�o�v�e�d�s�a�f�e�t�y�o�x�y�-�h�y�d�r�o�g�e�n�j�e�t�s�a�n�d
�l�i�m�e�h�o�l�d�e�r�s�,û��e�x�i�b�l�e�c�o�n�n�e�c�t�i�n�g�t�u�b�e�s�,�w�i�t�h�s�t�o�p�-�c�o�c�k�s�,
�u�n�i�o�n�s�a�n�d�f�e�r�r�u�l�e�s�;�t�w�o�c�a�o�u�t�c�h�o�u�c�g�a�s�b�a�g�s�,�w�i�t�h
�p�r�e�s�s�u�r�e�b�o�a�r�d�s�a�n�d�w�e�i�g�h�t�s�;�h�y�d�r�o�g�e�n�g�e�n�e�r�a�t�o�r�a�n�d
�p�u�r�iû��e�r�;�c�o�p�p�e�r�r�e�t�o�r�t�a�n�d�c�o�n�d�u�c�t�i�n�g�t�u�b�e�s�,�&�c�.�,
�c�o�m�p�l�e�t�e�(û��g�.�1�4�3�3�) �. �. �. �. �. �a

�1�4�3�4�D�i�t�t�o �d�i�t�t�o �w�i�t�h�6�-�i�n�c�h�c�o�n�d�e�n�s�e�r�s
�1�4�3�5�D�i�t�t�o �d�i�t�t�o �w�i�t�h �9�-�i�n�c�h�c�o�n�d�e�n�s�e�r�s�,

�w�o�r�k�m�o�v�e�m�e�n�t�t�o �l�i�m�e�h�o�l�d�e�r
�a�n�d�c�l�o�c�k

� � 

�S�L�I�D�E�S�F�O�R�D�I�S�S�O�L�V�I�N�G�V�I�E�W�A�P�P�A�R�A�T�U�S�.

�1�4�3�6�A�n�e�x�t�e�n�s�i�v�e�S�t�o�c�k�o�f �T�r�a�n�s�p�a�r�e�n�t�a�n�d�D�i�c�h
�S�c�e�n�e�s�,�a�d�a�p�t�e�d�f�o�r �t�h�e�d�i�s�s�o�l�v�i�n�g�v�i�e�w�a�p�p�a�r�a�t�u�s�: �
�v�i�e�w�s�i�n �t�h�e�H�o�l�y�L�a�n�d�,�E�g�y�p�t�,�C�h�i�n�a�,�E�u�r�o�p�e�,�E�n�g�l�a�n�d�,
�&�c�.�; �p�u�b�l�i�c�b�u�i�l�d�i�n�g�s�,�i�n�t�e�r�i�o�r�a�n�d�e�x�t�e�r�i�o�r�;�s�u�m�m�e�r�,
�w�i�n�t�e�r�,�d�a�y�,�n�i�g�h�t�,�o�r �m�o�o�n�l�i�g�h�t�e�f�f�e�c�t�s�,�a�n�d�a�n�e�n�d�l�e�s�s

�v�a�r�i�e�t�y�o�f�s�u�b�j�e�c�t�s �. �. �. �. �8�]�,

�E�a�c�h�. �E�a�c�h�.
�.�6 �s�. �1�1 �.�6 �s�. �d�.

�4�0 �0 �0

�6�0 �O �0

�8�5 �0 �0

�0 �1�0 �O �1 �5 �0

�T�h�e�s�e�p�a�i�n�t�i�n�g�s�d�i�n�'�e�r�m�a�t�e�r�i�a�l�l�y�f�r�o�m�t�h�e�c�o�m�m�o�n�m�a�g�i�c�l�a�n�t�e�r�n�s�l�i�d�e�s�,�r�e�q�u�i�r�i�n�gû��r�s�t�-�r�a�t�e�a�r�t�i�s�t�i�c

�t�a�l�e�n�t�t�o �m�a�k�e�t�h�e�m�e�f�f�e�c�t�i�v�e�,�a�s�,�o�w�i�n�g�t�o �t�h�e�i�n�t�e�n�s�i�t�y�o�r �t�h�e�l�i�g�h�t�, �t�h�e�s�l�i�g�h�t�e�s�t�d�e�f�e�c�t�i�s
�d�e�v�e�l�o�p�e�d�.�T�h�e�y�t�h�e�r�e�f�o�r�e�r�e�q�u�i�r�e�t�h�e�m�o�s�t�s�c�r�u�p�u�l�o�u�s�c�a�r�e�w�i�t�h�r�e�g�a�r�d�t�o �t�h�e�m�i�n�u�t�e�s�t�d�e�t�a�i�L�-�i�.

�S�u�b�j�e�c�t�s�m�a�y�b�e�p�a�i�n�t�e�d�t�o�s�u�i�t�t�h�e�t�a�s�t�e�o�r�v�i�e�w�o�f �t�h�e�p�u�r�c�h�a�s�e�r�,�a�n�d�c�o�n�s�i�s�t�o�f�l�a�n�d�s�c�a�p�e�s�c�e�n�e�s�.
�i�n�t�e�r�i�o�r�a�n�d�e�x�t�e�r�i�o�r�o�f�p�u�b�l�i�c�b�u�i�l�d�i�n�g�s�.�&�c�.�,�v�a�r�y�i�n�g�i�n �p�r�i�c�e�a�c�c�o�r�d�i�n�g�t�o �t�h�e�s�u�b�j�e�c�t�a�n�d�s�i�z�e
�o�f �t�h�e�p�a�i�n�t�i�n�g�.�T�h�e�d�i�o�r�a�m�i�c�e�f�f�e�c�t�s�a�r�e�p�r�o�d�u�c�e�d�b�y�a�s�e�r�i�e�s�o�f�p�a�i�n�t�i�n�g�s�,�t�w�o�t�o�s�i�x�i�n �a�s�e�r�i�e�s�.
�T�h�e�o�i�i�'�e�c�t�o�f �t�h�e�s�e�i�s �e�x�c�e�e�d�i�n�g�l�y�p�l�e�a�s�i�n�g�,�s�u�c�h�a�s�e�x�h�i�b�i�t�i�n�g�t�h�e�i�n�t�e�r�i�o�r�o�f �a �c�a�t�h�e�d�r�a�l�b�y

�m�o�o�n�l�i�g�h�t�;�m�o�r�n�i�n�g�g�r�a�d�u�a�l�l�y�d�a�w�n�s�,�s�h�o�w�i�n�g�t�h�e�a�i�s�l�e�s�t�i�l�l�e�d �w�i�t�h�a �c�o�n�g�r�e�g�a�t�i�o�n�.�A�l�s�o�,�a
�s�u�m�m�e�r�l�a�n�d�s�c�a�p�e�c�h�a�n�g�i�n�g�t�o �a�s�t�o�r�m�,�w�i�t�h�m�i�n�a�n�d�l�i�g�h�t�n�i�n�g�;�t�h�i�s�c�l�e�a�r�s�a�w�a�y�,�d�e�v�e�l�o�p�i�n�g�a

�r�a�i�n�b�o�w�,�a�n�d�t�e�r�m�i�n�a�t�e�s�b�y�w�i�n�t�e�r�,�w�i�t�h�i�t�s �u�s�u�a�l�a�c�c�o�m�p�a�n�i�m�e�n�t�s�o�f�s�n�o�w�,�&�c�.



�1�0�7�,�H�O�L�B�O�R�N�H�I�L�L�,�1�, �H�A�T�T�O�N�G�A�R�D�E�N�,�m�a�s�, �C�O�R�N�H�I�L�L�,�L�O�N�D�O�N�.�1�2�7

�E�d�c�h�. �E�a�c�h�.
�.�6 �s�. �:�1�7 �£ �a�. �d�.

�1�4�3�7�T�r�a�n�s�p�a�r�e�n�t�P�h�o�t�o�g�r�a�p�h�i�c�V�i�e�w�s�o�f �v�a�r�i�o�u�s�P�l�a�c�e�s�,
�f�o�r�e�i�t�h�e�r�m�a�g�i�c�l�a�n�t�e�r�n�s�o�r�d�i�s�s�o�l�v�i�n�g�v�i�e�w�s�. �. �f�r�o�m �O �5 �0

�T�h�i�s�b�e�a�u�t�i�f�u�l�a�d�a�p�t�a�t�i�o�n�o�f �p�h�o�t�o�g�r�a�p�h�y�t�o�t�h�e�m�a�g�i�c�l�a�n�t�e�r�n�i�s �o�n�e�o�f�t�h�e�w�o�n�d�e�r�s�o�f�t�h�e�p�r�e�s�e�n�t
�d�a�y�. �H�o�w�e�v�e�r�m�i�n�u�t�e�t�h�e�p�i�c�t�u�r�e�,�a�n�d�h�o�w�e�v�e�r�i�n�t�r�i�c�a�t�e�i�n �d�e�t�a�i�l�,�t�h�e�y�w�i�l�l �h�e�a�r�t�h�e�u�t�m�o�s�t

�m�a�g�n�i�f�y�i�n�g�p�o�w�e�r�t�h�a�t�c�a�n�b�e�u�s�e�d�,�w�i�t�h�o�u�t�d�i�m�i�n�i�s�h�i�n�g�i�n �b�e�a�u�t�y�,�a�s�i�s �t�h�e�c�a�s�e�w�i�t�h�a�l�l �t�h�e

�p�a�l�n�t�e�r�'�s�p�r�o�d�u�c�t�i�o�n�s�,�w�h�i�c�h�,�a�l�t�h�o�u�i�n�b�e�a�u�t�i�m�l�,�s�u�i�i ��e�r�i�n �c�o�m�p�a�r�i�s�o�n�w�i�t�h�t�h�e�s�e�s�u�n�p�a�i�n�t�i�n�g�s�.

�M�e�s�s�r�s�.�N�e�g�r�e�t�t�i�a�n�d�Z�a�m�h�r�a�w�o�u�l�d�r�e�f�e�r�t�o�t�h�e�i�r�S�e�r�i�e�s�o�f �P�h�o�t�o�g�r�a�p�h�i�c�V�i�e�w�s�o�f�t�h�e�H�o�l�y�L�a�n�d
�a�n�d�E�g�y�p�t�,�i�n �e�m�i�n�e�n�t�l�y�a�d�a�p�t�e�d�f�o�r�i�l�l�u�s�t�r�a�t�i�n�g�l�e�c�t�u�r�e�s�.

�i�4�3�8 �O�p�a�q�u�e�S�c�r�e�e�n�s�o�f �O�i�l �C�l�o�t�h�,�f�r�o�m�3�t�o�9 �y�a�r�d�s�s�q�u�a�r�e�.
�1�4�3�9�T�r�a�n�s�p�a�r�e�n�t�S�c�r�e�e�n�s�o�f �a�l�l �s�i�z�e�s�,�b�y�m�e�a�n�s�o�f�w�h�i�c�h�a

�a�m�u�c�h�b�r�i�g�h�t�e�r�a�n�d�c�l�e�a�r�e�r�i�m�a�g�e�i�s �o�b�t�a�i�n�e�d �
�S�-�i�t�.�s�q�u�a�r�e�,�1�6�!�.�- �1�2�-�f�t�.�s�q�u�a�r�e�,�2�3�/�. �2�0�-�f�t�.�s�q�u�a�r�e�,�8�0�]�.

�O�X�Y�-�H�Y�D�R�O�G�E�N�G�A�S�M�I�C�R�O�S�C�O�P�E�S�,�P�O�L�A�R�I�S�I�N�G�A�P�P�A�R�A�T�U�S�,�&�c�.

�1�4�4�0�I�m�p�r�o�v�e�d�P�o�r�t�a�b�l�e�H�y�d�r�o�-�o�x�y�g�e�n�G�a�s�M�i�c�r�o�s�c�o�p�e
�(û��g�.�1�4�4�0�)�.�T�h�i�s�f�o�r�m�o�f �t�h�e�i�n�s�t�r�u�m�e�n�t�h�a�s�r�e�m�o�v�e�d
�m�a�n�y�s�e�r�i�o�u�s�i�m�l�i�i�l�i�r�f�e�c�t�i�o�n�s�o�f �p�r�e�v�i�o�u�s�c�o�n�s�t�r�u�c�t�i�o�n�s�,
�v�i�z�.�,�u�n�w�i�e�l�d�l�y�b�u �a�n�d�w�e�i�g�h�t�,�d�eû��c�i�e�n�c�y�o�f�l�i�g�h�t�a�n�d
�d�eû��n�i�t�i�o�n�i�n �t�h�e�h�i�g�h�m�a�g�n�i�f�y�i�n�g�p�o�w�e�r�s�,�w�a�n�t�o�f �u�n�i

�f�o�r�m�i�t�y�o�f�l�i�g�h�t�o�n�t�h�e�d�i�s�c�,�i�n�s�e�c�u�r�i�t�y�i�n �t�h�e�b�l�o�w�p�i�p�e�,
�i�n�c�o�n�v�e�n�i�e�n�t�a�n�d�d�a�n�g�e�r�o�u�s�p�o�s�i�t�i�o�n�o�f�t�h�e�g�a�s�b�a�g�s�,�r�e�n

�d�e�r�i�n�g�t�h�e�m�l�i�a�b�l�e�t�o�c�o�m�m�u�n�i�c�a�t�e�a�n�d�e�x�p�l�o�d�e�.�T�h�e�s�e
�a�r�e�r�e�m�o�v�e�d�b�e�y�o�n�d�t�h�e�p�o�s�s�i�b�i�l�i�t�y�o�f �c�o�m�m�i�x�t�u�r�e�,�o�r
�m�a�y�b�e�p�l�a�c�e�d�u�n�d�e�r�l�o�c�k�a�n�d�k�e�y�i�n �a�s�e�p�a�r�a�t�e�r�o�o�m�,
�d�u�r�i�n�g�t�h�e�e�x�h�i�b�i�t�i�o�n�o�f�t�h�e�i�n�s�t�r�u�m�e�n�t�.�T�h�e�m�i�c�r�o�s�c�o�p�e
�i�s �f�u�r�n�i�s�h�e�d�w�i�t�h�o�n�e�l�o�w�p�o�w�e�r�f�o�r �s�h�o�w�i�n�g�f�u�l�l�-�s�i�z�e�d
�o�b�j�e�c�t�s�,�s�u�c�h�a�s�e�n�t�i�r�e�b�u�t�t�e�rû��i�e�s�;�a�s�e�c�o�n�d�m�a�g�n�i�f�y�i�n�g
�p�o�w�e�r�f�o�r �l�i�v�i�n�g�a�q�u�a�t�i�c�i�n�s�e�c�t�s�,�s�u�c�h�a�s�t�h�e �s�k�e�l�e�t�o�n
�l�a�r�v�a�,�g�l�o�b�e�i�n�s�e�c�t�;�a�n�d�a�. �t�h�i�r�d�h�i�g�h�p�o�w�e�r�f�o�r �s�m�a�l�l�e�r
�o�b�j�e�c�t�s�,�s�u�c�h�a�s�t�h�e�d�u�s�t�o�f �m�o�t�h�s ��w�i�n�g�s�,�&�c�. �T�h�e
�w�h�o�l�e�a�p�p�a�r�a�t�u�s�c�o�m�p�l�e�t�e�w�i�t�h�e�v�e�r�y�r�e�q�u�i�s�i�t�e�f�o�r �p�r�e
�p�a�r�i�n�g�,�p�u�r�i�f�y�i�n�g�a�n�d�r�e�t�a�i�n�i�n�g�t�h�e�g�a�s�e�s �. �. �. �3�5 �0 �0

�T�h�i�s�m�i�c�r�o�s�c�o�p�e�i�s �c�a�p�a�b�l�e�o�f�s�h�o�w�i�n�g�o�b�j�e�c�t�s�,�m�a�g�n�iû��e�d�o�n�a�d�i�s�c�,�f�r�o�m
�t�w�o�t�h�o�u�s�a�n�d�t�o�t�w�o�m�i�l�l�i�o�n�t�i�m�e�s�.

�1�4�4�1�T�h�e�m�i�c�r�o�s�c�o�p�e�o�n�l�y�,�e�x�c�l�u�s�i�v�e�o�f �o�t�h�e�r�a�p�p�a�r�a�t�u�s�,�s�m�a�l�l
�s�i�z�e �. �.�1�5�0�0�2�1�0�0

�1�4�4�2�O�x�y�-�h�y�d�r�o�g�e�n�M�i�c�r�o�s�c�o�p�e�s�,û��t�t�e�d�o�n�a�l�a�r�g�e�r�S�c�a�l�e�,�W�i�t�h
�c�l�o�c�k�w�o�r�k�m�o�t�i�o�n�t�o�t�h�e�l�i�m�e�h�o�l�d�e�r�s�. �. �. �. �5�0 �0 �0 �1�0�0 �0 �0

�1�4�4�3�M�i�c�r�o�s�c�o�p�e�sû��t�t�e�d�t�o�t�h�e�d�i�s�s�o�l�v�i�n�g�v�i�e�w�a�p�p�a�r�a�t�u�s�,�f�r�o�m �1�5 �0 �0
�1�4�4�4�P�o�l�a�r�i�s�c�o�p�e�,�t�o �a�t�t�a�c�h�t�o �c�o�n�d�e�n�s�i�n�g�l�e�n�s�e�s�o�f �t�h�e�o�x�y

�b�y�d�r�o�g�e�n�m�i�c�r�o�s�c�o�p�e�(û��g�.�1�4�4�4�)�.�T�h�e�p�o�l�a�r�i�s�c�o�p�e�h�a�s
�a�. �m�o�v�e�s�b�l�e�c�a�p�,�w�h�i�c�h�g�i�v�e�s�g�r�e�a�t�f�a�c�i�l�i�t�y�b�o�t�h�f�o�r �a�d
�j�u�s�t�i�n�g�a�n�d�c�l�e�a�n�i�n�g�t�h�e �t�h�i�n�p�o�l�a�r�i�s�i�n�g�g�l�a�s�s�p�l�a�t�e�s�.
�T�h�e�a�n�a�l�y�s�i�n�g�p�l�a�t�e�s�o�f�g�l�a�s�s�a�r�e�e�a�s�i�l�y�r�e�m�o�v�e�d�,�a�n�d
�h�a�v�e�p�e�r�f�e�c�t�f�r�e�e�d�o�m�o�f �m�o�t�i�o�n�,�h�o�r�i�z�o�n�t�a�l�l�y�a�n�d�v�e�r
�t�i�c�a�l�l�y�, �a�n�d�t�h�e �o�b�j�e�c�t�h�o�l�d�e�r�h�a�s�a û��n�e�r�a�c�k�-�w�o�r�k
�a�d�j�u�s�t�m�e�n�t�. �. �. �. �. �. �. �. �. �8 �8 �0 �1�2�1�2 �0



�1�2�8 �S�C�I�E�N�T�I�F�I�C�I�N�S�T�R�U�M�E�N�T�S�M�A�N�U�F�A�C�T�U�R�E�D�B�Y�N�E�G�R�E�T�T�I�6�'�.�- �Z�A�M�B�R�A�,

�1�4�5�1

�1�4�5�2

�1�4�5�3

�1�4�5�4

�F�1�0�.�1�4�4�0�.

� 

�E�x�t�e�n�s�i�v�e�a�s�s�o�r�t�m�e�n�t�o�f �L�a�r�g�e�O�b�j�e�c�t�s�,�p�r�e�p�a�r�e�d�i�n
�C�a�n�a�d�a�b�a�l�s�a�m�f�o�r�t�h�e�g�a�s�m�i�c�r�o�s�c�o�p�e�.

�L�i�m�e�B�a�l�l�s�f�o�r�o�x�y�-�c�a�l�c�i�u�m�l�i�g�h�t�,�i�n �b�o�t�t�l�e�s �p�e�r�d�o�z�.

�L�i�m�e�C�y�l�i�n�d�e�r�s�,�b�e�s�t�q�u�a�l�i�t�y�,�i�n �b�o�t�t�l�e�s�. �. �,�,

�I�n�d�i�a�R�u�b�b�e�r�o�r �C�a�o�u�t�c�h�o�u�c�C�l�o�t�h�G�a�s�B�a�g�s�,�f�o�r�c�o�n
�t�a�i�n�i�n�g�t�h�e�g�a�s�e�s�,�w�i�t�h�s�t�o�p�-�c�o�c�k�a�n�d�u�n�i�o�n�j�o�i�n�t�s�. �f�r�o�m

�P�r�e�s�s�u�r�e�B�o�a�r�d�s�,�w�i�t�h�s�t�o�u�t�h�i�n�g�e�s�a�n�d�f�o�l�d�i�n�gû��a�p�,�f�o�r
�h�o�l�d�i�n�g�t�h�e�w�e�i�g�h�t�s�t�h�a�t�f�o�r�c�e�t�h�e�g�a�s�f�r�o�m�t�h�e�b�a�g�,�f�r�o�m

�I�m�p�r�o�v�e�d�H�y�d�r�o�g�e�n�G�e�n�e�r�a�t�o�r�a�n�d�P�u�r�iû��e�r�.�A�c�o�n
�v�e�n�i�e�n�t�a�p�p�a�r�a�t�u�s�f�o�r�t�h�e�m�a�k�i�n�g�h�y�d�r�o�g�e�n�g�a�s �. �f�r�o�m

�C�o�p�p�e�r�o�r �I�r�o�n�R�e�t�o�r�t�,�w�i�t�h�b�r�a�s�s�u�n�i�o�n�j�o�i�n�t�,�a�n�dû��e�x
�i�b�l�e�t�u�b�e�t�o�c�o�n�n�e�c�t�w�i�t�h�t�h�e�g�a�s�b�a�g �. �.

�G�l�a�s�s�W�a�t�e�r�T�r�o�u�g�h�s�,�w�i�t�h�p�a�r�a�l�l�e�l�s�i�d�e�s�f�o�r �e�x�h�i�b�i�t�i�n�g
�l�i�v�i�n�g�a�n�i�m�a�l�c�u�l�m�,�a�l�s�o�t�h�e�d�e�c�o�m�p�o�s�i�t�i�o�n�o�f �w�a�t�e�r�b�y
�v�o�l�t�a�i�c�a�c�t�i�o�n�,�&�c�. �. �'�. �. �. �. �. �.

�A�p�p�a�r�a�t�u�s�f�o�r�s�h�o�w�i�n�g�t�h�e�f�o�r�m�a�t�i�o�n�o�f �m�a�g�n�e�t�i�c�c�u�r�v�e�s
�b�y�i�r�o�nû��l�i�n�g�s�o�n�t�h�e�p�o�l�e�s�o�f �a�h�o�r�s�e�-�s�h�o�e�m�a�g�n�e�t

�C�l�o�c�k�w�o�r�k�M�o�v�e�m�e�n�t�a�d�a�p�t�e�d�t�o �t�h�e�l�i�m�e�h�o�l�d�e�r�,�f�o�r
�k�e�e�p�i�n�g�t�h�e�l�i�m�e�c�y�l�i�n�d�e�r�s�l�o�w�l�y�r�e�v�o�l�v�i�n�g�,�a�n�d�e�x�p�o�s�i�n�g
�a�f�r�e�s�h�s�u�r�f�a�c�e�t�o �t�h�e�a�c�t�i�o�n�o�f�t�h�e�g�a�s�e�s

�B�l�a�c�k�O�x�i�d�e�o�f �M�a�n�g�a�n�e�s�e �. �.
�C�h�l�o�r�a�t�e�o�f �P�o�t�a�s�h �. �. �. �. �. �,�,

�S�u�l�p�h�u�r�i�c�A�c�i�d �. �. �_ �v �. �. �.�.

�G�r�a�n�u�l�a�t�e�d�Z�i�n�c �. �. �. �. �. �. �,�,
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�E�a�c�h�.

�£ �8�.

� � 

�(�1�.
�E�a�c�h�.

�£ �.�9�.

�O�C�O�Q�Q �C�O�N�G�O�)

�d�.

�O�b�bû��u�o



�1�0�1�,�H�O�L�B�O�R�N�H�I�L�L�,�1�, �H�A�T�T�O�N�G�A�R�D�E�N�,�a�r�m�5�9�,�c�o�n�u�n�a�n�L�O�N�D�O�N�.�1�2�9

�1�4�5�9

�1�4�6�0

�1�4�6�1

�1�4�6�2

�1�4�6�3

�1�4�6�4

�1�4�6�5

�1�4�6�6

�1�4�6�8
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�1�4�7�0
�1�4�7�1
�1�4�7�2

�1�4�7�3
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�P�O�L�A�R�I�S�C�O�P�E�S�A�N�D�P�O�L�A�R�I�S�I�N�G�A�P�P�A�R�A�T�U�S�.

�T�o�n�r�m�a�l�i�n�e�P�o�l�a�r�i�s�c�o�p�e�,�e�l�e�m�e�n�t�a�r�y�f�o�r�m ��t�w�o�p�l�a�t�e�s�o�f
�t�o�u�r�m�a�l�i�n�e�a�r�r�a�n�g�e�d�i�n �s�p�r�i�n�g�w�i�r�e�f�o�r�c�e�p�s�f�o�r �h�o�l�d�i�n�g
�a�n�y�o�b�j�e�c�t�t�o �b�e�e�x�a�m�i�n�e�d�b�e�t�w�e�e�n�t�h�e�m �. �.

�R�eû��e�c�t�i�n�g�P�o�l�a�r�i�s�c�o�p�e�,�W�i�t�h�p�o�l�a�r�i�s�i�n�g�a�n�d�a�n�a�l�y�s�i�n�g
�b�u�n�d�l�e�s�o�f�c�r�o�w�n�g�l�s�s�s�,�m�o�u�n�t�e�d�i�n �c�o�n�v�e�n�i�e�n�t�a�n�dû��r�m
�b�r�a�s�s�s�t�a�n�d�,�w�i�t�h�r�e�v�o�l�v�i�n�g�o�b�j�e�c�t�h�o�l�d�e�r�o�r�s�t�a�g�e�.

�D�i�t�t�o �d�i�t�t�o �c�o�m�p�l�e�t�e�w�i�t�h �t�o�u�r�m�a�l�i�n�e�,�p�l�a�t�e �o�f

�s�e�l�e�n�i�t�e�o�f �u�n�i�f�o�r�m�t�h�i�c�k�n�e�s�s�,�d�o�u�b�l�e�i�m�a�g�e�p�r�i�s�m�,�b�r�a�s�s
�f�r�a�m�e�f�o�r�s�h�o�w�i�n�g�p�o�l�a�r�i�s�i�n�g�s�t�r�u�c�t�u�r�e�p�r�o�d�u�c�e�d�b�y�u�n
�e�q�u�a�l�p�r�e�s�s�u�r�e�i�n�a�p�i�e�c�e�o�f�a�n�n�e�a�l�e�d�g�l�a�s�s�,�w�i�t�h�d�i�a�p�h�r�a�g�m

�o�f �g�r�e�y�e�d�g�l�a�s�s�,�&�c�. �. �_ �. �. �. �. �.
�B�i�o�t ��s�B�l�a�c�k�M�i�r�r�o�r�P�o�l�a�r�i�s�c�o�p�e�,�w�i�t�h�g�r�a�d�u�a�t�e�d�h�o�r�i

�z�o�n�t�a�l�c�i�r�c�l�e�a�n�d�s�p�r�i�n�g�s�t�a�g�e �. �. �. �. �.
�D�u�b�o�s�c�S�o�l�e�i�l ��s�P�o�l�m�'�i�s�c�o�p�e�,�f�o�r �e�s�t�i�m�a�t�i�n�g�t�h�e�v�a�l�u�e�o�f

�s�a�c�c�h�a�r�i�n�eû��u�i�d�s�,�&�c�. �. �. �. �. �. �. �.
�L�e�C�o�u�n�t�'�s�M�i�r�r�o�r�P�o�l�a�r�i�s�c�o�p�e�,�w�i�t�h�d�i�s�p�e�r�s�i�n�g�p�l�a�t�e�,

�s�p�r�i�n�g�f�a�s�t�e�n�i�n�g�a�n�d�b�e�s�tû��i�n�t�g�l�a�s�s �. �. �.
�I�m�p�r�o�v�e�d�T�o�u�r�m�a�l�i�n�e�P�o�l�a�r�i�s�c�o�p�e�,�m�o�u�n�t�e�d�i�n �a �f�r�a�m�e�,

�w�i�t�h�a �r�e�v�o�l�v�i�n�g�w�h�e�e�l�c�a�r�r�y�i�n�g�a �s�e�r�i�e�s�o�f �c�r�y�s�t�a�l�s�,
�w�h�i�c�h�m�a�y�b�e�s�u�c�c�e�s�s�i�v�e�l�y�b�r�o�u�g�h�t�b�e�t�w�e�e�n�t�h�e�t�o�u�r�m�a
�l�i�n�e�s�;�e�a�c�h�o�f �t�h�e�l�a�t�t�e�r�c�a�n�b�e�m�a�d�e�t�o �r�e�v�o�l�v�e�i�n�I�i�t�s

�o�w�n�p�l�a�n�e�,�a�n�d�t�h�u�s�p�l�a�c�e�t�h�e�i�r�a�x�e�s�p�a�r�a�l�l�e�l�o�r �p�e�r
�p�e�n�d�i�c�u�l�a�r�t�o �e�a�c�h�o�t�h�e�r�a�t �p�l�e�a�s�u�r�e�,�a�n�d�v�a�r�y�t�h�e
�p�h�e�n�o�m�e�n�a�o�f �e�a�c�h�c�r�y�s�t�a�l �. �. �. �. �. �. �.

�D�o�u�b�l�e�I�m�a�g�e�P�r�i�s�m�,�s�e�l�e�n�i�t�c�d�i�s�c�o�f�e�q�u�a�l�t�h�i�c�k�n�e�s�s�,�a�n�d
�t�h�r�e�e�-�h�o�l�e�s�l�i�d�e�r�f�o�r�d�i�t�t�o�,�f�o�r�s�h�o�w�i�n�g�t�h�e�p�r�o�d�u�c�t�i�o�n�o�f
�w�h�i�t�e�l�i�g�h�t�b�y�t�h�e�u�n�i�o�n�o�f�t�h�e�c�o�m�p�l�i�m�e�n�t�a�r�y�c�o�l�o�u�r�s�.

�B�r�a�s�s�F�r�a�m�e�,�f�o�r �s�h�o�w�i�n�g�t�h�e �t�r�a�n�s�i�e�n�t�p�o�l�a�r�i�z�i�n�g
�s�t�r�u�c�t�u�r�e�c�o�m�m�u�n�i�c�a�t�e�d�b�y �p�r�e�s�s�u�r�e�t�o �a �p�i�e�c�e�o�f

�a�n�n�e�a�l�e�d�g�l�a�s�s �. �. �. �. �. �. �. �.
�A�p�p�a�r�a�t�u�s�f�o�r �s�h�o�w�i�n�g�t�h�e�s�a�m�e�e�f�f�e�c�t�b�y�t�h�e �u�n�e�q�u�a�l

�a�p�p�l�i�c�a�t�i�o�n�o�f �h�e�a�t �. �. �. �. �. �. �.

�P�o�l�a�r�i�z�i�n�g�E�y�e�-�p�i�e�c�e�o�f �t�h�i�n �p�l�a�t�e�s�o�f �g�l�a�s�s�,�i�n �b�r�a�s�s
�c�a�s�e�s �. �. �. �. �. �. �. �3�/�,

�N�i�c�o�l ��s�S�i�n�g�l�e�I�m�a�g�e�C�a�l�e�S�p�a�r�P�r�i�s�m �. �1�2�]�, �1�5�/�,
�N�i�c�o�l ��s�D�o�u�b�l�e�I�m�a�g�e�P�r�i�s�m�o�f �C�a�l�c�S�p�a�r�. �.
�T�o�u�r�m�a�l�i�n�e�s�o�f �v�a�r�i�o�u�s�s�i�z�e�s�a�n�d�c�o�l�o�u�r�s �. �5�/�,

�A�r�t�iû��c�i�a�l�T�o�u�r�m�a�l�i�n�e�s �. �. �2�/�6�,
�U�n�a�n�n�e�a�l�e�d�G�l�a�s�s�o�f �v�a�r�i�o�u�s�s�h�a�p�e�s�,�f�o�r �s�h�o�w�i�n�g�t�h�e

�p�e�r�m�a�n�e�n�t�p�o�l�a�r�i�z�i�n�g�s�t�r�u�c�t�u�r�e�o�f �g�l�a�s�s�t�h�a�t�h�a�s�b�e�e�n

�u�n�i�f�o�m�e�h�e�a�t�e�d�a�n�d�s�u�d�d�e�n�l�y�c�o�o�l�e�d�. �. �.
�T�h�i�n�S�e�l�e�n�i�t�e�P�l�a�t�e�o�f�e�q�u�a�l�t�h�i�c�k�n�e�s�s�,�d�e�v�e�l�o�p�i�n�g

�f�o�r�m�c�o�l�o�u�r �. �. �. �. �.
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�1�3�0 �S�C�I�E�N�T�I�F�I�C�I�N�S�T�R�U�M�E�N�T�S�M�A�N�U�F�A�C�T�U�R�E�D�B�Y�N�E�G�R�E�T�T�I�&�Z�A�M�B�R�A�,
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�E�a�c�h�.
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�1�4�7�6�T�h�i�n�S�e�l�e�n�i�t�e�P�l�a�t�e�o�f �u�n�e�q�u�a�l�t�h�i�c�k�n�e�s�s�,�d�e�v�e�l�o�p�i�n�g
�v�a�r�i�o�u�s�c�o�l�o�u�r�s �0 �4 �0

�1�4�7�7�S�e�l�e�n�i�t�e�D�e�s�i�g�n�s�,�f�o�r�m�e�d�o�f �p�i�e�c�e�s�o�f�s�e�l�e�n�i�t�e�d�i�f�f�e�r�e�n�t�i�n

�t�h�i�c�k�n�e�s�s�,�a�r�r�a�n�g�e�d�i�n �a�v�a�r�i�e�t�y�o�f �f�o�r�m�s�,�s�u�c�h�a�s �c�u�b�e�s�,
�s�t�a�r�s�,�r�o�s�e�t�t�e�s�,û��o�w�e�r�s�,û��g�u�r�e�s�,�c�i�r�c�l�e�s�,�&�c�.�,�f�o�r �s�h�o�w�i�n�g
�t�h�e�b�e�a�u�t�i�f�u�l�c�o�l�o�u�r�s�p�r�o�d�u�c�e�d�b�y�t�h�e�v�a�r�y�i�n�g�t�h�i�c�k�n�e�s�s
�o�f �t�h�eû��l�m�o�f�s�e�l�e�n�i�t�e�(û��g�s�.�1�4�7�7�t�o �1�4�7�7�'�)�. �. �. �0 �1�0 �0 �l �5 �0

�1�4�7�8�S�e�l�e�n�i�t�e�D�e�s�i�g�n�s�,�o�f�v�e�r�y�e�l�a�b�o�r�a�t�e�a�n�d�c�u�r�i�o�u�s�l�y�a�r�r�a�n�g�e�d
û��g�u�r�e�s�,�s�u�c�h�a�s�a �G�o�t�h�i�c�c�h�u�r�c�h�w�i�n�d�o�w�,û��g�u�r�e�o�f�a
�h�a�r�l�e�q�u�i�n�,�&�c�. �. �. �. �. �. �. �. �.

�1�4�7�9�C�i�r�c�u�l�a�r�P�l�a�t�e�o�f �S�e�l�e�n�i�t�e�,�g�r�o�u�n�d�c�o�n�c�a�v�e�,�t�o �d�e�v�e�l�o�p�e
�t�h�e�c�o�l�o�u�r�s�i�n �r�i�n�g�s �. �. �. �. �. �.

�1�4�8�0�R�h�o�m�b�s�o�f�I�c�e�l�a�n�d�S�p�a�r�,�t�o �s�h�e�w�t�h�e �m�u�l�t�i�p�l�i�c�a�t�i�o�n�o�f
�i�m�a�g�e�s�a�f�f�o�r�d�e�d�b�y�p�e�c�u�l�i�a�r�s�t�r�u�c�t�u�r�e�o�f�t�h�e�c�r�y�s�t�a�l �. �0 �5 �0 �l �1�0 �0

�1�4�8�1�P�l�a�t�e�s�o�f �q�u�a�r�t�z�,�a�r�r�e�g�o�n�i�t�e�,�a�m�e�t�h�y�s�t�,�t�o�p�a�z�,�c�a�l�c�s�p�a�r�,
�b�o�r�a�x�,�n�i�t�r�e�,�b�e�r�y�l�,�R�o�c�h�e�l�l�e�s�a�l�t�s�,�s�u�g�a�r�,�b�i�-�c�h�r�o�m�a�t�e�o�f
�p�o�t�a�s�s�,�s�u�l�p�h�a�t�e�o�f�i�r�o�n�,�c�u�t�a�t �r�i�g�h�t�a�n�g�l�e�s�t�o�t�h�e�i�r�a�x�i�s�,
�f�o�r�e�x�h�i�b�i�t�i�n�g�c�o�l�o�u�r�e�d�r�i�n�g�s�,�&�c�. �. �. �. �v �.

�1�4�8�2�P�l�a�t�e�s�o�f �q�u�a�r�t�z�,�a�r�r�a�g�o�n�i�t�e�,�a�n�d�c�a�l�c�s�p�a�r�,�c�u�t�a�t �r�i�g�h�t
�a�n�g�l�e�s�,�f�o�r �s�h�e�w�i�n�g�v�a�r�i�o�u�s�c�o�m�p�o�u�n�dû��g�u�r�e�s�o�f�r�i�n�g�s�,
�b�a�r�s�a�n�d�c�r�o�s�s�b�a�r�s�,�s�c�r�e�w�s�,�a�n�d�c�r�o�s�s�e�s�. �. �. �. �0 �1�0 �0 �2 �0 �0

�1�4�8�3�S�l�i�d�e�r�s�,�w�i�t�hû��s�hû��n�s�a�n�d�s�c�a�l�e�s�,�l�a�m�i�n�a�:�o�f�h�u�m�a�n�c�u�t�i�c�l�e�,
�s�e�c�t�i�o�n�s�o�f�t�e�e�t�h�,�b�o�n�e�s�,�h�o�o�f�s�,�h�o�r�n�s�a�n�d�t�e�n�d�o�n�s�,�v�a�r�i�o�u�s

�c�h�e�m�i�c�a�l�s�a�l�t�s�a�n�d�v�e�g�e�t�a�b�l�e�p�r�o�d�u�c�t�i�o�n�s�,�&�c�.�,�p�r�e�s�e�r�v�e�d
�i�n �C�a�n�a�d�a�b�a�l�s�a�m�,�t�o �e�x�h�i�b�i�t�t�h�e�i�r�p�o�l�a�r�i�z�i�n�g�s�t�r�u�c�t�u�r�e�;
�a�d�a�p�t�e�d�f�o�r�t�h�e�t�a�b�l�e�o�r�o�x�y�-�h�y�d�r�o�g�e�n�p�o�l�a�r�i�s�c�o�p�c �. �0 �l �6 �0 �2 �6

�E�V�E�R�Y�D�E�S�C�R�I�P�T�I�O�N�O�F�A�P�P�A�R�A�T�U�S�A�N�D�O�B�J�E�C�T�S�P�R�E�P�A�R�E�D�F�O�E�E�X�P�E�R�I�M�E�N�T�S

�W�I�T�H�P�O�L�A�R�I�Z�E�D�L�I�G�H�T�.

�P�o�l�a�r�i�z�i�n�g�A�p�p�a�r�a�t�u�sû��t�t�e�d�t�o �T�a�b�l�e�a�n�d�O�x�y�-�h�y�d�r�o�g�e�n�M�i�c�r�o�s�c�o�p�e�s�.



�1�0�7�,�H�O�L�B�O�R�N�H�I�L�L�,�1�, �H�A�T�T�O�N�G�A�R�D�E�N�,�A�N�D�5�9�, �C�O�R�N�H�I�T�L�,�L�O�N�D�O�N�.�1�3�1

�S�U�R�V�E�Y�I�N�G�I�N�S�T�R�U�M�E�N�T�S�,

�T�H�E�O�D�O�L�I�T�E�S�,�L�E�V�E�L�S�,�C�I�R�C�U�M�F�E�R�E�N�T�E�R�S�,

� � 

�1�4�8�4

�1�4�8�5
�1�4�8�6
�1�4�8�7

�1�4�8�8

�1�4�8�9

�1�4�9�0
�1�4�9�1
�1�4�9�2

�1�4�9�3
�1�4�9�4
�1�4�9�5
�1�4�9�6

�C�O�M�P�A�S�S�E�S�,�E�T�C�.

�F�1�0�.

�F�1�0�.�1�4�9�0�.

�T�H�E�O�D�O�L�I�T�E�S�.

�4�-�i�n�c�h�p�l�a�i�n�M�i�l�i�t�a�r�y�P�o�r�t�a�b�l�e�T�h�e�o�d�o�l�i�t�e�,�w�i�t�h�t�e�l�e
�s�c�o�p�e�a�n�d�s�t�a�f�f�c�o�m�p�l�e�t�e�,�d�i�v�i�d�e�d�o�n�b�r�a�s�s �.

�5�-�i�n�e�h�d�i�t�t�o �d�i�t�t�o
�6�-�i�n�c�h�d�i�t�t�o �d�i�t�t�o �. �. �. �. �. �. �.

�5�-�i�n�c�h�b�e�s�t�T�h�e�o�d�o�l�i�t�e�,�w�i�t�h�t�a�n�g�e�n�t�s�c�r�e�w�a�d�j�u�s�t�m�e�n�t�s�,
�&�c�.�,�d�i�v�i�d�e�d�o�n�b�r�a�s�s�,�c�o�m�p�l�e�t�e�. �. �. �. �.

�6�-�i�n�c�h�d�i�t�t�o �d�i�t�t�o

�4�-�i�n�c�h�b�e�s�t�T�h�e�o�d�o�l�i�t�e�,�w�i�t�h �t�h�r�e�e�t�a�n�g�e�n�t�s�c�r�e�w�s�,
�r�a�c�k�-�w�o�r�k�a�d�j�u�s�t�m�e�n�t�t�o �t�e�l�e�s�c�o�p�e�,�t�r�i�p�o�d�s�t�a�f�f�, �8�1�0�.�,
�d�i�v�i�d�e�d�o�n�s�i�l�v�e�r �.

�d�i�t�t�o�(û��g�.�1�4�9�0�)�5�-�i�n�c�h�d�i�t�t�o

�6�-�i�n�e�h�d�i�t�t�o �d�i�t�t�o �. �. �. �. �. �. �.
�6�-�i�n�c�h�b�e�s�t�T�r�a�n�s�i�t�T�h�e�o�d�o�l�i�t�e�,�d�i�v�i�d�e�d�o�n�s�i�l�v�e�r�(û��g�.

�1�4�9�2�) �. �. �. �. �. �. �. �. �. �.
�7�-�i�n�c�h�d�i�t�t�o �d�i�t�t�o �. �. �. �.
�7�-�i�n�e�h�d�i�t�t�o �d�i�t�t�o �w�i�t�h�t�w�o�t�e�l�e�s�c�o�p�e�s �. �.
�E�v�e�r�e�s�t ��s�T�h�e�o�d�o�l�i�t�e�s�.�4�-�i�n�c�h �. �. �. �. �.
�D�i�t�t�o �d�i�t�t�o �5�-�i�n�e�h

�1�4�9�2�.
� � 

�Q�C

�O�O�O�O�O



�1�3�2 �S�C�I�E�N�T�I�F�I�C�I�N�S�T�R�U�M�E�N�T�S�M�A�N�U�F�A�C�T�U�R�E�D�B�Y�N�E�G�R�E�T�T�I�&�Z�A�M�B�R�A�,

�L�E�V�E�L�S�.

� � 

�E�a�c�h�. �E�a�c�h�.

�1�4�9�7�D�r�a�i�n�a�g�e�L�e�v�e�l�,�o�f �b�r�a�s�s�,�w�i�t�h�s�i�g�h�t�a�n�d�a�d�j�u�s�t�i�n�g�s�c�r�e�w�,
�b�a�l�l�-�a�n�d�-�s�o�c�k�c�t�j�o�i�n�t �. �. �. �. �. �. �. �l �5 �0

�1�4�9�8�8�-�i�n�c�h�S�p�i�r�i�t�L�e�v�e�l�,�m�o�u�n�t�e�d�i�n �b�r�a�s�s�f�r�a�m�e�,�w�i�t�h�c�r�o�s�s

�h�a�i�r�s�i�g�h�t�s�a�n�d�g�r�a�d�u�a�t�e�d�a�r�c�;�a �u�s�e�f�u�l�i�n�s�t�r�u�m�e�n�t�f�o�r

�d�e�t�e�r�m�i�n�i�n�g�t�h�e�i�n�c�l�i�n�a�t�i�o�n�o�f �s�t�r�a�t�a�o�r�d�r�a�i�n�s �. �. �2 �1�0 �0
�1�4�9�9�D�i�t�t�o �d�i�t�t�o �.�w�i�t�h�r�a�c�k�a�n�d�p�i�n�i�o�n�m�o�t�i�o�n �. �. �3 �1�6 �0 �5 �5 �0

�1�5�0�0�1�2�-�i�n�c�h�P�l�a�i�n�L�e�v�e�l�,�w�i�t�h�o�u�t�c�o�m�p�a�s�s�,�i�n �c�a�s�e�,�w�i�t�h
�j�o�i�n�t�e�d�s�t�aû��' �. �. �. �. �. �. �. �. �. �8 �8 �0

�1�5�0�1�1�0�-�i�n�c�h�b�e�s�t�D�u�m�p�y�o�r�G�r�a�v�a�t�t ��s�L�e�v�e�l�,�w�i�t�h�a�c�h�r�o�m�a�t�i�c
�t�e�l�e�s�c�o�p�e�a�n�d�r�a�c�k�-�w�o�r�k�a�d�j�u�s�t�m�e�n�t�,�m�a�g�n�e�t�i�c�c�o�m�p�a�s�s�,
�m�o�u�n�t�e�d�u�p�o�n�s�t�r�o�n�g�b�r�a�s�s�p�a�r�a�l�l�e�l�p�l�a�t�e�s�,�w�i�t�h�t�r�i�p�o�d
�m�a�h�o�g�a�n�y�s�t�aû��'�,�c�a�s�e�,�&�c�.�(û��g�.�1�5�0�1�) �. �. �. �. �1�2�1�2 �0

�1�5�0�2�1�4�-�i�n�c�h�d�i�t�t�o �d�i�t�t�o �. �. �. �. �. �. �. �1�6�1�0 �0

�1�5�0�3�l�B�-�i�n�c�h�d�i�t�t�o �d�i�t�t�o �. �. �. �. �. �. �. �1�8�1�0 �0
�1�5�0�4�B�e�s�t�Y�L�e�v�e�l�,�w�i�t�h�1�2�-�i�n�c�h�a�c�h�r�o�m�a�t�i�c�t�e�l�e�s�c�o�p�e�a�n�d

�r�a�c�k�-�w�o�r�k�a�d�j�u�s�t�m�e�n�t�,�m�a�g�n�e�t�i�c�c�o�m�p�a�s�s�,�t�a�n�g�e�n�t�s�c�r�e�w
�a�d�j�u�s�t�m�e�n�t�,�b�r�a�s�s�p�a�r�a�l�l�e�l�p�l�a�t�e�s�,�a�n�d�s�t�o�u�t�t�r�i�p�o�d�s�t�aû��'�;
�i�n�c�a�s�e�,�&�c�.�.�. �. �. �. �. �. �. �. �1�2�1�2�0

�1�5�0�5�D�i�t�t�o �d�i�t�t�o �w�i�t�h�1�8�-�i�n�c�h�t�e�l�e�s�c�o�p�e �. �. �. �1�6�1�6 �0
�1�5�0�6�D�i�t�t�o �d�i�t�t�o �w�i�t�h�2�4�-�i�n�c�h�t�e�l�e�s�c�o�p�e �. �. �. �2�1 �0 �0
�1�5�0�7�S�t�a�n�d�a�r�d�L�e�v�e�l�l�i�n�g�I�n�s�t�r�u�m�e�n�t�. �. �. �. �. �4�2 �0 �0

�H�A�N�D�L�E�V�E�L�S�,�F�O�R�B�U�I�L�D�E�R�S�,�E�N�G�I�N�E�E�R�S�,�E�T�C�.

�1�5�0�8�S�p�i�r�i�t�L�e�v�e�l�s�,�m�o�u�n�t�e�d�i�n �p�o�l�i�s�h�e�d�m�a�h�o�g�a�n�y�f�r�a�m�e�s�,
�w�i�t�h�b�r�a�s�s�t�o�p�: �

�L�e�n�g�t�h ��i�n�c�h�e�s�. �4�. �a�, �6�. �7�. �s�. �s�. �1�0�. �1�2�.
�P�r�i�c�e �. �2�/�8 �3�/�3 �3�/�6 �4�/ �4�/�6 �5�/ �5�/�6 �6�]

�1�5�0�8�*�S�p�i�r�i�t�L�e�v�e�l�s�,�m�o�u�n�t�i�n�g�s�a�l�l �o�f �b�r�a�s�s�,�w�i�t�h�g�r�o�u�n�d�-�l�e�v�e�l
�t�u�b�e�s�: �

�L�e�n�g�t�h ��i�n�c�h�e�s�. �4�*�, �a�. �7�1�. �9�g�. �1�1�;�. �1�3�}�. �1�5�;�.
�P�r�i�c�e �. �4�/�6 �6�/ �7�/�6 �9�1�6 �1�1�/�6 �1�3�/�6 �1�5�/�6

�1�5�0�9�S�p�i�r�i�t�L�e�v�e�l�T�u�b�e�s�,�w�a�r�r�a�n�t�e�d�,�p�l�a�i�n �. �. �p�e�r�i�n�c�h
�1�5�0�9 ��l�D�i�t�t�o �d�i�t�t�o �d�i�t�t�o �g�r�o�u�n�d�. �. �. �,�, �0 �0 �6



�1�0�7�,�H�O�L�B�O�R�N�H�I�L�L�,�1�, �H�A�T�T�O�N�G�A�R�D�E�N�,�m�a�s�, �C�O�R�N�H�I�L�L�,�L�O�N�D�O�N�.�1�3�3

�C�I�R�C�U�M�F�E�R�E�N�T�E�R�S�,�C�R�O�S�S�S�I�G�H�T�S�,�E�T�C�.

� � 

�E�s�c�h�. �E�a�c�h�.
�£ �a�. �4�. �£ �a�. �d�.

�1�5�1�0�B�e�s�t�C�i�r�c�u�m�f�e�r�e�n�t�e�r�,�w�i�t�h�r�a�c�k�-�w�o�r�k�a�d�j�u�s�t�m�e�n�t�,�d�o�u�b�l�e
�s�i�g�h�t�s�,�d�i�v�i�d�e�d�c�o�v�e�r�i�n�t�o�t�h�r�e�e�m�i�n�u�t�e�s�,�i�n �c�a�s�e�,�w�i�t�h

�t�r�i�p�o�d�s�t�a�f�f�,�a�n�d�b�a�l�l�-�a�n�d�-�s�o�c�k�e�t�j�o�i�n�t �7�/�7�/�0�,�1�0�1�0 �0 �l�2 �l�2 �0

�1�5�1�1�C�i�r�c�u�m�f�e�r�e�n�t�e�r�s�,�4�-�i�n�c�h�,�5�-�i�n�c�h�,�a�n�d�6�-�i�n�c�h �3 �1�0 �o �5 �5 �o

�1�5�1�2�M�i�n�e�r�'�s�C�o�m�p�a�s�s�,�4�-�i�n�c�h�,�w�i�t�h�s�i�g�h�t�s�,�i�n �m�a�h�o�g�a�n�y�c�a�s�e�. �l �1�0 �0 �2 �1�0 �0

�1�5�1�3�D�i�t�t�o �d�i�t�t�o �i�n �p�l�a�i�n�m�a�h�o�g�a�n�y�b�o�x�e�s �3�/�6�, �0 �4 �6 �0 �5 �6
�1�5�1�4�S�u�r�v�e�y�o�r�'�s�C�r�o�s�s�,�o�c�t�a�g�o�n�a�l�f�o�r�m�. �. �. �0 �1�0 �6 �0 �l�2 �6

�1�5�1�5�D�i�t�t�o �d�i�t�t�o �w�i�t�h�c�o�m�p�a�s�s�,�o�f �t�h�e�b�e�s�t�c�o�n�s�t�r�u�c�t�i�o�n�. �1 �0 �0

�1�5�1�6�D�i�t�t�o �d�i�t�t�o �w�i�t�h�m�o�v�e�a�b�l�e�h�e�a�d�a�n�d�d�i�v�i�d�e�d�c�i�r�c�l�e�. �2 �1�0 �0

�1�5�1�7�D�i�t�t�o �d�i�t�t�o �w�i�t�h�b�a�l�l�-�a�n�d�-�s�o�c�k�e�t�j�o�i�n�t �. �3 �0 �0
�1�5�1�3�O�p�t�i�c�a�l�S�q�u�a�r�e�s�,�f�o�r�s�h�e�w�i�n�g�r�i�g�h�t�a�n�g�l�e�s �. �. �. �l �l �0 �l �1�0 �0

�P�R�I�S�M�A�T�I�C�M�I�L�I�T�A�R�Y�C�O�M�P�A�S�S�E�S�.

�F�r�o�.�1�5�1�9�.

�1�5�1�9�P�r�i�s�m�a�t�i�c�C�o�m�p�a�s�s�,�p�r�i�n�c�i�p�a�l�l�y�u�s�e�d�f�o�r�m�i�l�i�t�a�r�y�p�u�r�p�o�s�e�s�,
�2�}�~�i�n�.�d�i�a�m�e�t�e�r�(û��g�.�1�5�1�9�) �. �. �. �. �. �. �3 �3 �0 �3 �1�0 �0

�1�5�2�0�D�i�t�t�o �d�i�t�t�o �4�-�i�n�c�h�,�w�i�t�h�s�h�a�d�e�s �. �. �. �. �4 �4 �0

�1�5�2�1�D�i�t�t�o �d�i�t�t�o �b�e�s�t�,�d�i�v�i�d�e�d�o�n�m�e�t�a�l�r�i�n�g�,�w�i�t�h�s�h�a�d�e�s

�a�n�d�a�z�i�m�u�t�h�g�l�a�s�s �. �. �. �. �. �. �5 �5 �0
�1�5�2�2�L�e�a�t�h�e�r�c�a�s�e�a�n�d�s�t�r�a�p�f�o�r�d�i�t�t�o �0 �1�0 �6
�1�5�2�3�S�t�a�n�d�f�o�r�d�i�t�t�o�,�w�i�t�h�b�a�l�l�-�a�n�d�-�s�o�c�k�e�t�j�o�i�n�t �1 �l�5 �0

�1�5�2�4�D�i�t�t�o �d�i�t�t�o �p�l�a�i�n �1 �5 �0



�1�3�4 �S�C�I�E�N�T�I�F�I�C�I�N�S�T�R�U�M�E�N�T�S�M�A�N�U�F�A�C�T�U�R�E�D�B�Y�N�E�G�R�E�T�T�I�&�Z�A�M�B�R�A�,

�1�5�2�5

�F�l�o�. �1�5�2�5�a�.

�F�i�n�.�1�6�2�5�b�.
� � 

�I�m�p�r�o�v�e�d�P�r�i�s�m�a�t�i�c�C�o�m�p�a�s�s�,�f�o�r �m�i�n�e�r�s�,�s�u�r�v�e�y�o�r�s�,�a�n�d�e�n�g�i�n�e�e�r�s�.�B�y�i�t�,
�b�o�t�h�v�e�r�t�i�c�a�l�a�n�d�h�o�r�i�z�o�n�t�a�l�a�n�g�l�e�s�c�a�n�b�e�t�a�k�e�n�w�i�t�h�s�p�e�e�d�a�n�d�a�c�c�u�r�a�c�y�.
�I�n�s�i�d�e�t�h�e�c�o�m�p�a�s�s�b�o�x�i�s �a�s�i�l�v�e�r�r�i�n�g�,�d�i�v�i�d�e�d�t�o �3�0�'�; �t�h�i�s�g�i�v�e�s�t�h�e�m�a�g�n�e�t�i�c
�b�e�a�r�i�n�g�,�e�v�e�n�w�h�e�n�t�h�e�i�n�s�t�r�u�m�e�n�t�i�s �h�e�l�d�i�n �t�h�e�h�a�n�d�.�W�h�e�n�p�l�a�c�e�d�o�n�i�t�s
�t�r�i�p�o�d�s�t�a�n�d�(�a�s�i�n û��g�.�1�5�2�5�a�)�,�t�h�e�s�p�i�r�i�t�l�e�v�e�l�i�s �u�s�e�d�t�o�l�e�v�e�l�t�h�e�i�n�s�t�r�u�m�e�n�t�,
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�H�a�n�d�l�e�E�b�o�n�y�Q�u�a�d�r�a�n�t�,�w�i�t�h�t�w�o�t�e�l�e�s�c�o�p�e�s�,�d�i�v�i�d�e�d
�t�o�3�0�s�e�c�o�n�d�s�,�l�o�n�g�c�e�n�t�r�e�a�n�d�s�e�v�e�n�s�h�a�d�e�s�,�i�n �m�a�h�o�g�a�n�y

�b�o�x�;�b�e�s�t�q�u�a�l�i�t�y�. �. �. �. �. �. �.

�M�e�t�a�l�Q�u�a�d�r�a�n�t�,�d�i�v�i�d�e�d�o�n�s�i�l�v�e�r�,�w�i�t�h�a�c�h�r�o�m�a�t�i�c�t�e�l�e
�s�c�o�p�e�s�,�l�o�n�g�c�e�n�t�r�e�,�s�e�v�e�n�s�h�a�d�e�s�,�a�n�d�i�n�d�e�x�m�a�g�n�iû��e�r�,�i�n
�m�a�h�o�g�a�n�y�b�o�x�;�b�e�s�t�q�u�a�l�i�t�y�. �. �. �.

�S�E�X�T�A�N�T�S�.

�E�b�o�n�y�S�e�x�t�a�n�t�,�b�e�s�t�q�u�a�l�i�t�y�,�w�i�t�h�b�r�a�s�s�a�r�c�h�a�c�h�r�o�m�a�t�i�c
�t�e�l�e�s�c�o�p�e�,�&�c�.�;�i�n �m�a�h�o�g�a�n�y�c�a�s�e �. �. �. �.

�M�e�t�a�l�S�e�x�t�a�n�t�,�e�d�g�e�b�a�r�p�a�t�t�e�r�n�,�b�r�o�n�r�e�d�l�i�m�b�d�i�v�i�d�e�d�o�n
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�M�e�t�a�l�S�e�x�t�a�n�t�,�o�v�a�l�p�a�t�t�e�r�n�,�b�r�o�n�z�e�d�l�i�m�b�d�i�v�i�d�e�d�o�n
�s�i�l�v�e�r�t�o�t�e�n�s�e�c�o�n�d�s�,�a�n�d�g�l�a�s�s�r�eû��e�c�t�o�r�t�o�v�e�r�n�i�e�r

�D�i�t�t�o �d�i�t�t�o �s�u�p�e�r�i�o�r�o�v�a�l�p�a�t�t�e�r�n�,�b�r�i�g�h�t�o�r�b�r�o�n�z�e�d
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�M�A�R�I�N�E�R�S�'�C�O�M�P�A�S�S�E�S�.

�F�I�G�S�.�1�5�6�6�. �1�6�6�8�. �1�5�7�6�.
� � 

�1�5�6�6�P�o�c�k�e�t�C�o�m�p�a�s�s�e�s�,�i�n �s�q�u�a�r�e�m�a�h�o�g�a�n�y�c�a�s�e�s�,�w�i�t�h�s�t�o�p�s�,
�(û��g�.�1�5�6�6�) �. �. �. �. �3�/�6�, �c �4 �6 �o �5 �6

�1�5�6�7�D�i�t�t�o �d�i�t�t�o �m�o�u�n�t�e�d�w�i�t�h�a�g�a�t�e�c�e�n�t�r�e�s�. �. �. �0 �4 �6 �0 �1�0 �6

�1�5�6�8�B�r�a�s�s�a�n�d�G�i�l�t�P�o�c�k�e�t�C�o�m�p�a�s�s�e�s�,�i�n �l�e�a�t�h�e�r�w�(û��g
�1�5�6�8�) �. �. �. �. �. �. �8�/�6�, �1�0�/�6�, �0 �l�2 �0 �1 �l �0

�1�5�6�9�S�m�a�l�l�P�o�c�k�e�t�C�o�m�p�a�s�s�e�s�,�i�n �g�r�e�a�t�v�a�r�i�e�t�y �1�/�, �2�]�, �2�/�6�, �0 �3 �6 �o �1�5 �0
�1�5�7�0�T�r�i�n�k�e�t�C�o�m�p�a�s�s�e�s�. �. �. �. �l�l�, �0 �1 �6 �0 �5 �o
�1�5�7�1�D�i�t�t�o �d�i�t�t�o �s�i�l�v�e�r�a�n�d�g�o�l�d�c�a�s�e�s�,�v�a�r�i�o�u�s �. �4�/�, �0 �1�0 �6 �l �1�0 �0
�1�5�7�2�P�o�c�k�e�t�C�o�m�p�a�s�s�e�s�,�i�n �c�i�r�c�u�l�a�r�b�r�a�s�s�b�o�x�e�s�,�w�i�t�h�t�h�e�m�a�g

�n�e�t�i�c�n�e�e�d�l�e�o�nû��o�a�t�i�n�g�c�a�r�d�. �. �. �. �. �5�]�, �0 �6 �0 �o �7 �0
�1�5�7�3�D�i�t�t�o �d�i�t�t�o �m�o�u�n�t�e�d�o�n�a�g�a�t�e�c�e�n�t�r�e�s�,�w�i�t�h�s�t�o�p�,�f�r�o�m�0 �5 �0 �0 �6 �0
�1�5�7�4�W�a�t�c�h�C�o�m�p�a�s�e�s�,�i�n �s�i�l�v�e�r�h�u�n�t�i�n�g�c�a�s�e�s �. �. �2 �2 �o �8 �3 �0
�1�5�7�5�D�i�t�t�o �d�i�t�t�o �G�e�r�m�a�n�s�i�l�v�e�r �. �. �. �. �1�5�/�, �l  ��0 �0 �l �1�0 �0

�B�O�A�T�A�N�D�S�H�I�P�S ��C�O�M�P�A�S�S�E�S�.

�1�5�7�6�B�r�a�s�s�C�o�n�e�B�o�a�t�C�o�m�p�a�s�s�,�i�n �w�o�o�d�c�a�s�e�(û��g�.�1�5�7�6�) �. �0 �1�4 �0
�1�5�7�7�B�r�a�s�s�B�o�x�B�o�a�t�C�o�m�p�a�s�s�,�i�n �g�i�m�b�a�l�s�(û��g�.�1�5�7�7�)�. �. �0 �1�6 �0
�1�5�7�B�S�t�e�e�r�i�n�g�C�o�m�p�a�s�s�e�s�,�i�n �b�o�x�: �

�I�n�c�h�e�s �. �7�. �8�. �9�. �1�0�. �l�l�. �1�2�.

�P�r�i�c�e �. �7�/ �s�/ �9�/ �1�0�/ �1�1�/ �1�2�/
�1�5�7�9�S�t�e�e�r�i�n�g�C�o�m�p�a�s�s�e�s�,�w�i�t�h�b�r�a�s�s�b�o�w�l�s�: �

�I�n�c�h�e�s �. �7�. �8�. �9�. �1�0�. �l�l�. �1�2�.

�P�r�i�c�e �. �1�6�/ �1�1�/ �1�8�/ �2�0�/ �2�2�/ �2�4�/

� � 



�1�3�8 �S�C�I�E�N�T�I�F�I�C�I�N�S�T�R�U�M�E�N�T�S�M�A�N�U�F�A�C�T�U�R�E�D�B�Y�N�E�G�R�E�T�T�I�8�: �Z�A�M�B�R�A�,

�1�5�8�0
�1�5�8�1
�1�5�8�2
�1�5�8�3
�1�5�8�4
�1�5�8�5
�1�5�8�6

�1�5�8�7
�1�5�8�8
�1�5�8�9
�1�5�9�0
�1�5�9�1

�1�5�9�2
�1�5�9�3
�1�5�9�4

�1�5�9�5
�1�5�9�6

�1�5�9�7
�1�5�9�8

�1�6�0�0

�1�6�0�1

�1�6�0�2
�1�6�0�3

�1�6�0�4
�1�6�0�5

�E�a�c�h�.
�£ �a�. �d

�S�t�o�r�m�C�o�m�p�a�s�s�e�s�,�l�O�-�i�n�c�h
�D�i�t�t�o �d�i�t�t�o �1�l�-�i�n�c�h �. �.
�S�t�o�r�m�C�o�m�p�a�s�s�e�s�,�d�o�u�b�l�e�,�l�O�-�i�n�c�h
�D�i�t�t�o �d�i�t�t�o �,�, �l �1�-�i�n�c�h �. �. �.
�A�m�p�l�i�t�u�d�e�C�o�m�p�a�s�s�,�w�i�t�h�s�i�g�h�t�s�a�n�d�a�g�a�t�e�c�e�n�t�r�e�s�,�l�l�-�i�n�.
�D�i�t�t�o �d�i�t�t�o �' �1�0�-�i�n�.
�H�a�n�g�i�n�g�o�r �C�a�b�i�n�C�o�m�p�a�s�s ��j�a�p�a�n�n�e�d�b�r�a�s�s�.
�D�i�t�t�o �d�i�t�t�o �b�r�i�g�h�t�b�r�a�s�s�. �. �. �. �.
�D�i�t�t�o �d�i�t�t�o �b�r�a�s�s�a�n�d�t�r�a�n�s�p�a�r�e�n�t�c�a�r�d �. �3�0�]�, �2 �0 �0

�D�i�t�t�o �d�i�t�t�o �b�r�a�s�s �d�i�t�t�o �w�i�t�h�d�i�p�p�i�n�g�n�e�e�d�l�e�s�2 �1�0 �0
�A�z�i�m�u�t�h�C�o�m�p�a�s�s�,�p�l�a�i�n�m�o�u�n�t�i�n�g �. �. �. �. �3 �0 �0
�D�i�t�t�o �d�i�t�t�o �w�i�t�h�d�i�v�i�d�e�d�m�e�t�a�l�r�i�n�g�a�n�d�f�o�l�d�i�n�g

�s�i�g�h�t�s�;�i�n �m�a�h�o�g�a�n�y�b�o�x �. �. �. �. �t �4 �1�0 �0
�B�e�s�t�P�r�i�s�m�a�t�i�c�A�z�i�m�u�t�h�C�o�m�p�a�s�s�,�w�i�t�h�s�h�a�d�e�s �6 �6 �0
�S�t�a�n�d�s�f�o�r�a�b�o�v�e �. �. �. �. �. �. �. �. �0 �1�8 �0
�S�h�i�p�s ��B�i�n�n�a�c�l�e�s�,�i�n �w�o�o�d�a�n�d�m�e�t�a�l�,�o�f �v�a�r�i�o�u�s�f�o�r�m�s

�a�n�d�s�i�z�e�s �. �. �. �.

�M�a�s�s�e�y ��s�P�a�t�e�n�t�L�o�g �. �. �. �3 �1�0 �0
�M�a�s�s�e�y ��s�P�a�t�e�n�t�S�o�u�n�d�i�n�g�M�a�c�h�i�n �3 �1�0 �0
�F�r�i�e�n�d ��s�P�a�t�e�n�t�L�o�g �. �. �.
�F�r�i�e�n�d ��s�P�a�t�e�n�t�S�o�u�n�d�i�n�g�M�a�c�h�i�n�e

�S�U�N �D�I �A�L�S�.
�F�1�0�.�1�5�9�9�. �F�1�0�.�1�6�0�1�.

� � 

�S�u�n�D�i�a�l�s�,�w�i�t�h�b�r�a�s�s�s�l�a�b�a�n�d�s�t�y�l�e�(û��g�.�1�5�9�9�)�: �
�D�l�a�m�e�t�e�r�. �6�-�1�n�. �7�-�l�n�. �e�-�i�n�. �1�0�~�1�n�. �l�1�-�l�n�.

�P�r�i�c�e �3�5�/ �4�2�/ �4�8�] �5�5�/ �6�3�/

�S�u�n�D�i�a�l�s�,�w�i�t�h�d�i�v�i�s�i�o�n�s�,û��g�u�r�e�s�,�a�n�d�a�. �t�a�b�l�e�o�f�t�h�e�e�q�u�a
�t�i�o�n�o�f�t�i�m�e�,�i�n �b�l�a�c�k�e�n�a�m�e�l�,�o�n�s�l�a�t�e�,�t�h�e�s�t�y�l�e�o�f �b�r�a�s�s�;
�l�4�-�i�n�.�d�i�a�m�e�t�e�r �. �. �. �. �. �. �. �.

�B�e�s�t�d�i�t�t�o�,�lû��-�i�n�c�h�,�d�i�v�i�d�e�d�t�o �t�w�o�m�i�n�u�t�e�s�,�w�i�t�h�e�q�u�a�t�i�o�n

�t�a�b�l�e�(û��g�.�1�6�0�1�) �. �. �. �. �. �. �.
�B�e�s�t�d�i�t�t�o�,�1�5�-�i�n�c�h�,�d�i�v�i�d�e�d�t�o �o�n�e�m�i�n�u�t�e�,�w�i�t�h�d�i�t�t�o
�U�n�i�v�e�r�s�a�l�J�o�i�n�t�S�u�n�D�i�a�l�a�n�d�C�o�m�p�a�s�s�,�w�i�t�h�d�i�v�i�d�e�d

�a�r�c�,�i�n �c�a�s�e�s�,�2�5�-�i�n�c�h�e�s�. �. �.
�D�i�t�t�o �d�i�t�t�o �i�i�i�-�i�n�c�h�e�s
�D�i�t�t�o �d�i�t�t�o �4�§�-�i�n�c�h�e�s

�i�i�i�-�1�n�.
�8�4�/

�1�1�7�6
�2�1�0�0
�4�0�0

�~�§
�1�4

�1�3

�1�6
�1�0
�1�0

�1�0

�W�M�N�J�H�H�u�-�I�H�M�R�Q�v�-�I�i ��b

�1�0

�0�0 �o�n

�m�a�:

�Q�6�3

�2�1�5
�3�1�0
�6�0

�O�O�O�O�O�O�O�Q�O�Q�O�P�'

�0�°�C

�6�0



�1�0�1�,�H�O�L�B�O�R�N�H�I�L�L�,�1�, �H�A�T�T�O�N�G�A�R�D�E�N�,�m�,�5�9�, �C�O�R�N�H�I�L�L�,�L�O�N�D�O�N�.�1�3�9

�F�1�0�.�1�6�0�6�.
�1�6�0�6�S�u�n�D�i�a�l�, �w�i�t�h�b�u�r�n�i�n�g�l�e�n�s�s�o �a�r�r�a�n�g�e�d

�t�h�a�t �t�h�e �s�u�n ��s�r�a�y�s�a�r�e �t�h�r�o�w�n�o�n �t�h�e

�p�r�i�m�i�n�g�o�f �a �s�m�a�l�l�l�o�a�d�e�d�c�a�n�n�o�n�,�a�n�d

�c�a�u�s�e�i�t �t�o �b�e û��r�e�d�a�t �n�o�o�n�p�r�e�c�i�s�e�l�y�.
�T�h�e�m�o�u�n�t�i�n�g�o�f �t�h�e �l�e�n�s �h�a�s�a �s�c�a�l�e

�c�o�r�r�e�s�p�o�n�d�i�n�g�t�o �t�h�e�s�u�n�'�s�d�e�c�l�i�n�a�t�i�o�n�f�o�r
�e�v�e�r�y�w�e�e�k�i�n �t�h�e�y�e�a�r�(û��g�.�1�6�0�6�)�.

�P�r�i�c�e�£�1�1�6 �0

� � 

�S�H�I�P�S�.�O�B�,�P�O�C�K�E�T�C�O�M�P�A�S�S�E�S�B�E�Y�A�I�R�E�D�A�N�D�A�D�J�U�S�T�E�D�.

�M�A�T�H�E�M�A�T�I�C�A�L�D�R�A�l�/�V�I�N�G�I�N�S�T�R�U�M�E�N�T�S�.
�F�m�.�1�6�1�2�.

� 

� � 

� 

�S�E�T�S�O�F�D�R�A�W�I�N�G�I�N�S�T�R�U�M�E�N�T�S�,�I�N �C�A�S�E�S�.
�E�a�c�h�. �E�a�c�h�.

�5�3 �0�. �r�l�. �£ �a�. �d�.
�1�6�0�7�S�m�a�l�l�o�r �H�a�l�f�-�s�e�t�o�f �S�t�e�e�l�-�j�o�i�n�t�e�d�D�r�a�w�i�n�g�I�n�s�t�r�u

�m�e�n�t�s�,�c�o�n�s�i�s�t�i�n�g�o�f �c�o�m�p�a�s�s�e�s�w�i�t�h�p�e�n�a�n�d�p�e�n�c�i�l
�p�o�i�n�t�s�,�f�e�e�d�e�r�a�n�d�b�o�x�w�o�o�d�s�c�a�l�e�;�i�n �p�u�l�l�-�oû��'�c�a�s�e�. �. �0 �4 �0 �0 �5 �O

�1�6�0�8�S�t�e�e�l�-�j�o�i�n�t�e�d�D�r�a�w�i�n�g�I�n�s�t�r�u�m�e�n�t�s�,�c�o�n�s�i�s�t�i�n�g�o�f �l�a�r�g�e
�c�o�m�p�a�s�s�e�s�,�p�e�n�a�n�d�p�e�n�c�i�l�p�o�i�n�t�s�,�p�l�a�i�n�d�i�v�i�d�e�r�s�,�f�e�e�d�e�r
�a�n�d�b�o�x�s�c�a�l�e�;�i�n �p�u�l�l�-�o�f�f�c�a�s�e�(û��g�.�1�6�0�8�)�. �. �. �0 �5 �0 �0 �7 �6

�1�6�0�9�S�t�e�e�l�-�j�o�i�n�t�e�d�D�r�a�w�i�n�g�I�n�s�t�r�u�m�e�n�t�s�,�c�o�n�s�i�s�t�i�n�g�o�f �d�i�v�i
�d�e�r�s�,�c�o�m�p�a�s�s�e�s�w�i�t�h�p�e�n�a�n�d�p�e�n�c�i�l�p�o�i�n�t�s�,�r�u�l�i�n�g�p�e�n�,
�b�o�w�p�e�n�,�f�e�e�d�e�r�,�e�b�o�n�y�p�a�r�a�l�l�e�l�r�u�l�e�,�b�o�x�s�e�c�t�o�r�,�a�n�d
�b�r�a�s�p�r�o�t�r�a�c�t�o�r�;�i�nû��s�h�-�s�k�i�n�c�a�s�e �. �. �. �.

�1�6�1�0�B�e�s�t�t�u�r�n�e�d�c�h�e�e�k�S�t�e�e�l�-�j�o�i�n�t�e�d�D�r�a�w�i�n�g�I�n�s�t�r�u�m�e�n�t�s�,
�c�o�n�s�i�s�t�i�n�g�o�fû��n�e�d�i�v�i�d�e�r�s�,�c�o�m�p�a�s�s�e�s�w�i�t�h�s�l�i�p�, �p�e�n�a�n�d
�p�e�n�c�i�l�p�o�i�n�t�s�,�r�u�l�i�n�g�a�n�d�b�o�w�p�e�n�s�,�f�e�e�d�e�r�,�b�e�s�t�e�b�o�n�y

�p�a�r�a�l�l�e�l�r�u�l�e�,�b�o�x�w�o�o�d�s�e�c�t�o�r�a�n�d�s�c�a�l�e�;�i�n û��s�h�-�s�k�i�n�o�r
�l�e�a�t�h�e�r�c�a�s�e�s�(û��g�.�1�6�1�0�) �. �. �. �. �.

�1�6�1�1�S�i�m�i�l�a�r�S�e�t�s�o�f �D�r�a�w�i�n�g�I�n�s�t�r�u�m�e�n�t�s�t�o �N�o�s�.�1�6�0�7�t�o
�1�6�1�0�,�i�n �c�o�n�v�e�n�i�e�n�tû��a�t�m�a�h�o�g�a�n�y�a�n�d�r�o�s�e�w�o�o�d�b�o�x�e�s�,
�a�d�a�p�t�e�d�t�o�e�l�e�m�e�n�t�a�r�y�o�r�s�c�h�o�o�l�p�u�r�p�o�s�e�s�,�3�/�6�, �5�/�, �7�/�6�, �S�I�, �0 �1�0 �6 �1 �1�0 �0



�S�C�I�E�N�T�I�F�I�C�I�N�S�T�R�U�M�E�N�T�S�M�A�N�U�F�A�C�T�U�R�E�D�B�Y�N�E�G�R�E�T�T�I�&�Z�A�M�B�R�A�,

�F�1�0�.�1�6�1�5�.
� 

� � � � � 

� 

� 
� � � 

� 

� � 

�1�6�1�2�S�e�t�o�f�D�r�a�w�i�n�g�I�n�s�t�r�u�m�e�n�t�s�,�c�o�n�s�i�s�t�i�n�g�o�f�s�e�c�t�o�r�-�j�o�i�n�t�e�d
�c�o�m�p�a�s�s�e�s�,�w�i�t�h�p�e�n�a�n�d�p�e�n�c�i�l�p�o�i�n�t�s�,�d�i�v�i�d�e�r�s�,�d�r�a�w�i�n�g
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�P�l�a�i�n�D�r�a�w�i�n�g�P�e�n�,�w�i�t�h�b�r�a�s�s�h�a�n�d�l�e�a�n�d�p�r�o�t�r�a�c�t�i�n�g
�p�i�n �. �. �. �. �. �. �. �f�r�o�m �0 �2

�D�i�t�t�o �d�i�t�t�o �a�l�l �s�t�e�e�l �. �. �. �. �. �. �0 �3
�D�r�a�w�i�n�g�P�e�n�s�,�w�i�t�h�i�v�o�r�y�h�a�n�d�l�e�(û��g�.�1�6�4�8�) �. �. �0 �3 �6 �0 �4
�D�i�t�t�o �d�i�t�t�o �w�i�t�h�l�i�f�t �b�r�a�s�s�j�o�i�n�t�s�t�o �t�h�e�b�l�a�d�e�s�,�a�n�d

�i�v�o�r�y�h�a�n�d�l�e�. �. �. �. �0 �5 �6 �0 �7
�D�i�t�t�o �d�i�t�t�o �w�i�t�h�e�l�e�c�t�r�u�m�j�o�i�n�t�s �. �0 �6 �6 �0 �7
�D�o�t�t�i�n�g�P�e�n�s�,�w�i�t�h�i�v�o�r�y�h�a�n�d�l�e�s�a�n�d�w�h�e�e�l�s�. �0 �6 �0 �0 �1�0
�D�i�t�t�o �d�i�t�t�o �c�o�m�m�o�n�,�w�i�t�h�b�r�a�s�s�h�a�n�d�l�e�. �0 �5
�R�o�a�d�P�e�n�s�,�b�e�s�t�m�a�k�e�(û��g�.�1�6�5�3�) �. �. �. �0 �1�5
�N�e�e�d�l�e�H�o�l�d�e�r�,�o�r�p�r�i�c�k�i�n�g�p�o�i�n�t �. �. �. �. �. �0 �3
�T�r�i�a�n�g�u�l�a�r�C�o�m�p�a�s�s�e�s�,�b�r�a�s�s�. �. �. �. �0 �1�0 �0 �l �1
�D�i�t�t�o �d�i�t�t�o �G�e�r�m�a�n�s�i�l�v�e�r�,�w�i�t�h�s�h�i�t�t�i�n�g�l�e�g �. �0 �l�5 �0 �1 �1�0
�E�l�l�i�p�t�i�c�a�l�C�o�m�p�a�s�s�e�s �. �. �. �2 �1�0 �0 �4 �4
�P�r�o�p�o�r�t�i�o�n�a�l�C�o�m�p�a�s�s�e�s �. �. �o �1�5 �0 �1 �0
�D�i�t�t�o �d�i�t�t�o �f�u�l�l �d�i�v�i�d�e�d�(û��g�.�1�6�5�8�) �. �1 �1�1 �6 �2 �0
�D�i�t�t�o �d�i�t�t�o �f�u�l�l �d�i�v�i�d�e�d�,�b�e�s�t�m�a�k�e�,�t�a�n�g�e�n�t�s�c�r�e�w�,

�s�c�r�e�w�a�d�j�u�s�t�m�e�n�t �, �_ �2 �0 �0 �2 �1�0
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�1�0�7�,�H�O�L�B�O�R�N�H�I�L�L�,�1�, �H�A�T�T�O�N�G�A�R�D�E�N�,�A�N�D�6�9�,�C�O�R�N�H�I�L�L�,�L�O�N�D�O�N�.�1�4�3

�F�1�0�.�1�6�5�8�. �, �F�I�G�.�1�6�6�7�.
� � 

�. �E�a�c�h�.
�.�6 �a�. �d�. �.�6 �a�. �d�.

�1�6�6�0�W�h�o�l�e�a�n�d�H�a�l�f�C�o�m�p�a�s�s�e�s�. �. �. �. �. �. �0 �1�7 �6 �1 �4 �0
�1�6�6�1�P�l�a�i�n�B�e�a�m�C�o�m�p�a�s�s�e�s�,�w�i�t�h�s�t�e�e�l�p�o�i�n�t�s�a�n�d�m�a�h�o�g�a�n�y

�b�a�r �. �. �. �. �. �. �. �. �. �. �l �l �0 �2 �1�0 �0
�1�6�6�2�B�e�s�t�d�i�t�t�o �d�i�t�t�o �w�i�t�h�p�e�n�,�p�e�n�c�i�l�,�s�t�e�e�l�p�o�i�n�t�s�,�a�n�d

�t�a�n�g�e�n�t�s�c�r�e�w�a�d�j�u�s�t�m�e�n�t�,�3�-�f�e�e�t�l�o�n�g �. �. �. �. �3 �1�0 �0 �4 �1�0 �0
�1�6�6�3�T�u�b�e�B�e�a�m�C�o�m�p�a�s�s�e�s�. �. �. �. �. �. �2 �0 �0 �2 �1�3 �0
�1�6�6�4�B�e�a�m�C�o�m�p�a�s�s�F�i�t�t�i�n�g�s�,�t�oû��t�a�n�y�b�a�r �. �. �. �0 �1�8 �0
�1�6�6�5�D�i�t�t�o �d�i�t�t�o �w�i�t�h�t�a�n�g�e�n�t�s�c�r�e�w�a�n�d�s�t�e�e�l�p�o�i�n�t�s �. �l �5 �0 �l �1�0 �0
�1�6�6�6�N�a�p�i�e�r ��s�P�o�c�k�e�t�C�o�m�p�a�s�s�e�s�. �- �. �. �. �. �1 �a �0 �2 �0 �o
�1�6�6�7�P�i�l�l�a�r�C�o�m�p�a�s�s�e�s�,�i�n �b�r�a�s�s�(û��g�.�1�6�6�7�) �. �. �f�r�o�m �1 �0 �0
�1�6�6�8�D�i�t�t�o �d�i�t�t�o �i�n �G�e�r�m�a�n�s�i�l�v�e�r �. �. �. �,�, �1 �5 �0
�1�6�6�9�D�i�t�t�o �d�i�t�t�o �w�i�t�h�l�e�n�g�t�h�e�n�i�n�g�b�a�r �. �. �. �2 �l�5 �0
�1�6�7�0�T�u�b�e�C�o�m�p�a�s�s�e�s�,�w�i�t�h�c�a�s�e�a�n�d�s�c�a�l�e �. �. �. �. �2 �2 �0
�1�6�7�1�D�i�t�t�o �d�i�t�t�o �b�e�s�t�s�e�c�t�o�r�-�j�o�i�n�t�e�d�,�i�n �c�a�s�e �. �. �. �- �2 �1�0 �6
�1�6�7�2�C�a�l�l�i�p�e�r�s�,�P�r�o�p�o�r�t�i�o�n�a�l�,�1�2�-�i�n�c�h �. �. �. �. �. �2 �0 �0 �2 �1�2 �6
�1�6�7�3�D�i�t�t�o �d�i�t�t�o �9�-�i�n�c�h �. �. �. �. �. �1 �1�4 �o �2 �'�2 �0
�1�6�7�4�P�e�n�t�a�g�r�a�p�h�s�,�i�n �b�r�a�s�s�,�o�f �t�h�e �b�e�s�t �c�o�n�s�t�r�u�c�t�i�o�n�,�f�o�r

�r�e�d�u�c�i�n�g�o�r�e�n�l�a�r�g�i�n�g�p�l�a�n�s�t�o�a�n�y�p�r�o�p�o�r�t�i�o�n�: �
�1�8�-�i�n�c�h�e�s �. �. �. �. �. �. �f�r�o�m �4 �l�4 �6
�2�4�-�i�n�c�h�e�s �. �. �. �. �. �. �. �. �5 �1�0 �0
�3�0�-�i�n�c�h�e�s �. �. �. �. �. �. �. �. �6 �1�0 �0
�3�6�-�i�n�c�h�e�s �. �. �. �. �. �. �. �. �7 �7 �0
�4�8�-�i�n�c�h�e�s �. �. �. �. �. �. �. �. �1�0�1�0 �0

�1�6�7�5�P�e�n�t�a�g�r�a�p�h�s�,�i�n �w�o�o�d�. �. �. �f�r�o�m �4 �0 �0
�1�6�7�6�C�e�n�t�a�'�i�l�i�n�e�a�d�,�f�o�r �d�r�a�w�i�n�g�b�u�i�l�d�i�n�g�s�,�&�c�.�,�i�n �p�e�r�s�p�e�c�t�i�v�e�,

�t�h�e�i�n�s�t�r�u�m�e�n�t�g�i�v�i�n�g�t�h�e�l�i�n�e�o�f�d�i�r�e�c�t�i�o�n�o�f�t�h�e�v�a�n�i�s�h
�i�n�g�p�o�i�n�t �. �. �. �. �. �. �1�1�0�0 �2 �0 �0

�1�6�7�7�E�l�i�p�s�o�g�r�a�p�h�s�,�f�o�r�s�t�r�i�k�i�n�g�o�v�a�l�s �. �. �.

�S�C�A�L�E�S�,�R�U�L�E�S�,�&�c�.

�1�6�7�8�E�b�o�n�y�P�a�r�a�l�l�e�l�R�u�l�e�s�: �
�6�-�l�n�. �9�-�l�u�. �lû��-�l�n�. �l�5�-�l�1�1�. �l�8�-�l�n�. �2�4�-�h�.

�1�/ �2�/ �s�/ �4�/ �5�/ �8�l�6
�1�6�7�9�I�v�o�r�y�P�a�r�a�l�l�e�l�R�u�l�e�s�,�6�-�i�n�c�h�. �. �. �. �. �0 �3 �0 �0 �4 �0
�1�6�8�0�D�i�t�t�o �d�i�t�t�o �G�e�r�m�a�n�s�i�l�v�e�r�m�o�u�n�t�s�. �. �. �. �0 �4 �0 �0 �5 �0

�1�6�8�1�R�o�l�l�i�n�g�P�a�r�a�l�l�e�l�R�u�l�e�s�,�E�b�o�n�y�: �
�P�l�a�i�n �

�6�-�l�n�. �9�-�l�n�. �l�2�-�l�n�. �lû��-�l�n�.

�7�/�6 �s�/ �1�0�/�6 �1�4�/
 � �1�6�8�1�'�D�i�t�t�o �d�i�t�t�o �w�i�t�h�I�v�o�r�y�E�d�g�e�s�a�n�d�R�o�l�l�e�r�s �

�6�-�1�1�1�. �9�-�l�n�. �l�2�-�l�n�. �l�5�-�l�n�.

�1�0�l�6 �1�2�/ �1�6�/ �2�0�/
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SCIENTIFIC INSTRUMENTS MANUFACTURED BY NEGRETTI & ZAMBRA,

Each.
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f

Twelve-inch Ivory Architects‘ Scales . . - - 0

Six-innhditto ditto . . . . . . .

Twelve-inch Ivory Architect’ Scales, mu divided, fiom
§ to 8-inches, containing 16 scales . , . .

Six-inch ditto ditto . . . . . . .

Twelve-inch Ivory chain or Plotting scales, 10 to so
dmfinstotheineh,ben . . . . . . .

Six-inchditto ditto best‘ . . . . . o 3

Ivory on‘-set Scales, 10 to so . . . from

Twelve-inch'Cha.in or Plotting Scales, in boxwood.
‘lo to so . . . . . . . .

six-inch ditto ditto . . . . . .

Twelve-inch Chain or Plotting Scales, 80 to 100 -

Two-inch 011’-sets for ditto
Six-inch Ivory Parallel _Bules

Six-inch Ivory Sector Scales

Six-inch Boxwood ditto
Six-inch Ivory Protractorl
Six-inch Boxwood ditto .

Twelve-inch Ivory Protractor
Red Line Protractor, for drawing
Ditto ditto with scale of feet .

Six-inch Ivory Navigation Scales, full divided

Six-inch Iilitary Scales . .

One-foot Gunter's Scales, best

Two-feet ditto ditto . . . . . .

'1‘wo-feet8lidingGunter'sScales. . . . .0 8

Harquois Scales, in case complete .

Ditto ditto without case

Ditto ~ ditto ivory
Ditto ditto metal . . . . . . 10

Gunners’ Rules . . . . . . . . o 3

Brass Protractors . . . . . . . . 0 1

Protractors, in horn, semi-circular, transparent, and very
convenient for measuring angles on paper, &c. :-

8|-in. 4-tn. 5-ln.

/4 /6 /9 1/

Divided into half-des'naI—6-ln. 6-in. 'l-In.
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�1�0�1�,�n�o�m�a�o�n�n�H�I�L�L�,�1�, �H�A�T�T�O�N�G�A�R�D�E�N�,�m�5�9�,�C�O�R�N�H�I�L�L�,�L�O�N�D�O�N�.�1�4�5

�E�a�c�h�. �E�a�c�h�.
�. �£ �.�1�. �(�l�. �:�2 �s�. �d�.

�1�7�1�6�C�i�r�c�u�l�a�r�P�r�o�t�r�a�c�t�o�r�s�,�b�e�s�t�6�-�i�n�c�h�,�w�i�t�h�t�a�n�g�e�n�t�s�c�r�e�w
�a�d�j�u�s�t�m�e�n�t�t�o�v�e�r�n�i�e�r �. �. �_ �4 �1�0 �6

�1�7�1�7�D�i�t�t�o �d�i�t�t�o �d�i�v�i�d�e�d�o�n�s�i�l�v�e�r�,�6�-�i�n�c�h �. �. �5 �1�0 �0
�1�7�1�8�D�i�t�t�o �d�i�t�t�o �. �. �. �7�-�i�n�c�h�,�£�6�1�0�:�. �8�-�i�n�c�h �7 �l�5 �0

�1�7�1�9�C�l�y�n�o�m�e�t�e�r�,�t�o �m�e�a�s�u�r�e�t�h�e�i�n�c�l�i�n�a�t�i�o�n�o�f�h�i�l�l�s�o�r�r�o�a�d�s�. �1 �1�6 �0
�1�7�1�9�'�G�o�n�i�o�m�e�t�e�r�,�W�o�o�l�l�a�s�t�o�n ��s�R�eû��e�c�t�i�n�g�,�f�o�r�m�e�a�s�u�r�i�n�g�t�h�e

�a�n�g�l�e�s�o�f �c�r�y�s�t�a�l�s�. �. �.

�1�7�2�0�M�a�p�M�e�t�e�r�,�o�r �O�p�i�s�o�m�e�t�e�r�,�f�o�r�m�e�a�s�u�r�i�n�g�c�u�r�v�e�d�l�i�n�e�s�. �0 �3 �6 �0 �4 �6
�1�7�-�2�1 �L�a�n�c�e�w�o�o�d�o�r �M�a�h�o�g�a�n�y�T�o�r �D�r�a�w�i�n�g�S�q�u�a�r�e�s�= �

�l�2�-�i�n�c�h�p�l�a�i�n �2�/�6�, �w�i�t�h�b�e�v�e�l �0 �4 �0
�l�8�-�i�n�c�h�,�, �3�/�6�, �,�, �0 �5 �0
�2�4�-�i�n�c�h�,�, �4�/�6�, �.�, �o �s �0

�1�7�2�2�T�S�q�u�a�r�e�s�,�w�i�t�h�s�h�i�f�t�i�n�g�b�e�v�i�l�a�n�d�c�l�a�m�p �. �. �. �0 �c �0 �0 �1�5 �0
�1�7�2�3�E�b�o�n�y�T�S�q�u�a�r�e�s�,�p�l�a�i�n�a�n�d�b�e�v�e�l �. �. �. �. �0 �5 �6 �0 �1�0 �0
�1�7�2�4�S�t�e�e�l�T�S�q�u�a�r�e�s�,�p�e�r�i�n�c�h �0 �o �s
�1�7�2�5�S�t�e�e�l�T�r�i�a�n�g�l�e�s�,�v�a�r�i�o�u�s�. �. �. �. �. �.
�1�7�2�6�S�t�e�e�l�S�t�r�a�i�g�h�t�E�d�g�e�s�,�p�e�r�f�o�o�t �. �. �. �. �. �o �5 �o
�1�7�2�7�I�v�o�r�y�,�E�b�o�n�y�,�a�n�d�B�o�x�w�o�o�d�A�c�u�t�e�,�O�b�t�u�s�e�,�a�n�d�R�i�g�h�t

�A�n�g�l�e�s �. �. �. �. �. �. �. �. �. �0 �2 �0 �0 �7 �6
�1�7�2�8�S�h�i�p�C�u�r�v�e�s�. �. �. �. �. �. �. �.�1�/�6�, �0 �1 �9 �o �2 �o
�1�7�2�9�S�e�t�o�f�d�e�i�i�C�u�r�v�e�s �1 �1 �o �5 �o �0
�1�7�3�0�M�e�t�t ��o�r�d ��s�D�o�u�b�l�e�S�e�t�o�f �I�v�o�r�y�P�o�c�k�e�t�S�c�a�l�e�s�,�a�r�r�a�n�g�e�d�f�o�r �e�n�g�i�n�e�e�r�s�,�a�r�c�h�i

�' �t�e�c�t�s�,�a�n�d�s�u�r�v�e�y�o�r�s�.�T�h�e�l�e�n�g�t�h�o�f �e�a�c�h�s�c�a�l�e�,�s�i�x�i�n�c�h�e�s�;�t�h�e�f�o�r�m�o�f�a�s�i�n�g�l�e
�s�c�a�l�e�,�a�r�i�g�h�t�-�a�n�g�l�e�t�r�i�a�n�g�l�e�,�t�w�o�m�a�k�i�n�g�a�s�q�u�a�r�e�o�r�s�e�t�; �t�h�e�t�w�o�s�e�t�s�a�r�e�p�a�c�k�e�d
�i�n �a �n�e�a�t�l�e�a�t�h�e�r�c�a�s�e�,�a�n�d�t�h�e�e�n�d�s�o�f �e�a�c�h�s�c�a�l�e�s�t�a�m�p�e�d�w�i�t�h�i�t�s �v�a�l�u�e�.�T�h�e
�t�r�i�a�n�g�u�l�a�r�f�o�r�m�e�n�a�b�l�e�s�a�l�l �t�h�e�s�c�a�l�e�s�b�e�i�n�g�c�o�n�v�e�n�i�e�n�t�l�y�p�l�a�c�e�d�o�n�t�h�e�e�d�g�e�s�.
�T�h�e�s�c�a�l�e�s�a�r�e�s�e�v�e�n�t�e�e�n�i�n �n�u�m�b�e�r�,�f�u�l�l�y�d�i�v�i�d�e�d�,�v�i�z�.�, �2�, �3�, �4�, �6�, �8�, �a�n�d�1�0
�c�h�a�i�n�s�t�o �t�h�e�i�n�c�h�;�6�6�f�e�e�t�a�n�d�6 �i�n�c�h�e�s�t�o �t�h�e�m�i�l�e�;�1�5�;�, �, �{�5�, �t�, �1�, �Q�, �i�-�i�n�c�h�,

�a�n�d�F�r�e�n�c�h�m�e�t�r�e�;�t�h�e�n�e�w�O�r�d�n�a�n�c�e�s�c�a�l�e�,�1�-�2�5�0�0�-�0�0�0�4�,�a�n�d�a�l�i�n�e�o�f�c�h�o�r�d�s�;
�a �n�u�m�b�e�r�o�f �c�o�n�s�t�a�n�t�s�c�a�r�e�f�u�l�l�y�w�o�r�k�e�d�o�u�t�,�a�r�e�p�l�a�c�e�d�o�n�t�h�e�f�a�c�e�s�o�f�e�a�c�h
�s�c�a�l�e�. �P�r�i�c�e�f�o�r�c�o�m�p�l�e�t�e�s�e�t�,�i�n �c�a�s�e �- �- �- �- �3 �0 �0

�1�7�3�1�I�m�p�r�o�v�e�d�E�n�g�i�n�e�e�r�s�'�R�u�l�e�,�_�i�n�b�o�x�w�o�o�d�a�n�d�i�v�o�r�y�,�w�i�t�h
�b�o�o�k�o�f�i�n�s�t�r�u�c�t�i�o�n�s �. �. �. �. �. �. �7�/�6�, �0 �1�0 �6 �1 �4 �0

�1�7�3�2�2�-�f�e�e�t�a�n�d�3�-�f�e�e�t�F�o�l�d�i�n�g�R�u�l�e�s�,�b�o�x�w�o�o�d�a�n�d�i�v�O �,
�w�i�t�h�b�r�a�s�s�o�r�G�e�r�m�a�n�s�i�l�v�e�r�m�o�u�n�t�s�,�v�a�r�i�o�u�s�.

�1�7�8�3�F�o�l�d�i�n�g�B�o�x�a�n�d�I�v�o�r�y�R�u�l�e�s�f�o�r �t�h�e�P�o�c�k�e�t�.�l�-�f�t�. �. �0 �1 �6 �0 �6 �0
�1�7�3�4�T�w�e�l�v�e�-�i�n�c�h�F�o�l�d�i�n�g�I�v�o�r�y�P�o�c�k�e�t�R�u�l�e�,�w�i�t�h�E�n�g�l�i�s�h�,

�F�r�e�n�c�h�,�S�p�a�n�i�s�h�,�a�n�d�R�h�i�n�e�l�a�n�d�s�c�a�l�e�s�. �. �. �0 �7 �6

�1�7�3�5�H�o�r�n�C�e�n�t�r�e�P�i�e�c�e�s �. �. �. �. �. �p�e�r�d�o�z�. �0 �2 �0
�1�7�3�6�D�r�a�w�i�n�g�P�i�n�s�.�. �. �. �. �,�,�/�6�,�0�1�0�0�1�6
�1�7�3�7�C�r�a�y�o�n�H�o�l�d�e�r�s �. �. �. �. �. �. �f�r�o�m �0 �1 �6
�1�7�3�8�S�m�a�l�l�P�e�n�c�i�l�s�f�o�r�M�a�t�h�e�m�a�t�i�c�a�l�I�n�s�t�r�u�m�e�n�t�s�- �. �0 �0 �6 �0 �1 �0
�1�7�3�9�P�r�e�p�a�r�e�d�W�a�t�e�r�C�o�l�o�u�r�s�,�i�n �b�o�x�e�s�,�b�y�t�h�e�m�o�s�t�a�p�p�r�o�v�e�d

�m�a�k�e�r�s�. �. �. �. �. �. �. �. �. �.

�1�7�4�0�D�r�a�w�i�n�g�B�o�a�r�d�s�. �. �. �. �. �. �. �5�/�6�, �1 �I �0 �3 �0 �.�0
�1�7�4�1�T�r�a�c�i�n�g�P�a�p�e�r �. �. �. �. �p�e�r�s�h�e�e�t�,�I�3�, �[�4�, �0 �0 �6 �0 �l �0

�L



�1�4�6 �S�C�I�E�N�T�I�F�I�C�I�N�S�T�R�U�M�E�N�T�S�M�A�N�U�F�A�C�T�U�R�E�D�B�Y�N�E�G�R�E�T�T�I�a�z�m�n�a�s�,

�G�L�O�B�E�S�A�N�D�O�R�R�E�R�I�E�S�.

� 

� � 

�E�a�c�h�. �E�a�c�h�.
�,�6 �s�. �1�1�. �£ �3�. �d�.

�1�7�4�2�P�o�c�k�e�t�G�l�o�b�e�s�,�8�-�i�n�.�d�i�a�m�e�t�e�r�,�i�n �h�i�n�g�e�d�c�a�s�e�(û��g�.�1�7�4�2�)�0 �1�0 �6 �0 �1�6 �O
�1�7�4�3�P�e�d�e�s�t�a�l�G�l�o�b�e�s�,�m�a�h�o�g�a�n�y�b�a�s�e�,�w�i�t�h�s�e�m�i�-�c�i�r�c�u�l�a�r�b�r�a�s�s�m�e�r�i�d�i�a�n�a�n�d�q�u�a�d�r�a�n�t

�o�f�a�l�t�i�t�u�d�e�(û��g�s�.�1�7�4�3�a�n�d�1�7�4�3�'�)�: �
�D�l�a�m�e�t�e�r �9�-�l�n�c�h�. �G�-�l�n�c�h�. �4�a�n�h�. �(�M�u�c�h�.

�E�a�c�h �2�1�/�, �2�4�/ �9�/�, �1�0�/�6 �6�/�, �7�/ �4�/�. �5�/

�F�r�e�e�.�1�7�4�3�A�N�D�1�7�4�3�!

�F�1�0�.�1�7�4�4�.

� � 

�1�7�4�4�T�a�b�l�e�G�l�o�b�e�s�,�b�l�a�c�k�s�t�a�i�n�e�d�w�o�o�d�f�r�a�m�e�s�,�w�i�t�h�b�r�a�s�s�m�e�r�i�d�i�a�n�a�n�d�q�u�a�d�r�a�n�t�o�f
�a�l�t�i�t�u�d�e�(û��g�.�1�7�4�4�)�: �

�D�l�a�m�e�t�e�r �. �l�5�-�1�n�c�h�. �l�2�-�l�n�c�h�. �9�-�l�n�c�h�.

�P�e�r�P�a�i�r �. �. �£�6 �6 �0 �£�4 �4 �0 �£�3 �3 �0
�1�7�4�5�T�a�b�l�e�G�l�o�b�e�s�,�m�a�h�o�g�a�n�y�f�r�a�m�e�,�w�i�t�h�b�r�a�s�s�m�e�r�i�d�i�a�n�a�n�d�q�u�a�d�r�a�n�t�o�f �a�l�t�i�t�u�d�e

�(û��g�.�1�7�4�4�)�: �
�D�l�a�m�e�t�e�r �2�0�4�m�m�. �l�5�-�l�n�c�h�. �l�2�-�l�n�c�h�. �9�-�i�n�c�h�. �G�-�l�n�c�h�.

�P�e�r�P�a�i�r �£�1�0�1�0 �0 �£�6�1�0 �0 �£�4�1�0 �0 �£�3�1�0 �0 �£�2 �2 �O

�1�7�4�6�G�l�o�b�e�s�,�m�o�u�n�t�e�d�,�C�h�a�i�r�-�h�i�g�h�,�p�l�a�i�n�p�i�l�l�a�r�a�n�d�c�l�a�w�,�w�i�t�h�c�o�m�p�a�s�s�e�s�a�n�d�q�u�a�d�r�a�n�t
�o�f �a�l�t�i�t�u�d�e�(û��g�.�1�7�4�6�)�: �

�D�l�a�m�e�t�e�r �2�5�-�i�n�c�h�. û��l�l�-�I�n�c�h�. �l�5�~�l�n�c�h�. �l�2�-�l�n�c�1�1�.

�P�e�r�P�a�i�r �£�2�5 �0 �0 �£�1�3�1�3 �0 �£�8 �8 �0 �£�5�l�o �0

�1�7�4�7�G�l�o�b�e�s�,�m�o�u�n�t�e�d�C�h�a�i�r�-�h�i�g�h�,�s�u�p�e�r�i�o�r�c�a�r�v�e�d�a�n�d�p�o�l�i�s�h�e�d�p�i�l�l�a�r�a�n�d�c�l�a�w�f�r�a�m�e�s�,
�w�i�t�h�c�o�m�p�a�s�s�e�s�,�q�u�a�d�r�a�n�t�o�f�a�l�t�i�t�u�d�e�,�a�n�d�d�o�u�b�l�e�h�o�u�r�c�i�r�c�l�e�s�(û��g�.�1�7�4�7�)�:�-�~

�D�i�a�m�e�t�e�r �2�5�-�i�n�c�h�. �2�0�-�l�n�c�h�. �l�5�-�l�n�c�h�. �l�2�-�l�n�c�h�.
�P�e�r�P�a�i�r�£�3�1 �1�0 �0 �£�1�5 �1�5 �0 �£�1�0�1�0 �0 �£�6 �1�6 �6



�1�0�7�,�n�o�n�s�o�n�x�H�I�L�L�,�1�, �H�A�T�T�O�N�G�A�R�D�E�N�,�m�5�9�, �o�o�a�m�n�m�,�L�O�N�D�O�N�.�1�4�7

�F�l�e�.�1�7�4�6�T�o�1�7�4�6�.�"
� � 

�1�7�4�8�G�l�o�b�e�s�,�m�o�u�n�t�e�d�C�h�a�i�r�-�h�i�g�h�,�o�n�h�i�g�h�l�yû��n�i�s�h�e�d�a�n�d
�c�a�r�v�e�d�t�r�i�p�o�d�f�r�a�m�e�s�,�o�f �p�o�l�i�s�h�e�d�S�p�a�n�i�s�h�m�a�h�o�g�a�n�y�,
�w�i�t�h�c�o�m�p�a�s�s�e�s�,�q�u�a�d�r�a�n�t�o�f�a�l�t�i�t�u�d�e�,�a�n�d�d�o�u�b�l�e�h�o�u�r

�c�i�r�c�l�e�(û��g�.�1�7�4�8�)�: �
�D�l�n�m�e�t�e�rû��i�t�-�I�n�c�h�. �Q�O�-�I�n�c�h�. �l�o�-�l�n�o�h�. �l�i�-�i�n�e�h�.

�P�e�r�P�a�i�r �3�6�/�1�5�1�0 �1�8�/�1�8�/�0 �1�2�/�1�2�/�0 �7�/�1�0�/�0
�1�7�4�9�S�c�h�o�o�l�G�l�o�b�e�s�,�m�o�u�n�t�e�d�t�o �s�u�s�p�e�n�d�f�r�o�m�t�h�e�c�e�i�l�i�n�g�,�w�i�t�h

�q�u�a�d�r�a�n�t�o�f �a�l�t�i�t�u�d�e�(û��g�.�1�7�4�9�)�\�: �
�D�l�a�l�n�e�t�e�r �û��o�-�l�n�c�h�. �2�0�-�l�n�c�h�. �1�.�5�-�i�n�c�h�. �1�2�4�m�b�.

�E�a�c�h�£�7�7�0�£�3�1�0�0�£�1�1�5�0�£�1�0�0

�G�l�o�b�e�s�,�m�o�u�n�t�e�d�i�n �r�o�s�e�w�o�o�d�,�w�a�l�n�u�t�-�w�o�o�d�,�s�a�t�i�n�-�w�o�o�d�,�&�c�.�,�a�t �1�0
�t�o�2�0�p�e�r�c�e�n�t�.�i�n�c�r�e�a�s�e�o�n�t�h�e�a�b�o�v�e�p�r�i�c�e�s�. �A�n�y�p�a�r�t�i�c�u�l�a�r�t�y�l�e

�o�f�f�r�a�m�e�m�a�d�e�t�o �o�r�d�e�r�.

�1�7�5�0�C�o�v�e�r�s�f�o�r�G�l�o�b�e�s�,�o�f �s�o�f�t�m�o�l�e�s�k�i�n�l�i�n�e�d�: �
�r�b�i�-�2�5�-�i�n�c�h�G�l�o�b�e�. �2�0�-�i�n�c�h�G�l�o�b�e�. �l�i�t�-�i�n�c�h�G�l�o�b�e�. �l�a�-�l�b�o�b�G�l�o�b�e�.

�4�0�/ �2�6�/ �1�6�] �1�0�1�6
�1�7�5�1�Q�u�a�d�r�a�n�t�s�o�f �A�l�t�i�t�u�d�e�: �

�r�b�r�2�5�-�l�n�.�G�l�o�b�e�.�2�a�m�.�G�l�o�b�e�. �l�b�-�l�i�i�. �G�l�o�b�e�. �l�2�-�l�n�.�G�l�o�b�e�. �s�-�l�n�.�G�l�o�b�e�. �6�4�1�2�.�G�l�o�b�e�. �3�-�I�n�.�G�l�o�b�e�.
�1�0�/�6 �6�/ �4�1�6 �3�/�6 �s�/ �2�/ �1�/�6

�O�l�d�G�l�o�b�e�s�r�e�p�a�i�r�e�d�a�n�d�r�e�-�c�o�v�e�r�e�d�w�i�t�h�m�o�d�e�r�n�m�a�p�s�,�a�n�d�t�h�e�b�r�a�s�s�m�o�u�n�t�i�n�g�s�c�l�e�a�n�e�d

�a�n�d�r�e�-�l�a�c�q�u�e�r�e�d�,�r�e�n�d�e�r�i�n�g�t�h�e�m�e�q�u�a�l�t�o �n�e�w�.
�E�a�c�h�. �E�a�c�h�.

�' �s �i�. �d�. �s �i�. �d�.
�1�7�5�2�M�a�n�u�a�l�P�l�a�n�i�t�a�r�i�u�m�s�,�o�r�T�e�l�l�u�r�i�a�n�s�,�s�h�o�w�i�n�g�t�h�e�r�e�l�a�t�i�v�e

�p�o�s�i�t�i�o�n�s�o�f �t�h�e�p�l�a�n�e�t�s�a�n�d�t�h�e�i�r�s�a�t�e�l�l�i�t�e�s�,�&�c�. �. �3�0�!�, �2 �l�2 �0 �5 �5 �0
�1�7�5�3�O�r�r�e�r�y�,�e�x�h�i�b�i�t�i�n�g�t�h�e�r�e�l�a�t�i�v�e�p�o�s�i�t�i�o�n�s�o�f�a�l�l �t�h�e�p�r�i�n�c�i�p�a�l

�p�l�a�n�e�t�s�a�n�d�t�h�e�i�r�s�a�t�e�l�l�i�t�e�s�;�t�h�e�d�i�u�r�n�a�l�a�n�d�a�n�n�u�a�l�m�o�t�i�o�n
�o�f�t�h�e�e�a�r�t�h�; �t�h�e�m�o�o�n�'�s�p�h�a�s�e�s�a�n�d�n�o�d�e�s�,�&�c�.�; �t�o�m�o�v�e
�w�i�t�h�a�t�r�a�i�n�o�f�w�h�e�e�l�w�o�r�k�a�n�d�w�i�n�c�h�h�a�n�d�l�e�s�(û��g�.�1�7�5�3�)�1�0 �0 �0 �1�6

�1�7�5�4�O�r�r�e�r�y�,�w�i�t�h�p�l�a�i�n�m�o�u�n�t�i�n�g�,�t�o�m�o�v�e�b�y�t�h�e�h�a�n�d�. �. �4 �0 �0 �5 �0 �0
�1�7�5�5�C�o�m�p�l�e�t�e�O�r�r�e�r�i�e�s�,�r�e�p�r�e�s�e�n�t�i�n�g�t�h�e�m�o�t�i�o�n�s�o�f �a�l�l �t�h�e �'

�p�l�a�n�e�t�s�a�n�d�t�h�e�i�r�s�a�t�e�l�l�i�t�e�s�;�t�h�e�v�a�r�i�o�u�s�m�o�v�e�m�e�n�t�s�o�f
�t�h�e�e�a�r�t�h�a�n�d�m�o�o�n�;�t�h�e�s�u�n�r�o�t�a�t�i�n�g�o�n�i�t�s �a�x�i�s�,�&�c�.�;
�a�r�r�a�n�g�e�d�w�i�t�h�v�e�r�y�s�u�p�e�r�i�o�r�c�l�o�c�k�-�w�o�r�k�m�o�t�i�o�n�,�i�n �a
�m�a�h�o�g�a�n�y�a�n�d�b�r�a�s�s�f�r�a�m�e �. �. �. �. �f�r�o�m �5�0 �0 �0

�1�7�5�6�D�i�a�g�r�a�m�s�,�i�l�l�u�s�t�r�a�t�i�n�g�t�h�e �S�c�i�e�n�c�e�s�o�f �A�s�t�r�o�n�o�m�y�,
�G�e�o�g�r�a�p�h�y�,�G�e�o�l�o�g�y�,�&�c�.�, �&�c�.�, �f�o�r �c�l�a�s�s�t�e�a�c�h�i�n�g�,�o�r
�s�u�i�t�e�d�t�o �l�e�c�t�u�r�e�r�s�. �. �. �. �. �. �. �.

� � 

�O �O



�S�C�I�E�N�T�I�F�I�C�I�N�S�T�R�U�M�E�N�T�S�M�A�N�U�F�A�C�T�U�R�E�D�B�Y�N�E�G�R�E�T�T�I�&�Z�A�M�B�R�A�,

� 

�M�E�C�H�A�N�I�C�S�A�N�D�D�Y�N�A�M�I�C�S�.

�F�m�.�1�7�8�2�.

� 
� � � 

� 

� � 

�T�h�e�M�o�d�e�l�s�,�&�c�.�,�d�e�t�a�i�l�e�d�i�n �t�h�i�s�s�e�c�t�i�o�n�w�i�l�l �b�e�f�o�u�n�d�v�a�l�u�a�b�l�e�a�i�d�s�t�o�t�h�e�t�e�a�c�h�e�r

�a�n�d�s�t�u�d�e�n�t�i�n �s�t�u�d�y�i�n�g�t�h�e�l�a�w�s�o�f �m�o�t�i�o�n�a�n�d�t�h�e�s�c�i�e�n�c�e�o�f �m�e�c�h�a�n�i�c�s�.
�E�a�c�h�. �E�a�c�h�.

�£ �s�. �d�. �.�5 �s�. �d�.
�1�7�5�7�M�o�d�e�l�A�p�p�a�r�a�t�u�s�f�o�r �e�x�h�i�b�i�t�i�n�g�t�h�e �M�e�c�h�a�n�i�c�a�l

�P�o�w�e�r�s�,�v�i�z�.�, �l�e�v�e�r�s�,�s�i�m�p�l�e�a�n�d�c�o�m�p�o�u�n�d�,�p�u�l�l�e�y�s�o�f
�d�i�f�f�e�r�e�n�t�k�i�n�d�s�,�w�h�e�e�l�a�n�d�a�x�l�e�,�i�n�c�l�i�n�e�d�p�l�a�n�e�,�s�c�r�e�w�s

�o�f �v�a�r�i�o�u�s�s�i�z�e�s�a�n�d�p�i�t�c�h�,�w�e�d�g�e�s�,�c�a�p�s�t�a�n�,�&�c�.�, �i�n
�m�a�h�o�g�a�n�y�a�n�d�b�o�x�w�o�o�d�;�i�n �c�a�s�e�,�w�i�t�h�w�e�i�g�h�t�s�c�o�m�p�l�e�t�e�,

�£�3 �3 �O �5 �5 �0 �7 �7 �0

�I�7�5�8 �D�i�t�t�o �~ �d�i�t�t�o �m�o�r�e�h�i�g�h�l�yû��n�i�s�h�e�d�,�a�n�d�c�o�m�p�l�e�t�e�w�i�t�h �'
�b�r�a�s�s�,�p�u�l�l�e�y�s�,�&�c�. �. �. �. �. �. �. �. �1�0�1�0�0 �2�0 �0 �0

�1�7�5�9�S�e�t�s�o�f�L�e�v�e�r�s�,�c�o�m�p�r�i�s�i�n�g�t�h�e�t�h�r�e�e�o�r�d�e�r�s�,�a�n�d�t�h�e�b�e�n�t
�f�o�r�m �. �. �. �1�0�]�, �0 �l�5 �0 �l �l �0

�1�7�6�0�D�i�t�t�o �d�i�t�t�o �i�n �b�r�a�s�s �. �. �. �. �. �4 �4 �0 �5 �5 �0
 ��1�7�6�1 �S�y�s�t�e�m�s�o�f�P�u�l�l�e�y�s�,�s�i�m�p�l�e�a�n�d�c�o�m�p�o�u�n�d�. �. �1�5�/�, �1 �1 �o �1 �1�0 �o
�1�7�6�2�I�n�c�l�i�n�e�d�P�l�a�n�e�,�w�i�t�h�c�a�r�r�i�a�g�e�a�n�d�w�e�i�g�h�t�s �. �. �. �o �1�0 �o �o �1�5 �o
�1�7�6�3�M�o�d�e�l�s�,�t�o�s�h�o�w�t�h�e�f�o�r�m�a�t�i�o�n�o�f �t�h�e�s�c�r�e�w�a�n�d�n�u�t�,�t�o

�i�l�l�u�s�t�r�a�t�e�t�h�e �a�c�t�i�o�n�o�f �s�c�r�e�w�s�o�f �d�i�f�f�e�r�e�n�t�d�e�g�r�e�e�s�o�f
�i�n�c�l�i�n�a�t�i�o�n�,�t�h�e�e�n�d�l�e�s�s�s�c�r�e�w�a�n�d�c�o�m�p�o�u�n�d�s�c�r�e�w�s�,�1�0�/�6�, �0 �l�5 �0 �l �5 �0

�1�7�6�4�A�d�h�e�s�i�o�n�P�l�a�t�e�s�,�o�f �g�l�a�s�s�,�w�i�t�h�h�a�n�d�l�e�s�. �. �. �. �0 �1�0 �0 �0 �1�5 �0
�1�7�6�5�I�n�e�r�t�i�a�A�p�p�a�r�a�t�u�s�,�w�i�t�h�b�r�a�s�s�b�a�l�l�,�m�o�u�n�t�e�d�o�n�a �s�t�a�n�d�0 �1�0 ��0 �0 �l�5 �0
�1�7�6�6�A�p�p�a�r�a�t�u�s�f�o�r�s�h�o�w�i�n�g�t�h�e�i�m�p�e�n�e�t�r�a�b�i�l�i�t�y�o�f �m�a�t�t�e�r �. �0 �3 �6 �0 �5 �0
�1�7�6�7�G�y�r�o�s�c�o�p�e�,�o�r �F�o�u�c�a�u�l�t ��s�A�p�p�a�r�a�t�u�s�,�t�o �d�e�m�o�n�s�t�r�a�t�e

�t�h�e�i�n�e�r�t�i�a�,�o�r�t�h�a�t�p�r�o�p�e�r�t�y�o�f�m�a�t�t�e�r�w�h�i�c�h�r�e�s�i�s�t�s�a�n�y
�c�h�a�n�g�e�o�f �s�t�a�t�e�,�e�i�t�h�e�r�o�f �m�o�t�i�o�n�o�r �r�e�s�t�; �a�l�s�o �t�o
�i�l�l�u�s�t�r�a�t�e�t�h�e�p�r�e�c�e�s�s�i�o�n�o�f �t�h�e�e�q�u�i�a�n�(û��g�.�1�7�6�7�) �. �l �5 �0 �'�2 �1�0 �0

�1�7�6�7�'�G�y�r�o�s�c�o�p�e�,�i�n �m�a�h�o�g�a�n�y�b�o�x �. �. �. �. �. �. �3 �0 �0



�1�0�7�,�H�O�L�B�O�R�N�H�I�L�L�,�1�, �H�A�T�T�O�N�G�A�R�D�E�N�,�s�u�n�5�9�, �C�O�R�N�H�I�L�L�,�L�O�N�D�O�N�.�1�4�9

�1�7�7�2

�1�7�7�3
�1�7�7�4

�I�7�7�5

�1�7�7�6

�1�7�7�7

�1�7�7�8

�1�7�7�9

�1�7�8�0

�1�7�8�1
�1�7�8�2

�1�7�8�3

�1�7�8�4

�1�7�8�5

�1�7�8�6
�1�7�8�7

�1�7�8�8
�1�7�8�9

�A�p�p�a�r�a�t�u�s�f�o�r �d�e�t�e�r�m�i�n�i�n�g�t�h�e �c�e�n�t�r�e�o�f �g�r�a�v�i�t�y�o�f
�v�a�r�i�o�u�s�l�y�s�h�a�p�e�d�b�o�d�i�e�s �. �. �. �.

�A�p�p�a�r�a�t�u�s�i�l�l�u�s�t�r�a�t�i�n�g�t�h�a�t�t�h�e�s�t�a�b�i�l�i�t�y�o�f�a �b�o�d�y�d�e�p�e�n�d�s
�u�p�o�n�t�h�e�c�e�n�t�r�e�o�f�g�r�a�v�i�t�y �. �. �. �. �.

�D�o�u�b�l�e�C�o�n�e�a�n�d�I�n�c�l�i�n�e�d�P�l�a�n�e�,�t�o �s�h�o�w�t�h�e�d�e�s�c�e�n�t
�o�f �t�h�e�c�e�n�t�r�e�o�f �g�r�a�v�i�t�y�,�a�l�t�h�o�u�g�h�t�h�e�c�o�n�e�a�p�p�a�r�e�n�t�l�y

�m�o�v�e�s�u�p�w�a�r�d�s�. �. �. �. �. �. �. �.
�A�p�p�a�r�a�t�u�s�f�o�r �i�l�l�u�s�t�r�a�t�i�n�g�t�h�e�p�a�r�a�l�l�e�l�o�g�r�a�m�o�f �f�o�r�c�e�s�,

�w�i�t�h�w�e�i�g�h�t�s�,�&�c�.�,�c�o�m�p�l�e�t�e �. �. �. �. �.
�A�t�t�w�o�o�d ��s�M�a�c�h�i�n�e�f�o�r�d�e�m�o�n�s�t�r�a�t�i�n�g�t�h�e�l�a�w�s�o�f �f�a�l�l�i�n�g

�b�o�d�i�e�s�,�w�i�t�h�p�e�n�d�u�l�u�m�b�e�a�t�i�n�g�s�e�c�o�n�d�s�,�w�e�i�g�h�t�s�,�&�c�.�;
�c�o�m�p�l�e�t�e�o�n�s�t�a�n�d �. �. �. �.

�D�i�t�t�o �d�i�t�t�o �s�i�m�p�l�e�f�o�r�m �. �.�- �. �. �.
�A�p�p�a�r�a�t�u�s�t�o �s�h�o�w�t�h�a�t�a �b�o�d�y�t�a�k�e�s�t�h�e�s�a�m�e�t�i�m�e�t�o

�d�e�s�c�e�n�d�t�h�e�d�i�a�m�e�t�e�r�o�r�c�h�o�r�d�o�f �a�c�i�r�c�l�e�,�w�h�a�t�e�v�e�r�t�h�e�l�e�n�g�t�h�o�f �t�h�a�t�c�h�o�r�d�m�a�y�b�e�. �A �. �. �. �. �.

�A�p�p�a�r�a�t�u�s�t�o �i�l�l�u�s�t�r�a�t�e�t�h�a�t �t�h�e�t�i�m�e�r�e�q�u�i�r�e�d�f�o�r �t�h�e
�d�e�s�c�e�n�t�o�f�b�o�d�i�e�s�d�o�w�n�a�n�i�n�c�l�i�n�e�d�p�l�a�n�e�,�i�s �p�r�o�p�o�r�t�i�o�n�a�t�e
�t�o �i�t�s �l�e�n�g�t�h�. �. �. �. �. �. �'�. �.

�A�p�p�a�r�a�t�u�s�t�o �d�e�m�o�n�s�t�r�a�t�e�t�h�a�t �t�h�e�t�i�m�e�r�e�q�u�i�r�e�d�f�o�r �a
�f�a�l�l�i�n�g�b�o�d�y�t�o �r�e�a�c�h�t�h�e�g�r�o�u�n�d�i�s �t�h�e�s�a�m�e�,�w�h�a�t�e�v�e�r
�b�e�t�h�e�f�o�r�c�e�o�f �p�r�o�j�e�c�t�i�o�n �. �. �. �.

�A�p�p�a�r�a�t�u�s�t�o�i�l�l�u�s�t�r�a�t�e�t�h�e�c�u�r�v�e�o�f �q�u�i�c�k�e�s�t�d�e�s�c�e�n�t
�A�p�p�a�r�a�t�u�s�t�o �s�h�o�w�t�h�e�p�a�r�a�b�o�l�i�c�c�u�r�v�e�d�e�s�c�r�i�b�e�d�b�y�a

�p�r�o�j�e�c�t�i�l�e �. �. �. �. �. �. �. �. �.

�A�p�p�a�r�a�t�u�s�t�o �i�l�l�u�s�t�r�a�t�e�t�h�e�l�a�w�s�o�f �c�o�l�l�i�s�i�o�n�,�w�i�t�h�d�i�v�i�d�e�d
�a�r�c�a�n�d�i�v�o�r�y�b�a�l�l�s �. �. �. �. �.

�A�p�p�a�r�a�t�u�s�t�o�i�l�l�u�s�t�r�a�t�e�t�h�e�c�o�m�p�o�s�i�t�i�o�n�o�f �f�o�r�c�e
�A�p�p�a�r�a�t�u�s�t�o�i�l�l�u�s�t�r�a�t�e�t�h�e�e�q�u�i�l�i�b�r�i�u�m�o�f�f�o�r�c�e�s�,�c�o�m�p�l�e�t�e
�W�h�i�r�l�i�n�g�T�a�b�l�e�a�n�d�A�p�p�a�r�a�t�u�s�c�o�m�p�l�e�t�e�,�f�o�r �i�l�l�u�s�t�r�a

�t�i�n�g�t�h�e�l�a�w�s�o�f �c�e�n�t�r�a�l�f�o�r�c�e�s�(û��g�s�.�1�7�8�2�) �.
�M�o�d�e�l�t�o �i�l�l�u�s�t�r�a�t�e�t�h�e�c�o�n�s�t�r�u�c�t�i�o�n�a�n�d�p�r�o�p�e�r�t�i�e�s�o�f�a�n

�M�o�d�e�l�t�o �s�h�o�w�t�h�e�p�r�o�p�e�r�t�i�e�s�o�f �c�r�o�w�n�,�s�p�u�r�,�a�n�d�b�e�v�i�l
�w�h�e�e�l�s�,�w�h�e�e�l�a�n�d�p�i�n�i�o�n�,�a�n�d�r�a�c�k�a�n�d�p�i�n�i�o�n �. �.

�M�o�d�e�l�t�o �d�e�m�o�n�s�t�r�a�t�e�t�h�e �p�r�o�p�e�r�t�i�e�s�'�o�f �s�t�e�e�l�d�e�a�n�d
�b�a�l�a�n�c�e�. �. �. �. �. �. �. �.

�M�o�d�e�l�o�f�C�a�p�s�t�a�n�o�r �W�i�n�d�l�a�s�s�- �- �i �- �.
�G�l�a�s�s�M�o�d�e�l�s�,�f�o�r�t�e�a�c�h�i�n�g�g�e�o�m�e�t�r�y�a�n�d�c�r�y�s�t�a�l�l�o�g�r�a�p�h�y
�S�m�a�l�l�S�e�t�s�o�f �G�e�o�m�e�t�r�i�c�a�l�S�o�l�i�d�s�a�n�d�P�l�a�n�e�s�- �.
�L�a�r�g�e�r�S�e�t�s�o�f�d�i�t�t�o�,�w�i�t�h�s�e�c�t�i�o�n�s�o�f �t�h�e�c�y�l�i�n�d�e�r�,�c�o�n�e�,

�a�n�d�s�p�h�e�r�e �. �. �. �1�0�1�6�,

�E�a�c�h�.
�1�3 �s�. �d�.

�0�1�5�0

�0�1�5�0
�1�0�0
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�2�]

�G�e
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�E�a�c�h�.
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�1�0
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�S�C�I�E�N�T�I�F�I�C�I�N�S�T�R�U�M�E�N�T�S�M�A�N�U�F�A�C�T�U�R�E�D�B�Y�N�E�G�R�E�T�T�I�&�Z�A�M�B�R�A�,

�M�O�D�E�L�S

�T�O�I�L�L�U�S�T�R�A�T�E�T�H�E�S�T�E�A�M�E�N�G�I�N�E�A�N�D�V�A�R�I�O�U�S

�O�T�H�E�R�M�A�C�H�I�N�E�S�A�N�D�E�N�G�I�N�E�S�.

�F�1�0�.�1�7�9�2�. �F�1�0�.�1�7�9�3�.

� � � 

� � � 

� � 

�1�7�9�0�M�a�r�c�e�t ��s�A�p�p�a�r�a�t�u�s�,�w�i�t�h�b�a�r�o�m�e�t�e�r�,�t�h�e�r�m�o�m�e�t�e�r�,�s�t�o�p
�c�o�c�k�,�a�n�d�j�e�t �a�t�t�a�c�h�e�d�,�f�o�r�s�h�e�w�i�n�g�t�h�e�t�e�m�p�e�r�a�t�u�r�e�a�n�d
�e�l�a�s�t�i�c�f�o�r�c�e�o�f �h�i�g�h�p�r�e�s�s�u�r�e�s�t�e�a�m�,�a�n�d�t�h�e�m�o�s�t�i�m
�p�o�r�t�a�n�t�f�a�c�t�s�c�o�n�n�e�c�t�e�d�w�i�t�h�l�a�t�e�n�t�c�a�l�o�r�i�c�(û��g�.�1�7�9�0�)�. �3 �3 �0 �4 �0 �0

�1�7�9�1�D�r�,�U�r�e�'�g�S�t�e�a�m�A�p�p�a�r�a�t�u�s�,�f�o�r�d�e�m�o�n�s�t�r�a�t�i�n�g�t�h�e�s�a�m�e
�f�a�c�t�s�a�s�M�a�r�c�e�t ��s�. �. �. �. �. �. �. �. �3 �l�4 �0

�1�7�9�2�D�r�.�W�o�o�l�l�a�a�t�o�n ��s�A�p�p�a�r�a�t�u�s�,�s�h�o�w�i�n�g�t�h�e�p�r�o�d�u�c�t�i�o�n�o�f
�m�o�t�i�o�n�b�y�t�h�e �g�e�n�e�r�a�t�i�o�n�a�n�d�c�o�n�d�e�n�s�a�t�i�o�n�o�f �s�t�e�a�m
�(û��g�.�1�1�9�2�) �. �. �. �. �. �. �. �. �. �o �7 �s

�1�7�9�3�G�l�a�s�s�M�o�d�e�l�s�o�f �H�e�r�o ��s�S�t�e�a�m�E�n�g�i�n�e�,�m�o�u�n�t�e�d�o�n
�s�t�a�n�d�,�w�i�t�h�s�p�i�r�i�t�l�a�m�p�(û��g�.�1�7�9�3�) �. �. �. �. �0 �.�5 �0 �0 �1�0 �0

�O�1�7�9�4�W�o�r�k�i�n�g�M�o�d�e�l�o�f �H�e�r�o ��s�R�o�t�a�t�o�r�y�E�n�g�i�n�e �- �- �3 �0



�1�0�1�,�H�O�L�B�O�R�N�H�I�L�L�,�1�, �H�A�T�T�O�N�G�A�R�D�E�N�,�A�N�D�5�9�, �C�O�R�N�H�I�L�L�,�L�O�N�D�O�N�.�1�5�1

�1�7�9�5
�1�7�9�6

�1�7�9�7
�1�7�9�8

�1�7�9�9

�1�8�0�0

�1�8�0�1
�1�8�0�2

�1�8�0�3

�1�8�0�4

�1�8�0�5

�l �8�0�6

�1�8�0�7

�1�8�0�8

�1�8�0�9

�1�8�1�0

�W�o�r�k�i�n�g�M�o�d�e�l�o�f�D�e�C�a�u ��s�E�n�g�i�n�e
�W�o�r�k�i�n�g�M�o�d�e�l�o�f�B�r�a�n�c�a ��s�E�n�g�i�n�e �-
�W�o�r�k�i�n�g�M�o�d�e�l�o�f �S�a�v�o�r�y�'�s�E�n�g�i�n�e�. �. �. �.
�W�o�r�k�i�n�g�M�o�d�e�l�o�f �W�a�t�t�s�'�L�o�w�P�r�e�s�s�u�r�e�o�r �C�o�n�d�e�n

�s�i�n�g�E�n�g�i�n�e �. �. �. �. �. �. �. �.
�W�o�r�k�i�n�g�M�o�d�e�l�s�o�f �v�a�r�i�o�u�s�H�i�g�h�a�n�d�L�o�w�P�r�e�s�s�u�r�e

�S�t�e�a�m�E�n�g�i�n�e�s�,�a�s �P�a�p�i�n ��s�,�N�e�w�c�o�m�e�n ��s�,�C�a�r�t�w�r�i�g�h�t ��s�,
�H�o�r�n�b�l�o�w�e�r ��s�,�G�a�l�l�o�w�a�y ��s�,�&�c�. �. �. �. �. �.

�W�o�r�k�i�n�g�M�o�d�e�l�s�o�f �O�s�c�i�l�l�a�t�i�n�g�E�n�g�i�n�e�,�w�i�t�h�b�o�i�l�e�r
�a�n�d�l�a�m�p�a�t�t�a�c�h�e�d�(û��g�.�1�8�0�0�) �. �2�1�/�,

�D�i�t�t�o �d�i�t�t�o �l�a�r�g�e�r�,�o�n�t�a�b�l�e�s�t�a�n�d�. �. �.
�W�o�r�k�i�n�g�M�o�d�e�l�o�f �a�F�o�u�r�-�W�h�e�e�l�L�o�c�o�m�o�t�i�v�e�S�t�e�a�m

�E�n�g�i�n�e�,�m�a�d�e�t�o�s�c�a�l�e �. �. �. �. �. �.

�F�1�0�.�1�8�0�3�.

� 

�E�a�c�h�.

�1�1 �a�. �d�.
 ��0�:�8�8�! �

�a�s�»�?

�H�O

�2�0�0

�1�1�0�0
�5�0�0

�2�1�0
�1�0 �0

�2�5�0

� � 

�W�o�r�k�i�n�g�M�o�d�e�l�o�f �a �S�i�x�-�W�h�e�e�l�L�o�c�o�m�o�t�i�v�e�S�t�e�a�m
�E�n�g�i�n�e�,�s�u�c�h�a�s �a�r�e�n�o�w�e�m�p�l�o�y�e�d�o�n�m�o�s�t�r�a�i�l�r�o�a�d�s

�(û��g�.�1�8�0�3�)�m�a�d�e�t�o �s�c�a�l�e �. �. �. �. �.
�M�o�d�e�l�R�a�i�l�r�o�a�d�s�,�w�i�t�h�c�h�a�i�r�s�a�n�d�r�a�i�l�s�,�f�o�r�t�h�e�a�b�o�v�e
�M�o�d�e�l�s�o�f �R�a�i�l�w�a�y�T�r�a�i�n�s�,�c�o�n�s�i�s�t�i�n�g�o�f �t�e�n�d�e�r�,�m�a�i�l�,

û��r�s�t�, �s�e�c�o�n�d�,�a�n�d�t�h�i�r�d�-�c�l�a�s�s�c�a�r�r�i�a�g�e�s�,�l�u�g�g�a�g�e�a�n�d
�c�a�t�t�l�e�w�a�g�g�o�n�s�,�a�n�d�t�r�u�c�k�s �. �. �. �f�r�o�m

�S�m�a�l�l�W�o�r�k�i�n�g�M�o�d�e�l�o�f �L�o�c�o�m�o�t�i�v�e�,�w�i�t�h�C�i�r�c�u�l�a�r
�R�a�i�l�w�a�y�,�3�-�f�t�i�n �d�i�a�m�e�t�e�r�. �. �. �. �. �.

�W�o�r�k�i�n�g�M�o�d�e�l�o�f �a �M�a�r�i�n�e�B�e�a�m�E�n�g�i�n�e�,�w�i�t�h
�p�a�d�d�l�e�-�w�h�e�e�l�s�,�&�c�.�, �a�s �e�m�p�l�o�y�e�d�i�n �m�o�s�t�s�e�a�-�g�o�i�n�g
�s�t�e�a�m�e�r�s �. �. �. �. �. �. �f�r�o�m

�W�o�r�k�i�n�g�M�o�d�e�l�o�f �P�e�n�n ��s�V�i�b�r�a�t�i�n�g�E�n�g�i�n�e�.�T�h�e�s�e
�e�n�g�i�n�e�s�b�e�i�n�g�s�i�m�p�l�e�a�n�d�c�o�m�p�a�c�t�,�a�r�e �e�x�t�e�n�s�i�v�e�l�y

�e�m�p�l�o�y�e�d�i�n �t�h�e�T�h�a�m�e�s�s�t�e�a�m�-�b�o�a�t�s �f�r�o�m
�M�o�d�e�l�S�t�e�a�m�-�B�o�a�t�s�,û��t�t�e�d�w�i�t�h�w�o�r�k�i�n�g�e�n�g�i�n�e�s�a�n�d

�p�a�d�d�l�e�-�w�h�e�e�l�s�,�o�r�s�c�r�e�w�p�r�o�p�e�l�l�e�r�. �.
�M�o�d�e�l�o�f �P�e�r�k�i�n�s ��s�S�t�e�a�m�G�u�n�,�f�o�r �p�r�o�j�e�c�t�i�n�g�b�u�l�l�e�t�s�,

�w�i�t�h�a �s�t�r�o�n�g�b�o�i�l�e�r�,�g�e�n�e�r�a�t�i�n�g�s�t�e�a�m�a�t �a �p�r�e�s�s�u�r�e�o�f
�2�0�0�-�l�b�s�.�p�e�r�s�q�u�a�r�e�i�n�c�h

�.�1�0�0�0

�4�5�0

�1�0�0

�3�0�0

�2�0�0

�1�5�0

�1�0�0

�E�a�c�h�.
�4
�0

�0

�0

�0



�S�C�I�E�N�T�I�F�I�C�I�N�S�T�R�U�M�E�N�T�S�M�A�N�U�F�A�C�T�U�R�E�D�B�Y�N�E�G�R�E�T�T�I�&�Z�A�M�B�R�A�,

� 

� � 

� 

�E�a�c�h�. �E�a�c�h�.

�_ �£ �a�. �d�. �.�£ �a�. �d�.
�1�8�1�1 �P�a�i�n�t�e�d�W�o�o�d�e�n�S�e�c�t�i�o�n�a�l�M�o�d�e�l�s�,�o�f �h�i�g�h�a�n�d�l�o�w

�p�r�e�s�s�u�r�e�e�n�g�i�n�e�s�a�n�d�l�o�c�o�m�o�t�i�v�e�s�,�o�f �v�a�r�i�o�u�s�c�o�n

�s�t�r�u�c�t�i�o�n�s�,�s�h�o�w�i�n�g�t�h�e�e�x�t�e�r�i�o�r�o�f �t�h�e�e�n�g�i�n�e�,�a�n�d�t�h�e
�w�o�r�k�i�n�g�o�f �t�h�e�p�a�r�t�s�,�s�u�c�h�a�s �t�h�e�c�y�l�i�n�d�e�r�,�c�o�n�d�e�n�s�e�r�,
�p�i�s�t�o�n�,�v�a�l�v�e�s�,�&�0�.�. �. �. �. �. �. �f�r�o�m �6 �6 �O

�1�8�1�2�S�m�a�l�l�S�e�c�t�i�o�n�a�l�W�o�r�k�i�n�g�M�o�d�e�l�o�f �C�o�n�d�e�n�s�i�n�g
�E�n�g�i�n�e�,�m�a�d�e�o�f �c�a�r�d�b�o�a�r�d�a�n�d�m�e�t�a�l�(û��g�.�1�8�1�2�) �. �1 �1�0 �0

�1�8�1�3�S�e�c�t�i�o�n�a�l�D�i�a�g�r�a�m�s�a�n�d�P�l�a�n�s�o�f �S�t�e�a�m�E�n�g�i�n�e�,�8�0�0�.�,
�s�u�i�t�e�d�f�o�r�l�e�c�t�u�r�e�s�,�v�a�r�i�o�u�s�a�c�c�o�r�d�i�n�g�t�o �s�i�z�e �. �. �.

�1�8�1�4�W�o�r�k�i�n�g�M�o�d�e�l�s�o�f �S�e�w�i�n�g�,�R�o�l�l�i�n�g�,�o�r �G�r�i�n�d�i�n�g
�M�i�l�l�s�,�C�r�a�n�e�s�,�P�i�l�e �D�r�i�v�i�n�g�E�n�g�i�n�e�s�,�S�t�e�a�m�H�a�m
�m�e�r�s�,�P�u�m�p�s�,�8�0�0�.�,�&�c�. �. �. �. �. �,

�G�U�N�M�E�T�A�L�F�l�T�T�I�N�G�S�F�O�R�M�A�R�I�N�E�,�L�O�C�O�M�O�T�I�V�E�,�A�N�D�O�T�H�E�R
�S�T�E�A�M�E�N�G�I�N�E�S�A�N�D�B�O�I�L�E�R�S�.

�F�m�.�1�8�1�7�.

� � 

�1�8�1�5�S�t�e�m�W�h�i�s�t�l�e�s�,�i�n �g�u�n�m�e�t�a�l�(û��g�.�1�8�1�5�) �. �1�0�/�6�,�2�1�/�, �l �1�5 �0 �2 �5 �0

�1�8�1�6�G�a�u�g�e�T�a�p�s�,�i�n�g�u�n�m�e�t�a�l�(û��g�.�1�8�1�6�) �. �. �.
�1�8�1�7�S�t�e�m�T�a�p�s�,�v�a�r�i�o�u�s�s�i�z�e�s�a�n�d�p�a�t�t�e�r�n�s�,�w�i�t�h�u�n�i�o�n�j�o�i�n�t�s�,

�a�n�d�i�n�s�i�d�e�o�r�o�u�t�s�i�d�e�s�c�r�e�w�s�(û��g�.�1�8�1�7�)

�P�o�r�t�a�b�l�e�S�t�e�a�m�E�n�g�i�n�e�s�a�n�d�B�o�i�l�e�r�s�,�o�f�a�n�y�s�i�z�e�,�m�a�d�e�a�n�dû��t�t�e�d�u�p�t�o �o�r�d�e�r�.

�T�U�R�N�I�N�G�L�A�T�B�B�S�A�N�D�T�O�O�L�S�.



�1�0�1�,�H�O�L�B�O�R�N�H�I�L�L�,�1�, �H�A�T�T�O�N�G�A�R�D�E�N�,�A�N�D�5�9�, �C�O�R�N�H�I�L�L�,�L�O�N�D�O�N�.�1�5�3

�S�U�R�G�I�C�A�L�A�N�D�A�C�O�U�S�T�I�C�I�N�S�T�R�U�M�E�N�T�S�,�E�T�C�.

� � 

� � 

�. �

�~�-�-�:�:�'�-�'�:�:�:�I

�E�a�c�h�. �l�i�n�t�-�h�.
�£ �a�. �:�1�. �£ �a�. �d�.

�1�8�1�8�H�u�t�c�h�i�n�s�o�n ��s�S�p�i�r�o�m�e�t�e�r�,�f�o�r �m�e�a�s�u�r�i�n�g�t�h�e �v�i�t�a�l �-
�c�a�p�a�c�i�t�y�o�f �t�h�e�l�u�n�g�s �. �. �. �. �. �. �. �5

�1�8�1�8�'�D�i�t�t�o �d�i�t�t�o �i�m�p�r�o�v�e�d�(û��g�.�1�8�1�8�'�)�. �. �. �. �7
�1�8�1�9�M�e�a�s�u�r�i�n�g�a�n�d�W�e�i�g�h�i�n�g�M�a�c�h�i�n�e�,�f�o�r �u�s�e�w�i�t�h�t�h�e

�S�p�i�r�o�m�e�t�e�r�. �. �. �. �. �. �. �. �.

�1�8�2�0�N�e�g�r�e�tû��8�c �Z�a�m�b�r�a ��s
�I�m�p�r�o�v�e�d�M�a�g�n�e�t�o�-  ��0�' �1�8�2�0�'

�W�i�l�l �i

�\�I�h �0�0

�c�o�n�v�e�n�i�e�n�t�a�n�d�p�o�r�t
�a�b�l�e �a�p�p�a�r�a�t�u�s�f�o�r
�a�d�m�i�n�i�s�t�e�r�i�n�g�m�e�d�i�c�a�l
�g�a�l�v�a�n�i�s�m�;�f�o�r �d�e�s
�c�r�i�p�t�i�o�n�,�s�e�e�p�a�g�e�8�8�,

�N�o�.�9�8�2�.

� � 

� � 

�(û��g�.�1�8�2�0�)�,�t�h�e�m�o�s�t

�l�l�i

�E�n�e�m�a�A�p�p�a�r�a�t�u�s�.�B�r�e�a�s�t�P�u�m�p�s�,�S�t�o�m�a�c�h�P�u�m�p�s�,�I�n�j�e�c�t�i�n�g�A�p�p�a�r�a�t�u�s�.�C�u�p�p�i�n�g

�I�n�s�t�r�u�m�e�n�t�s�.�G�a�s�I�n�h�a�l�e�r�s�,�R�e�s�p�i�r�a�t�o�r�s�.�H�e�a�r�i�n�g�T�r�u�m�p�e�t�s�,�V�o�i�c�e�C�o�n�d�u�c�t�o�r�s�o�r
�C�o�n�v�e�r�s�a�t�i�o�n�T�u�b�e�s�.�G�a�s�T�a�b�l�e�F�u�r�n�a�c�e�s�,�a�n�d�E�n�a�m�e�l�l�e�d�I�r�o�n�E�v�a�p�o�r�a�t�i�n�g�D�i�s�h�e�s�,

�_�f�o�r�P�h�a�r�m�a�c�e�u�t�i�c�a�l�p�u�r�p�o�s�e�s�.



�S�C�I�E�N�T�I�F�I�C�I�N�S�T�R�U�M�E�N�T�S�M�A�N�U�F�A�C�T�U�R�E�D�B�Y�N�E�G�R�E�T�T�I�&�Z�A�M�B�R�A�,

�P�H�O�T�O�G�R�A�P�H�I�C�A�P�P�A�R�A�T�U�S�,
�M�A�N�U�F�A�C�F�U�R�A�N�D�S�O�L�D�B�Y

�H�.�N�E�G�R�E�T�T�I�&�Z�A�M�B�R�A�,

�P�H�O�T�O�G�R�A�P�H�E�R�S�T�O�T�H�E�C�R�Y�S�T�A�L�P�A�L�A�C�E�C�O�M�P�A�N�Y�.

�M�e�s�s�r�s�.�N�e�g�r�e�t�t�i�a�n�d�Z�a�m�b�r�a�,�i�n �s�u�b�m�i�t�t�i�n�g�t�h�e�a�n�n�e�x�e�d�D�e�s�c�r�i�p�t�i�v�e�C�a�t�a�l�o�g�u�e�o�f
�C�a�m�e�r�a�s�,�L�e�n�s�e�s�,�a�n�d�G�e�n�e�r�a�l�A�p�p�a�r�a�t�u�s�f�o�r �P�h�o�t�o�g�r�a�p�h�i�c�p�u�r�p�o�s�e�s�,�b�e�g�t�o �s�t�a�t�e�,�t�h�a�t
�b�e�i�n�g�e�x�t�e�n�s�i�v�e�l�y�e�n�g�a�g�e�d�a�s�P�h�o�t�o�g�r�a�p�h�e�r�s�t�o �t�h�e�C�r�y�s�t�a�l�P�a�l�a�c�e�C�o�m�p�a�n�y�,�i�n �t�a�k�i�n�g
�p�o�r�t�r�a�i�t�s�a�n�d�v�i�e�w�s�i�n �t�h�a�t �b�u�i�l�d�i�n�g�,�t�h�e�y�a�r�e�e�n�a�b�l�e�d�,�f�r�o�m�t�h�e�i�r�g�r�e�a�t�p�r�a�c�t�i�c�a�l�e�x
�p�e�r�i�e�n�c�e�,�t�o �s�u�p�p�l�y�s�u�c�h�A�p�p�a�r�a�t�u�s�a�s�w�i�l�l �r�e�a�l�l�y�b�e�o�f�s�e�r�v�i�c�e�t�o �a�. �P�h�o�t�o�g�r�a�p�h�e�r�;�a�n�d
�a�s�t�h�e�g�r�e�a�t�e�r�p�a�r�t�o�f �t�h�e�a�r�t�i�c�l�e�s�e�n�u�m�e�r�a�t�e�d�a�r�e�m�a�d�e�u�n�d�e�r�t�h�e�i�r�o�w�n�i�m�m�e�d�i�a�t�e
�s�u�p�e�r�i�n�t�e�n�d�e�n�c�e�,�a�n�dû��n�i�s�h�e�d�w�i�t�h�a�l�l �t�h�e�m�o�s�t�r�e�c�e�n�t�a�n�d�r�e�a�l�l�y�s�e�r�v�i�c�e�a�b�l�e�i�m�p�r�o�v�e
�m�e�n�t�s�,�t�h�e�y�w�i�l�l �b�e�f�o�u�n�d�t�o �w�o�r�k�s�o�a�s�t�o �p�r�e�s�e�n�t�t�h�e�l�e�a�s�t�p�o�s�s�i�b�l�e�c�h�a�n�c�e�o�f�f�a�i�l�u�r�e�,

�a�s�f�a�r�a�s�t�h�e�i�n�s�t�r�u�m�e�n�t�s�a�r�e�c�o�n�c�e�r�n�e�d�.
�C�a�m�e�r�a�s�,�a�n�d�o�t�h�e�r�P�h�o�t�o�g�r�a�p�h�i�c�C�a�b�i�n�e�t�w�o�r�k�i�n�t�e�n�d�e�d�f�o�r �u�s�e�i�n �I�n�d�i�a�,�o�r �a�n�y

�h�o�t�c�l�i�m�a�t�e�s�,�s�h�o�u�l�d�b�e�m�a�d�e�o�f�t�h�e�v�e�r�y�b�e�s�t�s�e�a�s�o�n�e�d�S�p�a�n�i�s�h�m�a�h�o�g�a�n�y�,�a�n�d�c�l�a�m�p�e�d
�w�i�t�h�b�r�a�s�,�t�o�e�n�s�u�r�e�d�u�r�a�b�i�l�i�t�y�.

�P�H�O�T�O�G�R�A�P�H�I�C�L�E�N�S�E�S�.

�L�A�N�D�S�C�A�P�E�L�E�N�S�E�S�.
�1�8�2�1�S�i�n�g�l�e�A�c�h�r�o�m�a�t�i�c�L�e�n�s�e�s�,�o�f �t�h�e�b�e�s�t�q�u�a�l�i�t�y�,�m�o�u�n�t�e�d�i�n �b�r�a�s�s�,�w�i�t�h�r�a�c�k

�a�n�d�p�i�n�i�o�n�a�d�j�u�s�t�m�e�n�t�,�f�o�r �t�a�k�i�n�g�v�i�e�w�s�,�c�o�p�y�i�n�g�i�n�a�n�i�m�a�t�e�o�b�j�e�c�t�s�,�s�t�a�t�u�e�s�,
�p�r�i�n�t�s�,�&�c�.�,�w�h�e�r�e�t�i�m�e�i�s �n�o�t�i�m�p�o�r�t�a�n�t�,�b�u�t�s�h�a�r�p�n�e�s�s�o�f �d�e�t�a�i�l�a�b�s�o�l�u�t�e�l�y
�n�e�c�e�s�s�a�r�y�;�t�h�e�c�h�e�m�i�c�a�l�a�n�d�o�p�t�i�c�a�l�r�a�y�s�p�e�r�f�e�c�t�l�y�c�o�i�n�c�i�d�e�n�t�(û��g�.�1�8�2�1�)�: �

�S�l�z�e�o�r�P�i�c�t�u�r�e�. �£ �a�. �d �F�m�_�1�8�2�1�.

�N�o�.�l �6�-�i�n�.�b�y �5�-�1�n�. �. �. �1 �5 �0
�N�o�.�2 �7�-�i�n�.�b�y �6�-�i�n�. �. �. �2 �2 �0

�N�o�.�3 �9�-�i�n�.�b�y �7�-�i�n�. �3 �3 �0
�N�0�.�4 �l�O�-�i�n�.�b�y �8�-�i�n�. �. �. �4 �4 �0

�N�o�.�5 �1�2�-�i�n�.�b�y�l�O�-�i�n�. �. �. �5 �5 �0
�N�o�.�6 �l�G�-�i�n�.�b�y�1�2�-�i�n�. �. �. �1�0�1�0 �0

� � 

�P�O�R�T�R�A�I�T�L�E�N�S�E�S�.

�1�8�2�2�D�o�u�b�l�e�C�o�m�b�i�n�a�t�i�o�n�o�f �A�c�h�r�o�m�a�t�i�c�L�e�n�s�e�s�,
�o�f �t�h�e �v�e�r�y�b�e�s�t�q�u�a�l�i�t�y�,�m�o�u�n�t�e�d�i�n �b�r�a�s�s �:
û��t�t�i�n�g�s�,�w�i�t�h�r�a�c�k�-�a�n�d�-�p�i�n�i�o�n�a�d�j�u�s�t�m�e�n�t�;�t�h�e �i �I  � �.

�c�h�e�m�i�c�a�l�a�n�d�o�p�t�i�c�a�l�r�a�y�s�p�e�r�f�e�c�t�l�y�c�o�i�n�c�i �g�. �i  �
�d�e�n�t�;�t�h�e�p�i�c�t�u�r�e�p�r�o�d�u�c�e�d�i�s �d�i�s�t�i�n�c�t�t�o �t�h�e  �
�e�d�g�e�s�,�a�n�d�t�h�e�t�i�m�e�n�e�c�e�s�s�a�r�y�f�o�r�i�t�s �p�r�o�d�u�c�t�i�o�n
�v�e�r�y�s�h�o�r�t�(û��g�.�1�8�2�2�)�: �

� � 



�1�0�1�,�H�O�L�B�O�R�N�H�I�L�L�,�1�, �H�A�T�T�O�N�G�A�R�D�E�N�,�w�e�6�9�, �C�O�R�N�I�I�I�L�L�,�L�O�N�D�O�N�.�1�5�5

�E�a�c�h�. �E�a�c�h�.

�£ �1�. �1�1�. �£ �.�1�. �d�.
�N�o�.�1 �4�-�i�n�.�b�y�3�-�i�n�. �. �. �. �. �. �l �1�5 �0
�N�o�.�2 �5�-�i�n�.�b�y�4�-�i�n�.�. �. �. �. �. �3 �1�0 �O
�N�o�.�3 �8�-�i�u�.�b�y�6�-�i�n�.�. �. �. �. �. �7 �7 �0 �1�0�1�0 �0
�N�0�.�4 �l�O�-�i�u�.�b�y�8�-�i�n�.�. �1�6 �1�6 �0

�1�8�2�3�S�t�e�r�e�o�s�c�o�p�i�c�S�i�n�g�l�e�C�o�m�b�i�n�a�t�i�o�n�L�e�n�s�e�s�,�f�o�r �V�i�e�w�s�,�i�n
�b�r�a�s�s�m�o�u�n�t�i�n�g�s�,�w�i�t�h�r�a�c�k�-�w�o�r�k�a�d�j�u�s�t�m�e�n�t�;�t�o �t�a�k�e
�p�i�c�t�u�r�e�s�o�f�t�h�e�u�s�u�a�l�s�t�e�r�e�o�s�c�o�p�i�c�s�i�z�e �. �. �p�e�r�p�a�i�r �2 �1�0 �0

�1�8�2�4�S�t�e�r�e�o�s�c�o�p�i�c�D�o�u�b�l�e�C�o�m�b�i�n�a�t�i�o�n�L�e�n�s�e�s�,�f�o�r�P�o�r�t�r�a�i�t�s
�0�1�'�V�i�e�w�s�,�i�n �b�r�a�s�s�m�o�u�n�t�i�n�g�s�,�w�i�t�h�r�a�c�k�-�w�o�r�k�a�d�j�u�s�t
�m�e�n�t�;�t�o �t�a�k�e�u�s�u�a�l�s�i�z�e �s�t�e�r�e�o�s�c�o�p�i�c�p�o�r�t�r�a�i�t�s�,�&�c�.�,

�' �p�e�r�p�a�i�r �3 �1�0 �0

�M�e�s�s�r�s�.�N�e�g�r�e�t�t�i�a�n�d�Z�a�m�b�r�a�,�i�n �q�u�o�t�i�n�g�t�h�e�p�r�i�c�e�s�o�f�t�h�e�i�r�L�e�n�s�e�s�,�g�u�a�r�a�n�t�e�e�t�h�e�m
�t�o�p�o�s�s�e�s�s�t�h�e�e�s�s�e�n�t�i�a�l�q�u�a�l�i�t�i�e�s�f�o�r�p�r�o�d�u�c�i�n�g�p�e�r�f�e�c�t�p�i�c�t�u�r�e�s ��t�h�e�c�h�e�m�i�c�a�l�a�n�d�o�p�t�i�c�a�l
�r�a�y�s�p�e�r�f�e�c�t�l�y�c�o�i�n�c�i�d�e�n�t �û��a�t�n�e�s�s�o�fû��e�l�d ��r�a�p�i�d�i�t�y�o�f �a�c�t�i�o�n�. �T�h�e�y�w�i�l�l �b�e�f�o�u�n�d�a�s
�m�o�d�e�r�a�t�e�a�s�p�o�s�s�i�b�l�e�i�n �p�n�c�e�. �N�e�g�r�e�t�t�i�a�n�d�Z�a�m�b�r�a�d�i�s�t�i�n�c�t�l�y�s�t�a�t�e�t�h�a�t�t�h�e�y�w�i�l�l
�n�o�t�,�o�n�a�n�y�a�c�c�o�u�n�t�,�s�u�p�p�l�y�t�h�e�s�e�l�e�n�s�e�s�o�f�a�n�i�n�f�e�r�i�o�r�q�u�a�l�i�t�y�.�A�s�p�e�c�i�m�e�n�p�h�o�t�o�g�r�a�p�h
�m�a�y�b�e�h�a�d�f�r�o�m�e�a�c�h�l�e�n�s�,�i�f �r�e�q�u�i�r�e�d�,�w�i�t�h�o�u�t�a�n�y�e�x�t�r�a�c�h�a�r�g�e�.

�V�O�I�G�T�L�A�N�D�E�R�A�N�D�V�I�E�N�N�A�L�E�N�S�E�S�.

�1�8�2�5�G�e�r�m�a�n�D�o�u�b�l�e�C�o�m�b�i�n�a�t�i�o�n�o�f �A�c�h�r�o�m�a�t�i�c�L�e�n�s�e�s�,
�m�o�u�n�t�e�d�i�n �b�r�a�s�s�w�i�t�h�r�a�c�k�-�w�o�r�k�a�d�j�u�s�t�m�e�n�t�: �

�W�i�t�h�D�i�a�m�e�t�e�r�. �F�o�c�u�s�. �S�i�z�e�o�f�P�i�c�t�u�r�e�. �C�e�n�t ��,�a�m�"�.

�N�o�.�1 �l�Q�-�i�n�. �5�%�-�i�n�. �4�-�i�n�. �b�y�s�-�i�n�. �. �5 �o �o �5 �1�5 �o
�N�o�.�2 �2�§�-�i�n�. �7�5�-�i�n�. �6�f�i�n�.�b�y�4�§�-�i�n�. �. �7 �l�5 �0 �8 �1�0 �0
�N�0�.�3 �3û��-�i�n�. �l�l�d�-�i�n�. �S�-�i�n�. �b�y�6�-�l�n�- �. �l�4 �l�4 �0 �l�5 �l�5 �0

�L�e�n�s�e�s�o�f �l�a�r�g�e�r�s�i�z�e�a�t �. �£�2�2�, �£�2�8�, �£�3�5�, �£�4�5�.

�1�8�2�6�V�o�i�g�t�l�a�n�d�e�r ��s�O�r�t�h�o�s�o�o�p�i�c�V�i�e�w�L�e�n�s�e�s�: �
�F�o�c�u�s�. �S�i�z�e�o�f�P�i�c�t�u�r�e�. �P�r�i�c�e�c�o�m�p�l�e�t�e�.

�N�o�.�1 �I�I�Q�-�i�n�. �8�-�i�n�.�t�o �l�O�-�i�n�. �. �. �4 �1�0 �O
�N�o�.�2 �l�5�-�i�n�. �l�l�-�i�n�. �t�o �l�5�-�i�n�. �. �. �6 �1�0 �0
�N�o�.�3 �2�4�-�i�n�. �1�5�-�i�n�.�t�o �2�1�-�i�u�. �. �. �l�l �1�1 �o

�N�o�.�4 �3�2�§�-�i�n�. �2�1�-�i�n�.�t�o �2�6�-�i�n�. �. �. �2�1 �1�0 �0
�' �N�0�.�5 �4�0�-�i�n�. �2�6�4�1�.�1�.�t�0 �3�3�-�i�n�. �. �. �.�2�1 �1�0 �0

�N�0�.�6 �5�0�-�i�n�. �3�3�-�i�n�.�t�o �4�2�~�i�n�. �. �- �3�3 �0 �0

�1�8�2�7�V�o�i�g�t�l�a�n�d�e�r�'�s�O�r�t�h�o�s�c�o�p�i�c�L�e�n�s�e�s�f�o�r �S�t�e�r�e�o�g�r�a�p�h�s�- �3 �1�0 �0

�1�8�2�8�F�r�e�n�c�h�D�o�u�b�l�e�C�o�m�b�i�n�a�t�i�o�n�A�c�h�r�o�m�a�t�i�c�L�e�n�s�e�s�,
�o�f �c�o�m�m�o�n�m�a�n�u�f�a�c�t�u�r�e�;�n�o�t�w�a�r�r�a�n�t�e�d�: �

�g�-�p�l�a�t�e�,�2�0�/�. �l�l�-�p�l�a�t�e�,�4�5�/�. �w�h�o�l�e�p�l�a�t�e �5 �1�0 �0



�S�C�I�E�N�T�I�F�I�C�I�N�S�T�R�U�M�E�N�T�S�M�A�N�U�F�A�C�T�U�R�E�D�B�Y�N�E�G�R�E�T�T�I�&�Z�A�M�B�R�A�,

�C�A�M�E�R�A�S�.

�F�1�0�.�1�8�2�9�. �F�1�0�.�1�8�2�9�.

� � � � � 

� 

� 
� � � 

� � 

� � � 
� 

� 

� � 

�1�8�2�9�H�o�r�i�z�o�n�t�a�l�o�r �V�e�r�t�i�c�a�l�S�h�i�f�t�i�n�g�B�o�d�y�C�a�m�e�r�a�s�,�o�n�e

�b�o�d�y�s�l�i�d�i�n�g�i�n�t�h�e�o�t�h�e�r�;�o�f�F�r�e�n�c�h�p�o�l�i�s�h�e�d�m�a�h�o�g�a�n�y�,

�w�i�t�h�o�n�e�s�i�n�g�l�e�b�a�c�k�a�n�d�t�w�o�f�r�a�m�e�s�f�o�r �g�l�a�s�s�o�r �p�l�a�t�e�s�,

�a�n�d�f�o�c�u�s�g�l�a�m�(û��g�s�.�1�8�2�9�a�n�d�1�8�2�9�'�)�: �
�E�a�c�h�. �E�a�c�h�.

�S�i�z�e�o�f �P�i�c�t�u�r�e�. �g �L �d�_ �5 �L �[�L�N�o�.�1 �4�}�-�i�n�.�i�b�y�a�g�-�i�n�. �1 �4 �0

�N�o�.�2 �5�-�i�n�. �b�y �4�-�i�n�. �1 �1�0 �0
�N�o�.�3 �6�§�-�i�n�.�b�y �4�2�-�i�n�. �1 �l�8 �0
�N�o�.�4 �8�-�i�n�. �b�y �6�-�i�n�. �3 �6 �0
�N�o�.�5 �8�}�-�i�n�.�b�y �G�Q�-�i�n�. �3 �1�5 �0
�N�o�.�6 �l�O�-�i�n�. �b�y �8�-�i�n�. �- �4 �1�5 �0
�N�o�.�7 �1�2�-�i�n�.�b�y�l�O�-�i�n�. �6 �5 �0
�N�0�.�8 �1�5�-�i�n�. �b�y�l�2�-�i�n�. �. �. �. �. �8 �1�0 �O

�N�o�.�9 �1�6�-�i�n�.�b�y�l�3�-�i�n�. �. �. �. �. �9 �l�5 �0
�N�o�.�1�0 �1�8�-�i�n�.�b�y�1�6�-�i�n�. �. �. �. �. �l�4 �5 �0

�F�I�G�.�1�8�2�9�*�.

� 
� 

�l�l ��, �l�!
� � 

�l
�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l �  �

� � 

�T�h�e�C�a�m�e�r�a�s�f�r�o�m�N�o�.�4 �h�a�v�e�v�e�r�t�i�c�a�l�a�n�d�h�o�r�i�z�o�n�t�a�l�a�d�j�u�s�t�i�n�g�f�r�o�n�t�s�.

�' �A�d�d�i�t�i�o�n�a�l�O�p�e�n�i�n�g�s�t�o�a�n�y�o�f�t�h�e�a�b�o�v�e�,�f�r�o�m�5�/ �t�o �1�5�/�e�x�t�r�a�.



�1�0�1�,�H�O�L�B�O�R�N�H�I�L�L�,�1�, �H�A�T�T�O�N�G�A�R�D�E�N�,�a�r�m�5�9�,�C�O�R�N�H�I�L�L�,�L�O�N�D�O�N�.�1�5�7
�I

�1�8�3�0�I�m�p�r�o�v�e�d�S�h�i�f�t�i�n�g�B�o�d�y�C�a�m�e�r�a�s�,�o�f �s�u�p�e�r�i�o�r�m�a�n�u�f�a�c�t�u�r�e�,�a�n�d�t�h�e�b�e�s�t
�p�o�l�i�s�h�e�d�m�a�h�o�g�a�n�y�,�w�i�t�h�o�n�e�s�i�n�g�l�e�b�a�c�k�a�n�d�t�w�o�f�r�a�m�e�s�f�o�r �c�o�l�l�o�d�i�o�n�,�f�o�c�u�s

�g�l�a�s�s�,�&�c�. �T�h�e�c�a�m�e�r�a�a�n�d�b�a�c�k�s�w�i�t�h�o�r�w�i�t�h�o�u�t�b�r�a�s�s�b�i�n�d�i�n�g�(û��g�.�1�8�3�0�)�: �

� � 

�w�u�n�B�r�a�s�s �W�i�t�h�B�r�a�s�s
�S�c�r�e�w�e�d�J�o�i�n�t�s�v �B�i�n�d�i�n�g�.

�E�a�c�h�. �E�a�c�h�.
�N�o�. �S�l�z�e�o�f�P�i�c�t�u�r�e�. �£ �a�. �d�. �£ �a�. �d

�l �5�-�i�n�. �b�y �4�-�i�n�. �1 �l�2 �0 �2 �7 �6
�F�1�0�.�1�8�8�0�. �2 �6�§�-�i�n�.�b�y �{�i�i�-�i�n�. �2 �5 �0 �3 �5 �0

�3 �7�-�i�n�. �b�y �6 ��i�n�. �2�1�5�0 �4 �0 �0
�4 �8�5�-�i�n�.�b�y�6�§�-�i�n�. �3�1�8�0 �5 �5 �o
�5 �9�-�i�n�. �b�y �7�-�i�n�. �4�1�0�o �5 �1�5 �o
�6 �l�O�-�i�n�. �b�y �8�-�i�n�. �5 �5 �O �6�1�5�0

�7 �l�2�-�i�n�. �b�y�l�O�-�i�n�. �7 �5 �O �9�1�0�0
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�r �T�h�e�C�a�m�e�r�a�s�f�r�o�m�N�o�.�4 �h�a�v�e�h�o�r�i�z�o�n�t�a�l�a�n�d�v�e�r�t�i�c�a�l�a�d�j�u�s�t�i�n�g�f�r�o�n�t�s�.
�A�d�d�i�t�i�o�n�a�l�O�p�e�n�i�n�g�s�i�n�t�h�e�C�a�m�e�r�a�,�f�r�o�m�5�/ �t�o �1�5�/�e�x�t�r�a�.

�F�i�n�e�S�c�r�e�w�o�r�R�a�c�k�w�o�r�k�A�d�j�u�s�t�m�e�n�t�f�o�r�f�o�c�u�s�s�i�n�g�a�t�b�a�c�k�o�f�c�a�m�e�r�a�,�1�8�/�t�o �5�0�/�a�d�d�i�t�i�o�n�a�l�.

�1�8�3�1�P�o�r�t�r�a�i�t�R�o�o�m�C�a�m�e�r�a�s�,�w�i�t�h�a�d�j�u�s�t�i�n�g�o�r �s�w�i�n�g�i�n�g�h�a�c�k�s�,�f�o�r �a�l�t�e�r�i�n�g�t�h�e

�a�n�g�l�e�a�t �w�h�i�c�h�t�h�e�p�i�c�t�u�r�e�i�s �t�a�k�e�n�,�s�c�r�e�w�a�d�j�u�s�t�m�e�n�t�f�o�r�c�o�r�r�e�c�t�i�n�g�t�h�e�f�o�c�u�s�,
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�1�8�3�3�N�e�g�r�e�t�t�i�a�n�d�Z�a�m�b�r�a ��s�S�l�i�d�i�n�g�a�n�d�F�o�l�d�i�n�g�C�a�m�e�r�a�,�a�d�a�p�t�e�d�f�o�r �e�i�t�h�e�r
�l�a�n�d�s�c�a�p�e�s�o�r �p�o�r�t�r�a�i�t�s�,�a�n�d�c�a�n�b�e�c�l�o�s�e�d�u�p�i�n�t�o�a �m�o�s�t�c�o�n�v�e�n�i�e�n�t�a�n�d�p�o�r�t
�a�b�l�e�f�o�r�m�f�o�r�t�r�a�v�e�l�l�i�n�g�.�T�h�e�y�a�r�e�m�a�d�e�o�f �t�h�e�b�e�s�t�w�e�l�l�s�e�a�s�o�n�e�d�m�a�h�o�g�a�n�y�,
�F�r�e�n�c�h�p�o�l�i�s�h�e�d�,�w�i�t�h�a�. �h�o�r�i�z�o�n�t�a�l�a�n�d�v�e�r�t�i�c�a�l�s�l�i�d�i�n�g�f�r�o�n�t�, �f�o�r �a�d�j�u�s�t�i�n�g
�t�h�e�f�o�r�e�g�r�o�u�n�d�a�n�d�s�k�y�,�o�n�e�d�o�u�b�l�e�b�a�c�k�f�o�r �p�a�p�e�r�,�a�n�d�o�n�e�s�i�n�g�l�e�d�i�t�t�o�w�i�t�h
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�N�0�.�4 �1�2�-�i�n�.�b�y�l�O�-�i�n�. �. �. �. �. �. �9 �0 �0 �1�0�1�5 �0
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�S�C�I�E�N�T�I�F�I�C�I�N�S�T�R�U�M�E�N�T�S�M�A�N�U�F�A�C�T�U�R�E�D�B�Y�N�E�G�R�E�T�T�I�d�: �Z�A�M�B�R�A�,

�I

�S�T�E�R�E�O�S�C�O�P�I�C�C�A�M�E�R�A�S�.

�F�1�0�.�1�8�8�5�.

�Y �
� � � � 

� 

� � 

�E�a�c�h�. �E�a�c�h�.
�S �s�. �:�1�. �£ �a�. �d�.
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�b�o�a�r�d�,�L�. �C�l�a�r�k ��s�a�r�r�a�n�g�e�m�e�n�t�. �. �. �f�r�o�m �2 �1�5 �0
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�b�o�t�h�p�i�c�t�u�r�e�s�a�t �t�h�e�s�a�m�e�i�n�s�t�a�n�t�;�w�i�t�h�a�d�j�u�s�t�m�e�n�t�t�o
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�1�8�3�6�D�o�u�b�l�e�B�a�c�k�s�o�r �D�a�r�k�S�l�i�d�e�s�f�o�r�t�h�e�C�a�m�e�r�a�,�t�o �h�o�l�d�t�w�o�s�h�e�e�t�s�o�f�s�e�n�s�i�t�i�v�e
�p�a�p�e�r�,�o�f�s�u�p�e�r�i�o�r�c�o�n�s�t�r�u�c�t�i�o�n�:
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�1�8�4�1�M�a�h�o�g�a�n�y�F�r�a�m�e�s�,�w�i�t�h�s�i�l�v�e�r�c�o�r�n�e�r�s�f�o�r �h�o�l�d�i�n�g�g�l�a�s�s�o�r �m�e�t�a�l�p�l�a�t�e�s�i�n
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�F�o�r�h�o�l�d�i�n�g�p�r�e�p�a�r�e�d�p�l�a�t�e�s�,�e�n�a�b�l�i�n�g�t�h�e �o�p�e�r�a�t�o�r�t�o
�c�h�a�n�g�e�t�h�e�m�i�n �t�h�e�o�p�e�n�a�i�r�, �w�i�t�h�o�u�t�e�x�p�o�s�u�r�e�t�o�l�i�g�h�t�;
�a�d�a�p�t�e�d�t�o�s�t�e�r�e�o�s�c�o�p�i�c�a�n�d�e�v�e�r�y�d�e�s�c�r�i�p�t�i�o�n�o�f �c�a�m�e�r�a�.

�1�8�4�3�D�a�r�k�B�o�x�a�n�d�B�a�c�k�f�o�r �S�t�e�r�e�o�s�c�o�p�i�c�C�a�m�e�r�a�. �. �3 �0 �o
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�s�t�e�a�d�y�i�n�g�t�h�e�h�e�a�d�w�h�i�l�s�t�t�a�k�i�n�g�p�o�r�t�r�a�i�t�s�,�c�o�m�m�o�n
�f�o�r�m �. �. �. �. �0 �3 �6

�1�8�5�7�H�e�a�d�R�e�s�t�,�o�f �s�u�p�e�r�i�o�r�m�a�n�u
�f�a�c�t�u�r�e�(û��g�.�1�8�5�6�) �. �. �0 �7 �6 �0 �9 �6

�1�8�5�8�I�m�p�r�o�v�e�d�H�e�a�d�R�e�s�t�,�o�f�m�a
�h�o�g�a�n�y�,�F�r�e�n�c�h�p�o�l�i�s�h�e�d�,�w�i�t�h
�b�r�a�s�s�m�o�u�n�t�i�n�g�s�,�o�f �t�h�e�v�e�r�y
�b�e�s�t�m�a�k�e �. �. �. �. �0 �l�8 �0 �l �1 �0

�1�8�5�9�S�t�a�n�d�a�r�d�H�e�a�d�B�e�s�t�,�m�o�u�n�t�e�d
�o�n�m�a�s�s�i�v�e�i�r�o�n�f�o�o�t�,�w�i�t�h�a�d
�j�u�s�t�i�n�g�t�u�b�e�,�&�c�.�, �s�u�i�t�e�d�f�o�r
�p�r�o�f�e�s�s�i�o�n�a�l�p�u�r�p�o�s�e�s�. �. �2 �2 �0 �3 �1�0 �0

� � 



�1�6�0 �S�C�I�E�N�T�I�F�I�C�I�N�S�T�R�U�M�E�N�T�S�M�A�N�U�F�A�C�T�U�R�E�D�B�Y�N�E�G�R�E�T�T�I�&�Z�A�M�B�R�A�,

�P�R�E�S�S�U�R�E�F�R�A�M�E�S�.

�1�8�6�0�P�r�e�s�s�u�r�e�0�1 � �C�o�p�y�i�n�g�F�r�a�m�e�s�,�a�d�a�p�t�e�d�f�o�r �p�r�o�d�u�c�i�n�g�p�o�s�i�t�i�v�e�p�i�c�t�u�r�e�s�f�r�o�m

�p�a�p�e�r�o�r �g�l�a�s�s�n�e�g�a�t�i�v�e�s�.�T�h�e�b�a�c�k�b�o�a�r�d�i�s �h�i�n�g�e�d�,�t�o �a�l�l�o�w�t�h�e�p�r�o�g�r�e�s�s�o�f

�t�h�e�p�i�c�t�u�r�e�t�o�b�e�e�x�a�m�i�n�e�d�w�i�t�h�o�u�t�d�i�s�t�u�r�b�i�n�g�t�h�e�n�e�g�a�t�i�v�e�(û��g�.�1�8�6�0�)�: �

� � 

�a�n�h�. �E�a�c�h�.
�T�o�c�o�p�y�P�i�c�t�u�r�e�s�. �I�n�o�a�k�. �I�n�m�n�i�r�o�g�s�m

�£ �a�. �(�1�. �£ �8�. �J�.

�7�-�i�n�.�b�y �6�-�i�n�. �. �. �. �0 �s �6 �o �n �0
�F�r�o�.�1�8�6�0�. �9�-�i�n�.�b�y �7�-�i�n�. �. �. �. �0 �1�0 �6 �O�1�2 �6

�l�O�-�i�n�.�b�y �8�-�i�n�. �. �. �. �0 �1�2 �0 �0 �l�4 �6

�l�l�-�i�n�. �b�y �9�-�i�n�. �. �. �. �0 �1�3 �6 �0 �l�6 �0
�1�2�-�i�n�v�b�y�l�O�-�i�n�. �. �' �. �. �0 �l�5 �0 �0 �1�8 �O

�l�3�-�i�n�.�b�y�l�l�-�i�n�. �. �. �. �o �1�7 �o �1 �o �o
�l�4�-�i�n�.�b�y�l�Q�-�i�n�. �. �. �. �0 �l�9 �0 �l �3 �0
�1�6�-�i�n�.�b�y�l�3�-�i�n�. �. �. �. �l �2 �0 �l �8 �0
�1�9�-�i�n�.�b�y�l�7�-�i�n�. �. �. �. �l �6 �0 �l �1�4 �0

�2�3�-�i�n�.�b�y�2�1�-�i�n�. �. �. �. �l �1�2 �0 �2 �0 �0

�2�5�-�i�n�.�b�y�2�3�-�i�n �. �. �. �2 �0 �0 �2 �1�0 �0
�2�7�-�i�n�.�b�y�2�5�-�i�n�. �. �. �. �2 �1�0 �0 �3 �0 �0

�I�8�6�1 �S�t�e�r�e�o�s�c�o�p�i�c�S�i�z�e�C�o�p�y�i�n�g�F�r�a�m�e�s �. �. �. �. �0 �7 �o �0 �l�0 �6

�P�O�R�T�A�B�L�E�T�E�N�T�S�.

�P�o�r�t�a�b�l�e�T�e�n�t�s�t�o �e�n�a�b�l�e�t�h�e �p�h�o�t�o�g�r�a�p�h�e�r�t�o �c�o�n�s�t�r�u�c�t�t�e�m�p�o�r�a�r�i�l�y�a �p�h�o�t�o�g�r�a�p�h�i�c

�d�a�r�k�r�o�o�m�,�i�n �aû��e�l�d�o�r �r�o�a�d�,�&�c�.

�I�8�6�2 �P�o�r�t�a�b�l�e�T�e�n�t�,�c�o�n�s�i�s�t�i�n�g�o�f �a�l�i�g�h�t�w�o�o�d�f�r�a�m�e�,�f�o�r�m�i�n�g

�w�h�e�n�p�u�t�t�o�g�e�t�h�e�r�,�t�h�e�s�k�e�l�e�t�o�n�o�f �a�t�r�i�a�n�g�u�l�a�r�p�y�r�a�m�i�d�,
�a�b�o�u�t�s�e�v�e�n�f�e�e�t�h�i�g�h�,�w�i�t�h�t�a�b�l�e�. �C�o�v�e�r�e�d�w�i�t�h�b�l�a�c�k

�c�a�l�i�c�o�,�l�i�n�e�d�w�i�t�h�y�e�l�l�o�w �. �. �. �. �. �. �3 �1�0 �0

�1�8�6�3�D�i�t�t�o�,�c�o�v�e�r�e�d�w�i�t�h�y�e�l�l�o�w�w�a�t�e�r�-�p�r�o�o�f�c�l�o�t�h �. �. �. �4 �l�0 �0

�1�8�6�4�L�a�r�g�e�P�o�r�t�a�b�l�e�T�e�n�t�,�s�u�p�e�r�i�o�r�m�a�k�e�,�w�i�t�h�j�o�i�n�t�e�d�l�e�g�s�,

�c�o�v�e�r�e�d�w�i�t�h�b�l�a�c�k�c�a�l�i�c�o�,�l�i�n�e�d�w�i�t�h�y�e�l�l�o�w�. �. �. �6 �0 �0

�1�8�6�5�D�i�t�t�o�, �w�i�t�h �y�e�l�l�o�w�w�a�t�e�r�-�p�r�o�o�f�c�o�v�e�r�i�n�g�,�l�i�n�e�d �w�i�t�h

�b�l�a�c�k �. �. �. �. �. �. �. �. �. �. �7 �1�0 �0

�1�8�6�6�B�l�a�c�k�W�a�t�e�r�-�p�r�o�o�f�C�a�s�e�t�o�c�o�n�t�a�i�n�t�h�e�t�e�n�t�s�. �. �. �1 �1�5 �o



�1�0�7�,�H�O�L�B�O�R�N�H�I�L�L�,�1�, �H�A�T�T�O�N�G�A�R�D�E�N�,�A�N�D�6�9�,�C�O�R�N�H�I�L�L�,�L�O�N�D�O�N�.�1�6�1

�M�O�G�I�N�I�E�'�S�P�H�O�T�O�G�R�A�P�H�I�C�C�A�M�E�R�A�A�N�D�D�A�R�K�T�E�N�T�C�O�M�B�I�N�E�D�,

�R�e�g�i�s�t�e�r�e�d�J�a�m�1�4�0�2�,�1�8�5�9

�F�o�r�f�u�l�l �p�a�r�t�i�c�u�l�a�r�s�,�v�i�d�e � �T�h�e�P�h�o�t�o�g�r�a�p�h�i�c�J�o�u�r�n�a�l�,�"�J�u�l�) � �1�, �1�8�5�9�,�p�p�.�1�6�0�a�n�d�1�6�1�.

� � 

�T�h�e�a�b�o�v�e�a�p�p�a�r�a�t�u�s�i�s �c�o�n�s�t�r�u�c�t�e�d�t�o �e�n�a�b�l�e�p�h�o�t�o�g�r�a�p�h�e�r�s�t�o �w�o�r�k�t�h�e�w�e�t�c�o�l�l�o�d�i�o�n
�p�r�o�c�e�s�s�i�n �t�h�e�o�p�e�n�a�i�r�, �w�i�t�h�o�u�t�r�e�q�u�i�r�i�n�g�a�d�a�r�k�e�n�e�d�r�o�o�m�.�I�t �d�iû� ��e�r�s�f�r�o�m�t�h�e
�u�s�u�a�l�a�p�p�a�r�a�t�u�s�e�m�p�l�o�y�e�d�f�o�r�t�h�e�p�u�r�p�o�s�e�,�i�n�a�s�m�u�c�h�a�s�t�h�e�w�h�o�l�e�o�f �t�h�e�p�r�o�c�e�s�s
�i�s �c�o�n�d�u�c�t�e�d�i�n �o�n�e�e�n�c�l�o�s�e�d�s�p�a�c�e�,�i�n�s�t�e�a�d�o�f �u�s�i�n�g�a �c�a�m�e�r�a�a�n�d�t�e�n�t�,�t�h�u�s
�r�e�d�u�c�i�n�g�t�h�e�b�u�l�k�o�f�a �t�r�a�v�e�l�l�i�n�g�a�p�p�a�r�a�t�u�s�a�t �l�e�a�s�t�o�n�e�-�h�a�l�f�,�a�n�d�d�i�s�p�e�n�s�i�n�g
�a�l�t�o�g�e�t�h�e�r�w�i�t�h�o�n�e�t�r�i�p�o�d�s�t�a�n�d�. �W�h�e�n�e�r�e�c�t�e�d�,�t�h�e�w�o�r�k�i�n�g�s�p�a�c�e�m�e�a�s�u�r�e�s
�3�-�f�t�.�b�y�2�-�f�t�. �6�-�i�n�.�b�y�3�-�t ��t�. �i�n �h�e�i�g�h�t�.�W�h�e�n�p�a�c�k�e�d�f�o�r �t�r�a�v�e�l�l�i�n�g�,�t�h�e�r�e�a�r�e
�t�w�o�c�a�s�e�s�,�e�a�c�h�m�e�a�s�u�r�i�n�g�l�5�-�i�n�.�i�n �l�e�n�g�t�h�,�4�-�i�n�.�i�n �w�i�d�t�h�,�a�n�d�9�-�i�n�.�i�n �d�e�p�t�h�.
�P�i�c�t�u�r�e�s�c�a�n�b�e�t�a�k�e�n�w�i�t�h�c�o�m�b�i�n�a�t�i�o�n�,�s�i�n�g�l�e�,�o�r �s�t�e�r�e�o�s�c�o�p�i�c�l�e�n�s�e�s�o�f �a�n�y
�r�a�n�g�e�o�f �f�o�c�u�s�,�f�r�o�m�3�-�i�n�.�t�o �l�7�-�i�n�.�, �b�y�a�l�t�e�r�i�n�g�t�h�e�p�o�s�i�t�i�o�n�o�f �t�h�e�f�r�a�m�e�a�,
�i�n �t�h�e�o�p�e�n�s�p�a�c�e�1�. �T�h�e�l�e�n�s�1�) �c�a�n�b�e�p�l�a�c�e�d�i�n �f�o�u�r�d�i�f�f�e�r�e�n�t�p�o�s�i�t�i�o�n�s�b�y
�m�o�v�i�n�g�t�h�e�f�r�o�n�t�a�, �a�n�d�t�h�e�p�l�a�t�e�h�o�l�d�e�r�1�; �i�s �p�r�o�v�i�d�e�d�w�i�t�h�t�h�e �n�e�c�e�s�s�a�r�y
�a�d�J�a�s�t�m�e�n�t�s�f�o�r �f�o�c�u�i�n�g�.�F�r�a�m�e�s�a�n�d�s�h�u�t�t�e�r�s�a�r�e�n�o�t�r�e�q�u�i�r�e�d�,�t�h�u�s�a�v�o�i�d

�M



�1�6�2 �S�C�I�E�N�T�I�F�I�C�I�N�S�T�R�U�M�E�N�T�S�M�A�N�U�F�A�C�T�U�R�E�D�B�Y�N�E�G�R�E�T�T�I�8�: �Z�A�M�B�R�A�.

�1�8�6�7

� � 

�i�n�g�m�a�n�y�d�i�fû��c�u�l�t�i�e�s�o�f�t�e�n�e�x�p�e�r�i�e�n�c�e�d�b�y�p�h�o�t�o�g�r�a�p�h�e�r�s�,�s�u�c�h�f�o�r �i�n�s�t�a�n�c�e�a�s
û��n�d�i�n�g�t�h�e�p�l�a�t�e�s�t�o�o�l�a�r�g�e�o�r �t�o�o�s�m�a�l�l�f�o�r�t�h�e�i�n�n�e�r�c�a�r�r�i�e�r�s�.�T�h�e�c�i�s�t�e�r�n�:
�c�o�n�t�a�i�n�s�w�a�t�e�r�s�u�fû��c�i�e�n�t�t�o �w�a�s�h�a �d�o�z�e�n�p�l�a�t�e�s�. �T�h�e�g�l�a�s�s�a �i�s �h�e�l�d�i�n �i�t�s
�p�l�a�c�e�b�y�a�s�t�r�o�n�g�s�p�r�i�n�g�,�w�h�i�l�e�f�o�c�u�s�s�i�n�g�w�i�t�h�t�h�eû��n�e�s�c�r�e�w�1�1�; �t�h�e�p�r�e�p�a�r�e�d
�p�l�a�t�e�o�c�c�u�p�y�i�n�g�e�x�a�c�t�l�y�t�h�e�s�a�m�e�p�o�s�i�t�i�o�n�w�h�e�n�t�h�e�g�r�o�u�n�d�g�l�a�s�s�i�s �r�e�m�o�v�e�d�,
�m�u�s�t�o�f �n�e�c�e�s�s�i�t�y�b�e�i�n �p�e�r�f�e�c�t�f�o�c�u�s�. �T�h�e�b�a�t�h�a �c�o�n�t�a�i�n�s�t�h�e�n�i�t�r�a�t�e�o�f
�s�i�l�v�e�r�s�o�l�u�t�i�o�n�.�L�i�g�h�t�a�n�d�v�e�n�t�i�l�a�t�i�o�n�a�r�e�o�b�t�a�i�n�e�d�f�r�o�m�t�h�e�w�i�n�d�o�w�(�2�. �T�h�i�s
�a�p�p�a�r�a�t�u�s�i�s �t�h�e�m�o�s�t�p�o�r�t�a�b�l�e�y�e�t�o�f�f�e�r�e�d�t�o �t�o�u�r�i�s�t�s�,�a�n�d�p�a�r�t�i�c�u�l�a�r�l�y�a�d�a�p�t�e�d
�f�o�r �t�r�a�v�e�l�l�i�n�g�.�T�h�e�a�d�v�a�n�t�a�g�e�s�o�f�t�h�i�s�a�p�p�a�r�a�t�u�s�a�r�e�: ��T�h�e�p�l�a�t�e�i�s �c�o�a�t�e�d�,
�e�x�c�i�t�e�d�,�e�x�p�o�s�e�d�,�d�e�v�e�l�o�p�e�d�,�w�a�s�h�e�d�,�a�n�dû��x�e�d�,�i�n �a�n�y�p�l�a�c�e�w�h�e�r�e�t�h�e�a�p�p�a�r�a�t�u�s
�c�a�n�b�e�s�e�t�u�p�.

�T�h�e�p�r�i�c�e�o�f �t�h�e�w�h�o�l�e�a�p�p�a�r�a�t�u�s�,�c�o�m�p�l�e�t�e�w�i�t�h�e�v�e�r�y�r�e�q�u�i�s�i�t�e�,
�i�n�c�l�u�d�i�n�g�l�e�n�s�,�c�h�e�m�i�c�a�l�s�,�&�c�.�,�a�n�d�t�r�i�p�o�d�s�t�a�n�d�,�v�a�r�i�e�s�f�r�o�m�1�0�t�o �1�5�g�u�i�n�e�a�s�,
�a�c�c�o�r�d�i�n�g�t�o�t�h�e�s�i�z�e�o�f �t�h�e�p�l�a�t�e�i�t �i�s �c�o�n�s�t�r�u�c�t�e�d�t�o�w�o�r�k�w�i�t�h�. �F�u�l�l�i�n�s�t�r�u�c
�t�i�o�n�s�s�e�n�t�w�i�t�h�e�a�c�h�a�p�p�a�r�a�t�u�s�.

�E�X�C�I�T�I�N�G�B�A�T�H�S�F�O�R�C�O�L�L�O�D�I�O�N�P�R�O�C�E�S�S�.

�F�1�0�.�1�8�6�7�.

�F�l�a�.�1�8�6�8�.
�F�m�.�1�8�6�7 ��.� � 

�E�a�c�h�. �E�a�c�h�.

�_ �I �_ �£ �a�. �(�I  ��.�6 �a�. �d�.
�P�l�a�m�E�x�c�i�t�i�n�g�B�a�t�h�s�,�o�f �t�h�e�b�e�s�t�m�a�n�u�f�a�c�t�u�r�e�: �

�G�u�t�t�a�P�e�r�c�h�a�.�. �F�o�r�H�a�t�e�s�.�. �(�h�a�s�.�1�8�6�.�, ��m�, ��6�7�,�_�) �G�l�a�s�s�. �P�o�r�c�e�J�a�l�n�.

�4�-�m�.�b�y �8�-�1�1�1�. �. �. �. �2�/�3 �0 �2 �6 �0 �2 �3
�5�-�i�n�. �b�y �4�-�i�n�. �. �. �. �2�,�1�9 �0 �2 �6 �0 �3 �0
�6�-�i�n�. �b�y �5�-�i�n�. �. �. �. �4�/�6 �0 �4 �0 �o �a �6
�8�§�~�i�n�.�b�y �6�Q�-�i�n�. �. �. �. �6�/�9 �0�1�1�6 �0 �4 �6

�l�O�-�i�n�. �b�y �8�-�i�n�. �. �. �. �8�/�8 �0�1�4�6 �0�1�0�0

�1�2�-�i�n�. �b�y�l�O�-�i�n�. �. �. �. �9�/�6
�1�5�-�i�n�. �b�y�l�2�-�i�n�. �. �. �. �1�4�/�6

�1�8�6�8�E�x�c�i�t�i�n�g�B�a�t�h�,�w�i�t�h�w�a�t�e�r�-�t�i�g�h�t�c�o�v�e�r�,�o�f �t�h�e�b�e�s�t�m�a�n�u
�f�a�c�t�u�r�e�: � �G�u�l�t�a�P�e�m�h�a�o�r�(�1�1�m�,

�I�n �m�a�h�o�g�a�n�y�c�a�s�e�,�F�1�0�.�1�8�6�8�.
�F�o�r�G�l�a�s�s�P�l�a�t�e�s�. �G�u�t�t�a�P�e�r�c�h�; �B�r�a�s�s�s�c�r�e�w�a�l

�c�u�e�.
�4�-�m�. �b�y �8�-�i�n�. �. �. �. �7�/ �0 �1�0 �6 �0 �l�4 �6
�5�-�i�n�. �b�y �4�-�i�n�. �. �. �. �l�6 �0 �1�1 �6 �0 �1�6 �o



�1�0�7�,�H�O�L�B�O�R�N�H�I�L�L�,�1�, �H�A�T�T�O�N�G�A�R�D�E�N�,�m�5�9�, �C�O�R�N�H�I�L�L�,�L�O�N�D�O�N�.�1�6�3

� � 

�E�x�c�i�t�i�n�g�B�a�t�h�s �
�6�-�i�u�. �b�y �5�-�i�n�. �. �. �. �1�0�/�6 �0�1�3�6 �1 �0 �0
�8�Q�-�i�n�.�b�y �G�Q�-�i�n�. �. �.�_ �. �1�3�/ �0�1�8�6 �1 �6 �0

�l�O�-�i�n�. �b�y �8�-�i�n�. �. �. �. �1�5�/ �1 �5 �6 �1�1�0�o
�1�2�-�i�n�. �b�y�l�O�-�i�n�. �. �. �. �1�7�/�6 �1�1�6�0 �2 �0 �0

�1�5�-�i�n�. �b�y�1�2�-�i�n�. �. �. �. �2�3�/�6 �2 �2 �0 �2�1�0�0
�1�8�6�9�G�u�t�t�a�P�e�r�c�h�a�D�i�p�p�e�r�a�. �. �. �. �. �[�6�, �I�s�, �0 �1 �0 �0 �l �6
�1�8�7�0�G�l�a�s�s�d�i�t�t�o�. �. �. �. �. �. �~ �l�8�,�1�0�/�,�0�1�0�0�1�6

�L�E�V�E�L�L�I�N�G�O�R�D�E�V�E�L�O�P�I�N�G�S�T�A�N�D�S�.

�F�1�0�.�1�8�7�3�.

�F�1�0�.�1�8�7�1�.
�F�1�0�.�1�8�7�4�.

�l�8�7�l �P�l�a�i�n�l ��i�x�i�n�g�S�t�a�n�d�(û��g�.�1�8�7�1�) �. �. �. �. �. �0 �2 �6
�1�8�7�2�D�i�t�t�o �d�i�t�t�o �w�i�t�h�a�d�j�u�s�t�i�n�g�s�c�r�e�w�s�. �. �. �. �0 �5 �6
�1�8�7�3�D�e�v�e�l�o�p�i�n�g�o�r �F�i�x�i�n�g�S�t�a�n�d�(û��g�.�1�8�7�3�)�,�t�o �t�a�k�e�a�l�l �s�i�z�e�s

�o�f �p�l�a�t�e�s �. �. �. �. �. �. �. �. �. �0 �1�0 �6

�1�8�7�4�D�e�v�e�l�o�p�i�n�g�o�r�F�i�x�i�n�g�S�t�a�n�d�,�T�r�i�a�n�g�u�l�a�r�F�o�r�m�(û��g�.�1�8�7�4�)�: �
�'�l ��p�i�l�l�l�Q�. �Q�-�p�l�a�t�e �W�h�o�l�e�p�l�a�t�e�.

�3�/�6 �5�/�6 �7�/�6�a�n�d�1�0�/�6�.
�1�8�7�5�G�l�a�s�s�L�e�v�e�l�l�i�n�g�S�t�a�n�d�,�T�r�i�a�n�g�u�l�a�r�F�o�r�m�. �. �. �0 �2 �0

�W�A�S�H�I�N�G�A�N�D�E�X�C�I�T�I�N�G�D�I�S�H�E�S�.

�1�8�7�6�P�o�r�c�e�l�a�i�n�D�i�s�h�e�s�,�w�i�t�h�p�e�r�f�e�c�t�l�yû��a�t�b�o�t�t�o�m�s�,�f�o�r�p�r�e�p�a�r�i�n�g�p�h�o�t�o�g�r�a�p�h�i�c�p�a�p�e�r�s�,
�m�a�n�u�f�a�c�t�u�r�e�d�o�f�t�h�eû��n�e�s�t�p�o�r�c�e�l�a�i�n�,�v�e�r�y�c�a�r�e�f�u�l�l�y�g�l�a�z�e�d�(û��g�.�1�8�7�6�)�: �

�S�l�z�e�. �P�r�i�c�e�.
�5�-�i�n�. �b�y �4�-�i�n�. �, �_ �[�1�0 �F�m�.�1�8�7�6�.

�6�§�-�i�n�.�b�y �4�§�-�i�n�. �. �. �]�/
�7�-�1�'�n�. �b�y �5�-�i�n�. �. �, �1�/�4
�8�-�i�n�. �b�y �6�-�i�n�. �. �. �1�/�6

�l�O�-�i�n�. �b�y �B�-�i�n�. �. �. �1�/�9
�l�2�-�i�n�. �b�y�l�O�-�i�n�. �. �. �3�/

�1�4�-�i�n�. �b�y�1�2�-�i�n�. �. �. �5�/�6
�lû��-�i�n�. �b�y�l�4�-�i�n�. �. �. �6�/�6
�l�7�-�i�n�. �b�y�l�3�-�i�n�. �. �. �7�/�6
�l�9�-�i�n�. �b�y�1�5�-�i�n�. �. �. �1�0�/�6

� � 
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1877 Porcelain Dishes, deep, suited for washing papers, etc. :-

siu 5-In. by «an. 9-1». by 1-In. ll-In. by 10-11.. 1b.1n. by 9411.

Price 1/. 2;. 5/6. 8/.

1818 Glass Dishes, with ground and polished bottoms, for exciting photographic

papers, &c. :-

siu 11-11;. by 6|-in. 95-11:. by ‘Ii-In. 10;-In. by sun. “.11; by 1o|-in.

Price 5/ to 6/ 8/ to 11/ 12/6 to 16/ 16/ to 21/

Each. Esau.
3 1. of. £ 1. d.

1879 Gutta Poroha. Washing Trays, with turned over edges, -

insetsoffonr . . . . . perset 016 0‘ 1 1 0

1880 Ditto ditto made of sheet gutta percha, set of three,

smallest size, l0-in. by 8-in. . . . . . . 0 12 0

1881 Gotta. Psrcha. Trays, 8-in. by 6-in. . . . . o 2 o

1882 Ditto ditto 9}-in. hy 7}-in. . . . . . o 2 9

I883 Gotta Porcha Trays, made of sheet, to any size required

1884 Plate Glass Slabs, various sizes 1/, 2/, o 3 o o 5 o

1885 Glass Graduated lleasurss, cylindrical form, shewing

ounces and drschms :—

I-oa. 1-0:. 4-0:. 6.43:. |o.o;_ 104:,

1/2 U4 2} 2/3 3/ 4/6

1886 Gllll Graduntod Heasnros, conical form :—

l-os. 1-oa. His 6-0:. 104:. 10-03.

1/3 1/4 2/ 2/3 3/6 5/

1887 onsortlfwo-drachm-Gnduimdltsasures. . . o 1 o

1888 Glass IPunnols:—
n1unuor.—1§~1n.' 1;-1n. 2-in. 2;-1n; mi. 4-111. 5-111. Ha.

I3 /3 I4 I5 /6 I8 ll 1/6

1889 Glass Rod, for applying solutions to paper, &c. . . 0 l 0
1890 Pipettos,orDropping'1‘nhes. . ~. . 0 o 3 o 0 6

189lGhuSt.irringRodg.......002 oos

1892 Bottles, white glass, best London stoppex-ed, per doz.:—
Oonlonts.—los. 3-cs. a-oz. «or. 6-0:. 8-03. 1 pm.

5/ 7/ 8/ 8/6 9/6 10/6 15/

1893 Ditto, yellow glass, various . -

1994 Glusspiritnamps . . . . 116. 2/, o 2 6 o 5 6

1895 Dark Lanterns, with yellow glass shade . . 0 5 0 0 l2 0
1896 Oil Lamp, plain, with ditto . . . . . 0 3 6
1897 A1-gentnmetsr, for testing nitrste of silver solution 0 2 6

1898 Portable Still, with worm and tub, for the distillation of
water on common fire . § gallon 0 17 6

1399 Ditto ditto (fig. 1899) . 1 gallon 1 1 o
1900 Ditto ditto best make . ,, _ l 6 0
1901 Ditto ditto best make . 2 gallons . 2 0 0
1902 Ditto ditto copper . . . . . 1 10 0 2 9 0
1903 one Quart Stoneware Filter . . . . . ‘ 0 1o 6



�1�0�7�,�H�O�L�B�O�R�N�H�I�L�L�,�1�, �H�A�T�T�O�N�G�A�R�D�E�N�,�s�u�n�6�9�,�G�O�R�N�H�I�L�L�,�L�O�N�D�O�N�.�1�6�5

�1�9�0�4

�1�9�0�5

�1�9�0�6

�1�9�0�7

�1�9�0�8

�1�9�0�9

�1�9�1�0

�1�9�1�1

�1�9�1�2

�1�9�1�3

�1�9�1�4

�1�9�1�5

�1�9�1�6

�1�9�1�7

�1�9�1�8

�1�9�1�9

�1�9�2�0

�F�1�0�.�1�8�9�9�,

� � 

�H�a�l�f�-�G�a�l�l�o�n�S�t�o�n�e�B�a�r�r�e�l�,�w�i�t�h�t�a�p�,�f�o�r�h�o�l�d�i�n�g�d�i�s�t�i�l�l�e�d
�w�a�t�e�r �. �. �.

�P�o�l�i�s�h�i�n�g�B�uû� ��s�,�f�o�r�g�l�a�s�s�o�r�m�e�t�a�l�p�l�a�t�e�s
�D�i�t�t�o �d�i�t�t�o �w�i�t�h�h�a�n�d�l�e�(û��g�.�1�9�0�6�)

�F�1�0�.�1�9�0�6�. �,

�E�a�c�h�.
�£ �n

�0�0�0
�0�1�8�,�0�3

� � 

�P�n�e�u�m�a�t�i�c�P�l�a�t�e�H�o�l�d�e�r�s�' �. �. �.
�F�o�c�u�s�s�i�n�g�G�l�a�s�s�e�s�,�f�o�r �a�d�j�u�s�t�i�n�g�t�h�e

�c�a�m�e�r�a�s �, �. �. �. �. �. �.

�F�o�c�u�s�s�i�n�g�G�l�a�s�s�,�i�n �p�l�a�i�n�t�i�n �m�o�u�n�t�i�n�g�. �. �. �.
�H�o�r�n�F�o�r�c�e�p�s�,�f�o�r�m�a�n�i�p�u�l�a�t�i�n�g�w�i�t�h�p�h�o�t�o�g�r�a�p�h�i�c�p�a�p�e�r
�I�m�p�r�o�v�e�d�C�a�m�e�l ��a�H�a�i�r�B�r�u�s�h�e�s�,�p�r�e�p�a�r�e�d�e�x�p�r�e�s�s�l�y

�f�o�r�p�h�o�t�o�g�r�a�p�h�i�c�p�u�r�p�o�s�e�s�,�r�o�u�n�d�. �. �.

�D�i�t�t�o �d�i�t�t�o û��a�t �.

�D�i�t�t�o �d�i�t�t�o �l�a�r�g�e�r�s�i�z�e�s�. �. �. �.

�B�u�c�k�l�e ��s�C�o�t�t�o�n�W�o�o�l�B�r�u�s�h�,�w�i�t�h�s�i�l�v�e�r�w�i�r�e
�S�c�a�l�e�s�a�n�d�W�e�i�g�h�t�s�,�c�o�m�m�o�n
�D�i�t�t�o �d�i�t�t�o �b�e�s�t�m�a�k�e�,�w�i�t�h�g�l�a�s�s�p�a�n�s

�S�t�e�w�a�r�t ��s�A�p�p�a�r�a�t�u�s�f�o�r�p�r�e�p�a�r�i�n�g
�C�o�l�l�o�d�i�o�n�B�o�t�t�l�e�s �- �. �. �. �.
�D�i�t�t�o �d�i�t�t�o�,�g�r�a�d�u�a�t�e�d �. �. �. �.

�P�o�u�r�i�n�g�G�l�a�s�s�e�s�,�f�o�r�d�e�v�e�l�o�p�i�n�g�s�o�l�u�t�i�o�n�s

�f�o�c�u�s�s�c�r�e�e�n�o�f

�2�1�6�, �6�'

�P�a�p�e�r�i�n �V�a�c�u�o�-

�0 �1�0

�O�O�W�O�O �w�H�e�-�a�a�w�a

�d

�0�0�:�1�0�a�m

�O�O

�C�O�O

�O�O�O�H�O�O�O�O�O�Q

�E�a�c�h�.

�1�0

�1�4

�)�I�I

�n�e�u�r�o�s�e�s�-�\ �

�' �

�6�7�°

�s�h�a�h

 ��a

�O�O�O�O�O�Q�O�Q�Q�Q�O

�G�l�a�s�s�R�e�t�o�r�t�s�,�R�e�c�e�i�v�e�r�s�,�F�l�a�s�k�s�,�M�o�r�t�a�r�s�a�n�d�P�e�s�t�l�e�s�,�R�e�t�o�r�t�S�t�a�n�d�s�,�a�n�d�o�t�h�e�r

�C�h�e�m�i�c�a�l�A�p�p�a�r�a�t�u�s�,�s�e�e�C�h�e�m�i�c�a�l�S�e�c�t�i�o�n�o�f �C�a�t�a�l�o�g�u�e�,�p�a�g�e�4�0�t�o �7�2�.



�1�6�6 �S�C�I�E�N�T�I�F�I�C�I�N�S�T�R�U�M�E�N�T�S�M�A�N�U�F�A�C�T�U�R�E�D�B�Y�N�E�G�R�E�T�T�I�d�z �Z�A�M�B�R�A�,

�P�L�A�T�E�B�O�X�E�S�.

�F�1�0�.�1�9�2�3�.

� 

� � 

�1�9�2�1�B�o�x�e�s�,�t�o �h�o�l�d�o�n�e�o�r �t�w�o�d�o�z�e�n�g�l�a�s�s�o�r �s�i�l�v�e�r�p�l�a�t�e�s�,�i�n �w�h�i�t�e�w�o�o�d�o�r
�m�a�h�o�g�a�n�y�(û��g�.�1�9�2�1�)�: �

�W�h�i�t�e�W�o�o�d�.
�S�i�z�e�o�f �P�l�a�t�e�. �l �d�o�z�e�n�. �2 �d�o�z�e�n�.

�£ �.�1�. �(�1�. �£ �a�. �d�.

�i�l�l�-�i�n�. �b�y �2�3�-�h�. �0 �l �6 �0 �2 �9
�4�}�-�i�n�. �3�1�4�1�1�. �O �2 �3 �0 �3 �3

�5�~�i�n�. �4�-�i�n�. �0 �2 �9 �0 �3 �6
�G�Q�-�i�n�. �4�%�4�1�1�. �0 �3 �3 �0 �4 �0
�S�Q�-�i�n�. �(�S�Q�-�i�n�. �0 �4 �0 �0 �5 �0

�l�O�-�i�n�. �8�-�i�l�'�l�. �0 �4 �9 �0 �6 �0

�l�2�-�i�n�. �l�O�-�i�n�. �o �6 �a  � �0 �7 �9
�l�5�-�i�n�. �l�2�-�i�n�. �0 �8 �0 �0 �l�l �0

�1�9�2�1�'�I �P�l�a�t�e�B�o�x�e�s�,�S�t�e�r�e�o�s�c�o�p�i�c�s�i�z�e �0 �3 �_�0 �0 �4 �0

�1�9�2�2�L�o�c�k�s�a�n�d�B�r�a�s�s�H�a�n�d�l�e�s�t�o �t�h�e�a�b�o�v�e �e�x�t�r�a�,�f�r�o�m

�1�9�2�3�B�r�a�s�s�-�s�c�r�e�w�e�d�f�o�r �I�n�d�i�a�(û��g�.�1�9�2�3�) �,�, �,�,

�1�9�2�4�L�e�a�t�h�e�r�S�l�i�n�g�C�a�s�e�s�f�o�r �L�e�n�s�e�s �
�F�o�r�a �l�e�n�s�2�-�i�n�.�d�i�a�m�e�t�e�r �. �. �. �.

�,�, �3�-�i�n�. �,�,

�,�, �4 ��i�n�. �,�,

�S�O�L�I�D�L�E�A�T�H�E�R�C�A�S�E�S�,�F�O�R�F�O�L�D�I�N�G�C�A�M�E�R�A�S�.

�O�O�O�O�O�O�O�M

�M�a�h�o�g�a�n�y�,�p�o�l�l�s�n�e�d�.

�1 �d�o�z�e�n�.

 ��- �d�.

�3 �0
�3 �6

�3 �9
�4 �3

�5 �0

�6 �6
�8 �6

�1�3 �0

�6 �0

�E�a�c�h�.

�8�. �d�.

�2 �0

�1 �0

�'�2 �d�o�z�e�n�.

�O�O�Q�O�O�O�O�O�O�M �O�O�O�O�O�O�O�Q�Q ��J�O�P

�t�-�I�i�-�l

�u�p�P�E ��aû��m�eû��a�l�b�t�h�i�b�F

�o�o�h

�0�0�%

�0�1�0�0

�0�1�3�O
�0�1�6�0

�1�9�2�5�S�t�o�u�t�L�e�a�t�h�e�r�C�a�s�e�w�i�t�h�S�t�r�a�p�s�,�f�o�r�h�o�l�d�i�n�g�c�a�m�e�r�a�s�a�n�d�h�a�c�k�s�f�o�r�t�r�a�v�e�l�l�i�n�g�: �
�l�b�-�l�n�.�b�y�1�2�4�1�1�.

�£�3�1�5 �O

�l�h�-�l�n�.�b�y�l�2�1�n�,
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�1�3�2�i�:�s�. �d�. �s�. �d�. �s�. �(�I�. �s�. �d�. �s�. �d�. �s�. �d�. �s �d�.

�2�§�-�i�n�.�b�y�i�-�i�n�. �3 �0 �3 �o �8 �0 �4 �6 �1�3 �6 �9 �6 �1�5 �0
�3�}�-�i�n�.�b�y�2�i�-�i�n�. �5 �0 �6 �0 �1�3 �8 �8 �0 �2�4 �0 �1�7 �6 �2�7 �0
�4�}�-�i�n�.�b�y�{�i�i�-�i�n�. �7 �0 �9 �6 �2�1 �0 �l�2 �6 �3�7 �0 �2�6 �6 �4�1 �6
�5�-�i�n�. �b�y�4�-�i�n�.�1�0 �o �1�3 �6 �3�0 �o �1�8 �o �5�3 �6 �a�s �6 �6�0 �o �g
�6�Q�-�i�n�.�b�y�4�% ��i�n�.�1�6 �0 �2�1 �0 �4�7 �0 �3�1 �0 �6�0 �0 �5�8 �6 �9�8 �0 � �:�0

�8�§�-�i�n�.�b�y�G�Q�-�i�n�.�2�7 �6 �3�7 �o �8�5 �o �5�5 �0 �s�7 �6 �1�0�6 �o �1�7�5 �o�f

�6�§�-�i�n�.�b�y�3�1�-�h�.�1�0 �0 �l�4 �0 �3�5 �0 �2�6 �6 �1�5�6 �0 �4�2�- �0 �9�8 �O�i

�V�I�G�N�E�T�T�E�P�L�A�T�E�S�.

�P�o�a�'�r�n�u�'�r�A�N�D�L�s�n�n�s�c�s�r�s�.�V�I�G�N�E�T�T�E�S�. �P�o�s�r�r�i�v�r�:�V�i�c�s�s�r�r�s�s�.
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�2�0�1�1�S�i�l�v�e�r�N�i�t�r�a�t�e�,�p�u�r�e�,�c�r�y�s�t�a�l�l�i�s�e�d �. �. �0 �4 �0
�2�0�1�2 �,�, �,�, �f�u�s�e�d�,�p�e�r�f�e�c�t�l�y�p�u�r�e �. �. �. �0 �5 �0
�2�0�1�3�S�o�d�a�H�y�p�o�s�u�l�p�h�a�t�e�,�p�u�r�e �. �. �. �p�e�r�1�b�.�, �[�9 �0 �0 �l
�2�0�1�4�S�o�d�i�u�m�C�h�l�o�r�i�d�e�,�p�u�r�e �. �. �. �. �. �o �0 �6
�2�0�1�5�P�r�e�p�a�r�e�d�C�o�t�t�o�n�W�o�o�l�. �. �. �. �. �p�e�r�l�b�. �0 �2 �6
�2�0�1�6�S�u�g�a�r�o�f �M�i�l�k �. �. �. �. �. �. �. �0 �o �3
�2�0�1�7�P�e�r�f�e�c�t�l�y�P�u�r�e�A�n�i�m�a�l�C�h�a�r�a�1 �. �. �. �. �. �o �0 �8
�2�0�1�8�V�i�r�g�i�n�W�a�x�. �. �. �. �. �. �. �p�e�r�l�b�. �0 �8 �0

�2�0�1�9�T�r�i�p�o�l�i�.�.�.�.�. �.�. �0�0�6
�2�0�2�0�N�a�p�t�h�a�,�r�e�c�t�iû��e�d�,�f�o�r�b�u�r�n�i�n�g�. �. �. �p�e�r�p�i�n�t �0 �2 �0
�2�0�2�1�D�i�s�t�i�l�l�e�d�W�a�t�e�r�.�p�u�r�e �. �. �. �. �p�e�r�g�a�l�l�o�n �0 �1 �0
�2�0�2�2�V�a�r�n�i�s�h�f�o�r �C�o�l�l�o�d�i�o�n�P�i�c�t�u�r�e�s �. �. �p�e�r�b�o�t�t�l�e �0 �l �0
�2�0�2�3�A�m�b�e�r�V�a�r�n�i�s�h�,�f�o�r �d�i�t�t�o �. �. �. �,�, �0 �1 �6 �0 �2 �6
�2�0�2�4�B�l�a�c�k�V�a�r�n�i�s�h�,�f�o�r�b�a�c�k�i�n�g�d�i�t�t�o �. �. �,�, �0 �1 �o
�2�0�2�5�P�o�l�i�s�h�i�n�g�L�i�q�u�i�d�,�f�o�r �c�l�e�a�n�i�n�g�g�l�a�s�s�p�l�a�t�e�s �,�, �0 �0 �6 �0 �1 �0
�2�0�2�6�C�y�a�n�o�g�e�n�P�a�s�t�e�,�f�o�r �r�e�m�o�v�i�n�g�n�i�t�r�a�t�e�o�f �s�i�l�v�e�r�s�t�a�i�n�s�,

�p�e�r�p�o�t �0 �l �0

�T�h�e�s�e�p�r�i�c�e�s�a�r�e�s�u�b�j�e�c�t�t�o �c�o�n�s�t�a�n�t�v�a�r�i�a�t�i�o�n�.

�A�l�l�o�t�h�e�r�c�h�e�m�i�c�a�l�t�e�s�t�s�a�n�d�r�e�-�a�g�e�n�t�s�,�a�t �c�u�r�r�e�n�t�m�a�r�k�e�t�p�r�i�c�e�s�.

� 

�D�A�G�U�E�R�R�E�O�T�Y�P�E�A�P�P�A�R�A�T�U�S�.

�T�h�e�D�a�g�u�e�r�r�e�o�t�y�p�e�p�r�o�c�e�s�s�u�p�o�n�t�h�e�s�i�l�v�e�r�p�l�a�t�e�h�a�v�i�n�g�b�e�e�n�a�l�m�o�s�t�s�u�p�e�r

�s�e�d�e�d�b�y�t�h�e�c�o�l�l�o�d�i�o�n�a�n�d�p�a�p�e�r�p�r�o�c�e�s�s�e�s�,�M�e�s�s�r�s�.�N�e�g�r�e�t�t�i�a�n�d�Z�a�m�b�r�a�h�a�v�e�d�e�t�e�r�m�i�n�e�d

�n�o�t�t�o �d�e�t�a�i�l�o�r �q�u�o�t�e�p�r�i�c�e�s�f�o�r�t�h�i�s �b�r�a�n�c�h�o�f �p�h�o�t�o�g�r�a�p�h�y�;�b�u�t�h�a�v�i�n�g�h�a�d�a �l�o�n�g

�p�r�a�c�t�i�c�a�l�e�x�p�e�r�i�e�n�c�e�i�n �t�h�e �d�a�g�u�e�r�r�e�o�t�y�p�e�p�r�o�c�e�s�s�,�t�h�e�y�c�a�n�s�u�p�p�l�y�a�p�p�a�r�a�t�u�s�,�&�c�.

�c�o�n�n�e�c�t�e�d�w�i�t�h�t�h�i�s�a�r�t�, �o�f �t�h�e�m�o�s�t�p�e�r�f�e�c�t�a�n�d�i�m�p�r�o�v�e�d�m�a�n�u�f�a�c�t�u�r�e�.

�D�a�g�u�e�r�r�e�o�t�y�p�e�C�a�m�e�r�a�s�. �P�l�a�t�e�B�e�n�d�e�r�s�a�n�d�C�u�t�t�e�r�s�.

�P�a�r�a�l�l�e�l�M�i�r�r�o�r�s�. �E�l�e�c�t�r�o�-�S�i�l�v�e�r�i�n�g�A�p�p�a�r�a�t�u�s�.

�I�o�d�i�z�i�n�g�a�n�d�B�r�o�m�i�n�e�A�p�p�a�r�a�t�u�s�.�W�a�s�h�i�n�g�a�n�d�G�i�l�d�i�n�g�d�i�t�t�o�.

�M�e�r�c�u�r�y�B�o�x�e�s�. �S�i�l�v�e�r�P�l�a�t�e�s�,�b�e�s�t�E�n�g�l�i�s�h�.

�T�h�e�r�m�o�m�e�t�e�r�s�f�o�r�d�i�t�t�o�. �D�i�t�t�o �d�i�t�t�o �F�r�e�n�c�h�a�n�d�G�e�r�m�a�n

�P�o�l�i�s�h�i�n�g�B�uû� ��s�a�n�d�A�p�p�a�r�a�t�u�s�. �C�h�e�m�i�c�a�l�s�f�o�r�d�a�g�u�e�r�r�e�o�t�y�p�c�.

�P�l�a�t�e�H�o�l�d�e�r�s�,�m�e�t�a�l�a�n�d�w�o�o�d�.



�1�0�7�,�H�O�L�B�O�R�N�H�I�L�L�,�1�, �H�A�T�T�O�N�G�A�R�D�E�N�,�A�N�D�5�9�, �C�O�R�N�H�I�L�L�,�L�O�N�D�O�N�.�1�7�3

�E�S�T�I�M�A�T�E�S�F�O�R�C�O�M�P�L�E�T�E�S�E�T�S�O�F

�P�H�O�T�O�G�R�A�P�H�I�C�A�P�P�A�R�A�T�U�S�.

�S�E�T�S�F�O�R�T�H�E�C�O�L�L�O�D�I�O�N�P�R�O�C�E�S�S�.

�2�0�2�7�A�c�o�m�p�l�e�t�e�S�e�t�o�f �A�p�p�a�r�a�t�u�s�f�o�r �t�h�e�P�o�s�i�t�i�v�e�C�o�l�l�e�d�i�o�n�P�r�o�c�e�s�s�,�t�o �t�a�k�e

�2�0�2�8

�2�0�2�9

�2�0�3�0

�2�0�3�1

�2�0�3�2

�2�0�3�3

�2�0�3�4

�p�o�r�t�r�a�i�t�s�o�r �v�i�e�w�s�H�-�i�n�.�b�y�3�1�>�-�i�n�.�;�c�o�m�p�l�e�t�e�i�n �c�a�s�e�,�w�i�t�h�l�o�c�k�a�n�d�k�e�y�,

�£�3 �0 �0

�T�h�i�s�s�e�t�o�f �a�p�p�a�r�a�t�u�s�c�o�n�t�a�i�n�s�a�d�o�u�b�l�e�c�o�m�b�i�n�a�t�i�o�n�a�c�h�r�o�m�a�t�i�c�l�e�n�s�,�w�i�t�h�r�a�c�k
�w�o�r�k�a�d�j�u�s�t�m�e�n�t�,�m�o�u�n�t�e�d�o�n�a�s�h�i�f�t�i�n�g�b�o�d�y�c�a�m�e�r�a�; �a�c�a�m�e�r�a�s�t�a�n�d�,�e�x�c�i�t�i�n�g
�b�a�t�h�a�n�d�d�i�p�p�e�r�,�s�c�a�l�e�s�a�n�d�w�e�i�g�h�t�s�,�g�l�a�s�s�f�u�n�n�e�l�a�n�d�g�r�a�d�u�a�t�e�d�m�e�a�s�u�r�e�,
�w�a�s�h�i�n�g�t�r�a�y�,û��l�t�e�r �p�a�p�e�r�;�o�n�e�d�o�z�e�n�g�l�a�s�s�p�l�a�t�e�s�a�n�d�b�o�t�t�l�e�s�,�c�o�n�t�a�i�n�i�n�g
�s�o�l�u�t�i�o�n�o�f �n�i�t�r�a�t�e�o�f �s�i�l�v�e�r�,�p�r�e�p�a�r�e�d�f�o�r �t�h�e �e�x�c�i�t�i�n�g�b�a�t�h�,�c�o�l�l�o�d�i�o�n�,�d�e
�v�e�l�o�p�i�n�g�s�o�l�u�t�i�o�n�,�c�y�a�n�i�d�e�o�f�p�o�t�a�s�s�i�u�m�,�a�n�d�v�a�r�n�i�s�h�;�w�i�t�h�b�o�o�k�o�f�d�i�r�e�c�t�i�o�n�s
�f�o�r�u�s�e�.

�P�e�r�s�e�t�.

�£�0�.�1�1�.
�P�o�r�t�a�l�.

�1�% �a�. �a�.
�A�s�i�m�i�l�a�r�S�e�t�o�f �A�p�p�a�r�a�t�u�s�t�o �N�o�.�2�0�2�7�,�f�o�r �p�o�s�i�t�i�v�e

�c�o�l�l�o�d�i�o�n�p�r�o�c�e�s�s�,�t�o �t�a�k�e�p�o�r�t�r�a�i�t�s�o�r �v�i�e�w�s�6�§�~�i�n�.�b�y
�4�E�-�i�n�. �. �. �. �. �. �. �. �. �. �.

�A�c�o�m�p�l�e�t�e�S�e�t�o�f �B�e�s�t�A�p�p�a�r�a�t�u�s�f�o�r �t�h�e�N�e�g�a�t�i�v�e
�a�n�d�P�o�s�i�t�i�v�e�C�o�l�l�o�d�i�o�n�P�r�o�c�e�s�s�e�s�,û��t�t�e�d�u�p�w�i�t�h�s�u�p�e�r�i�o�r
�a�c�h�r�o�m�a�t�i�c�d�o�u�b�l�e�c�o�m�b�i�n�a�t�i�o�n�l�e�n�s�e�s�,�a�n�d�a�m�p�l�e�s�u�p�p�l�y
�o�f �t�h�e�r�e�q�u�i�s�i�t�e�c�h�e�m�i�c�a�l�s�a�n�d�a�p�p�a�r�a�t�u�s�;�t�o �t�a�k�e�p�o�r
�t�r�a�i�t�s�a�n�d�v�i�e�w�s�4�1�,�1�-�i�n�.�b�y�{�i�i�-�i�n�.�:�, �i�n �s�t�o�u�t�c�a�s�e�w�i�t�h�l�o�c�k
�a�n�d�k�e�y�,�a�n�d�d�i�r�e�c�t�i�o�n�s�f�o�r�u�s�e �. �. �. �.

�A�s�i�m�i�l�a�r�S�e�t�o�f �B�e�s�t�A�p�p�a�r�a�t�u�s�t�o �N�o�.�2�0�2�9�,�f�o�r
�p�o�s�i�t�i�v�e�a�n�d�n�e�g�a�t�i�v�e�c�o�l�l�o�d�i�o�n�p�r�o�c�e�s�s�,�t�o �t�a�k�e
�p�o�r�t�r�a�i�t�s�a�n�d�v�i�e�w�s�6�5�-�i�n�.�b�y�4�5�f�-�i�n�. �. �. �.

�A�s�i�m�i�l�a�r�S�e�t�o�f �B�e�s�t�A�p�p�a�r�a�t�u�s�t�o �N�o�.�2�0�2�9�,�f�o�r
�p�o�s�i�t�i�v�e�a�n�d�n�e�g�a�t�i�v�e�c�o�l�l�o�d�i�o�n�p�r�o�c�e�s�s�,�t�o �t�a�k�e
�p�o�r�t�r�a�i�t�s�a�n�d�v�i�e�w�s�S�Q�-�i�n�.�b�y�6�§�-�i�n�. �. �. �.

�1�0�0�0

�l�5 �l�0 �0
�S�e�t�s�N�o�s�.�2�0�3�0�a�n�d�2�0�3�1�h�a�v�e�t�h�e�l�e�n�s�e�s�s�o�a�r�r�a�n�g�e�d�,�t�h�a�t�o�n�e�c�a�n�b�e�r�e�m�o�v�e�d

�a�n�d�t�h�e�o�t�h�e�r�r�e�v�e�r�s�e�d�i�n �t�h�e�m�o�u�n�t�i�n�g�,�t�o �w�o�r�k�a�s �a �s�i�n�g�l�e�c�o�m�b�i�n�a�t�i�o�n�,�f�o�r �.
�o�b�t�a�i�n�i�n�g�l�a�r�g�e�r�v�i�e�w�s�o�r�p�i�c�t�u�r�e�s�o�f �n�e�a�r�o�b�j�e�c�t�s�.

�S�E�T�S�O�F�S�T�E�R�E�O�S�C�O�P�I�C�A�P�P�A�R�A�T�U�S�.

�T�o�u�r�i�s�t�s�'�S�t�e�r�e�o�s�c�o�p�i�c�C�a�m�e�r�a�,�w�i�t�h�a�d�o�u�b�l�e�c�o�m�b�i�n�a�t�i�o�n
�a�c�h�r�o�m�a�t�i�c�l�e�n�s�f�o�r�p�o�r�t�r�a�i�t�s�,�c�o�m�p�l�e�t�e�,�w�i�t�h�t�r�i�p�o�d�s�t�a�n�d�,
�a�n�d�s�i�x �d�a�r�k�p�l�a�t�e�h�o�l�d�e�r�s�,�f�o�r �w�e�t�o�r �d�r�y�c�o�l�l�o�d�i�o�n
�p�r�o�c�e�s�s�. �. �. �. �. �. �. �. �. �. �6 �6 �0

�D�i�t�t�o �d�i�t�t�o �s�a�m�e�a�s�N�o�.�2�0�3�2�,�w�i�t�h�e�x�t�r�a�s�i�n�g�l�e�a�c�h�r�o
�m�a�t�i�c�c�o�m�b�i�n�a�t�i�o�n�f�o�r�v�i�e�w�s�,�a�n�d�c�h�e�m�i�c�a�l�s�,�i�n �s�t�o�u�t�c�a�s�e

�A�v�e�r�y�c�o�m�p�l�e�t�e�a�n�d�P�o�r�t�a�b�l�e�S�t�e�r�e�o�s�c�o�p�i�c�r�'�A�p�p�a

�r�a�t�u�s�,�w�i�t�h�a�d�o�u�b�l�e�c�o�m�b�i�n�a�t�i�o�n�a�c�h�r�o�m�a�t�i�c�l�e�n�s�,�w�i�t�h
�c�a�m�e�r�a�s�t�a�n�d�a�p�p�a�r�a�t�u�s�,�a�n�d�c�h�e�m�i�c�a�l�s�f�o�r�w�e�t�c�o�l�l�o�d�i�o�n
�p�r�o�c�e�s�s�. �. �. �. �. �. �. �. �6 �6 �0



�1�7�4 �S�C�I�E�N�T�I�F�I�C�I�N�S�T�R�U�M�E�N�T�S�M�A�N�U�F�A�C�T�U�R�E�D�B�Y�N�E�G�R�E�T�T�I�&�z�a�n�n�s�s�.

�S�E�T�S�F�O�B�.�P�A�P�E�R�A�N�D�C�O�L�L�O�D�I�O�N�P�R�O�C�E�S�S�E�S�.

�P�e�r�s�e�t�. �f�'�i�r�l�e�t�.

�2 �s�. �d�o �a �1�. �d�.
�2�0�8�5�A�c�o�m�p�l�e�t�e�S�e�t�o�f �P�h�o�t�o�g�r�a�p�h�i�c�A�p�p�a�r�a�t�u�s�,�t�o �t�a�k�e

�p�o�r�t�r�a�i�t�s�,�5�-�i�n�.�b�y�4�-�i�n�.�,�a�n�d�v�i�e�w�s�,�7�-�i�n�.�b�y�6�-�i�n�.�,�b�y
�P�a�p�e�r�a�n�d�G�l�a�s�s�p�r�o�c�e�s�s�e�s�,�w�i�t�h�b�e�s�t�d�o�u�b�l�e�a�c�h�r�o�m�a�t�i�c
�l�e�n�s�e�s�,�i�m�p�r�o�v�e�d�s�h�i�f�t�i�n�g�b�a�c�k�c�a�m�e�r�a�,�d�a�r�k�s�l�i�d�e�s�,
�c�a�m�e�r�a�s�t�a�n�d�,�c�h�e�m�i�c�a�l�s�a�n�d�a�p�p�a�r�a�t�u�s�c�o�m�p�l�e�t�e�,�i�n
�s�t�o�u�t�c�a�s�e�,�w�i�t�h�l�o�c�k�a�n�d�k�e�y �. �. �. �. �. �1�6 �1�0 �0

�2�0�3�6�T�h�e�s�a�m�e�s�e�t�,�w�i�t�h�p�o�r�t�a�b�l�e�f�o�l�d�i�n�g�a�n�d�s�l�i�d�i�n�g�b�o�d�y
�c�a�m�e�r�a�. �. �. �. �. �. �. �. �. �. �1�9 �0 �0

�S�E�T�S�F�O�R�T�H�E�P�A�P�E�R�P�R�O�C�E�S�S�O�N�L�Y�.

�2�0�3�7�A�c�o�m�p�l�e�t�e�S�e�t�o�f �A�p�p�a�r�a�t�u�s�f�o�r �t�h�e�P�a�p�e�r�P�r�o�c�e�s�s�,
�t�o �t�a�k�e�v�i�e�w�s�w�i�t�h�a �b�e�s�t�s�i�n�g�l�e�c�o�m�b�i�n�a�t�i�o�n�a�c�h�r�o�m�a�t�i�c
�l�e�n�s�i�n �r�a�c�k�w�o�r�k�m�o�u�n�t�i�n�g�,�l�O�-�i�n�.�b�y�8�-�i�n�. �T�h�e�c�a�m�e�r�a
�a�n�d�s�t�a�n�d�o�f�t�h�e�m�o�s�t�p�o�r�t�a�b�l�e�f�o�l�d�i�n�g�f�o�r�m�,�w�i�t�h�a�m�p�l�e
�s�u�p�p�l�y�o�f�c�h�e�m�i�c�a�l�s�a�n�d�a�p�p�a�r�a�t�u�s�,�i�n �s�t�o�u�t�c�a�s�e�,�w�i�t�h

� 

�l�o�c�k�a�n�d�k�e�y �. �. �. �. �. �. �. �. �1�6 �0 �0

�2�0�3�8�D�i�t�t�o �d�i�t�t�o �f�o�r �P�a�p�e�r�P�r�o�c�e�s�s�,�t�o �t�a�k�e�p�i�c�t�u�r�e�s
�l�Q�-�i�n�.�b�y�l�O�-�i�n�. �. �. �. �. �. �. �. �. �2�1 �0 �0

�S�T�E�R�E�O�S�C�O�P�E�S�.

�F�m�.�2�0�3�9�. �F�1�0�.�2�0�4�1�.

� � 

�2�0�3�9�S�t�e�r�e�o�s�c�o�p�e�s�,�p�l�a�i�n�w�o�o�d�o�r�m�e�t�a�l�(û��g�.�2�0�3�9�)�. �. �. �0 �2 �6 �f�1 �,�3�2�0�4�0�D�i�t�t�o �p�l�a�i�n�m�a�h�o�g�a�n�y �. �. �. �. �5 �0

�2�0�4�1�D�i�t�t�o �d�i�t�t�o �w�i�t�h�b�r�a�s�s�a�d�j�u�s�t�i�n�g�e�y�e�p�i�e�c�e�s�(û��g�.
�2�0�4�1�)�.�.�.�.�.�.�.�.�.�.�0�5�0�0�1�6

�2�0�4�2�D�i�t�t�o �d�i�t�t�o �s�u�p�e�r�i�o�r�q�u�a�l�i�t�y�,�l�a�r�g�e�l�e�n�s�e�s �. �. �0 �7�' �6 �0 �1�0 �6



�1�0�7�,�H�O�L�B�O�R�N�H�I�L�L�,�1�, �H�A�T�T�O�N�G�A�R�D�E�N�,�A�N�D�6�9�, �C�O�R�N�H�I�L�L�,�L�O�N�D�O�N�.�1�7�5

�F�m�.�2�0�4�6�.

�F�1�0�.�2�0�4�8�.

� � 

�E�a�c�h�. �E�a�c�h�.
�1�1 �I�. �(�l�. �.�5 �a�. �d�.

�2�0�4�3�S�t�o�r�e�o�a�c�o�p�e�s�.�p�a�p�i�e�r�m�a�c�h�é�b�o�d�y�c�o�v�e�r�e�d�w�i�t�h�l�e�a�t�h�e�r�,
�a�n�d�b�r�a�s�s�a�d�j�u�s�t�i�n�g�m�o�u�n�t�s�. �. �. �. �. �. �0 �1�2 �6

�2�0�4�4�D�i�t�t�o �d�i�t�t�o �c�o�v�e�r�e�d�w�i�t�h�b�e�s�t�m�o�r�o�c�c�o�l�e�a�t�h�e�r �. �0 �1�7 �6

�2�0�4�5�D�i�t�t�o �d�i�t�t�o �w�i�t�h�b�e�v�e�l�l�e�d�e�d�g�e�s �. �. �. �. �1 �2 �6 �l �5 �0

�2�0�4�6�D�i�t�t�o �d�i�t�t�o �,�, �d�i�v�i�d�e�d�f�o�r�m�(û��g�.�2�0�4�6�)�1 �5 �0 �1 �l�2 �6

�P�A�T�E�N�T�C�O�S�M�O�R�A�M�I�C�S�T�E�R�E�O�S�C�O�P�E�S�.

�2�0�4�7�C�o�s�m�o�r�a�m�i�c�S�t�o�r�e�o�s�o�o�p�e�a�,�w�i�t�h�p�r�i�s�m�a�t�i�c�l�e�n�s�e�s�,�5�/�,�1�0�/�6�,�0 �1�8 �o �1 �1

�2�0�4�8�D�i�t�t�o �d�i�t�t�o �w�i�t�h�r�a�c�k�w�o�r�k�a�d�j�u�s�t�m�e�n�t�(û��g�.�2�0�4�8�)�. �1 �l�2

�F�O�L�D�I�N�G�S�T�E�R�E�O�S�C�O�P�E�S�.

�2�0�4�9�F�o�l�d�i�n�g�s�t�B�T�Q�O�B�O�O�p�e�s�,�w�i�t�h�l�e�a�t�h�e�r�c�a�s�e�,�w�i�t�h�c�o�m�p�a�r�t
 ��m�e�n�t�t�o�h�o�l�d�s�l�i�d�e�s �. �. �. �. �. �. �. �0 �1�8 �6 �1 �1�2 �6

�2�0�5�0�B�o�o�k�S�t�e�r�e�o�s�c�o�p�e�s�. �. �. �. �. �. �. �. �0 �3 �6 �0 �6 �0

�F�m�.�2�0�6�1�.

�P�A�T�E�N�T�S�T�E�R�E�O�S�C�O�P�E�S�,

�W�I�T�H�A�D�D�I�T�I�O�N�A�L�L�E�N�S�E�S�A�D�A�P�T�B�D�F�O�R

�S�H�O�R�T�O�B�L�O�N�G�S�I�G�H�T�S�.

�2�0�5�1�P�a�t�e�n�t�8�1�3�0�1�3�0�8�0�0�1�) ��,�i�n �m�a�h�o�g�a�n�y�o�r
�w�a�l�n�u�t�w�o�o�d�(û��g�2�0�5�1�) �1�8�/�. �2�1�/�.

�2�0�5�2�D�i�t�t�o �d�i�t�t�o �i�n �p�a�p�i�e�r�m�a�c�h�é�,�d�i�v�i�d�e�d
�f�o�r�m�,�c�o�v�e�r�e�d�w�i�t�h�l�e�a�t�h�e�r �2�5�]�,�2�6�]�.

�2�0�5�3�D�i�t�t�o �d�i�t�t�o �i�n �o�r�n�a�m�e�n�t�a�l�m�o�u�n�t
�i�n�g�s�,�o�f �v�a�r�i�o�u�s�p�a�t�t�e�r�m�3�2�/�6�,�4�2�1�'�.

� � 



�1�7�6 �s�c�r�s�s�'�r�r�r�r�o�I�N�S�T�R�U�M�E�N�T�S�M�A�N�U�F�A�C�T�U�R�E�D�B�Y�N�E�G�R�E�T�T�I�&�z�m�s�a�s�,

�P�A�T�E�N�T�M�A�G�I�C�S�T�E�R�E�O�S�C�O�P�E�S�.

�F�1�0�.�2�0�5�8�.

�F�m�.�2�0�6�3�.

� � 

� � 

�E�a�c�h�. �E�a�c�h�.
�.�6 �l�. �d �£ �a�. �d�.

�2�0�5�4�P�a�t�e�n�t�M�a�g�i�c�S�t�e�r�e�o�s�c�o�p�e�,�w�i�t�h�o�u�t�s�t�a�n�d �. �. �. �5 �0 �o

�2�0�5�5�D�i�t�t�o �d�i�t�t�o �w�i�t�h�t�w�o�-�d�r�a�w�a�d�j�u�s�t�i�n�g�s�t�a�n�d �5 �l�5 �0

�2�0�5�6�D�i�t�t�o �d�i�t�t�o �w�i�t�h�t�h�r�e�e�-�d�r�a�w�a�d�j�u�s�t�i�n�g�s�t�a�n�d�. �6 �6 �0

�2�0�5�7�D�i�t�t�o �d�i�t�t�o �w�i�t�h�t�h�r�e�e�-�d�r�a�w�s�t�a�n�d�,�a�n�d�r�a�c�k�-�w�o�r�k
�a�d�j�u�s�t�m�e�n�t�t�o�e�y�e�l�e�n�s�e�s �. �. �. �. �. �. �6 �1�0 �0

�2�0�5�8�D�i�t�t�o �d�i�t�t�o �o�f �t�h�e�m�o�s�t�c�o�m�p�l�e�t�e�f�o�r�m�,�w�i�t�h�a�c�h�r�o
�m�a�t�i�c�e�y�e�l�e�n�s�e�s�(û��g�.�2�0�5�8�)�. �. �. �. �. �. �7 �7 �0 �1�0�1�0 �0



�1�0�1�,�H�O�L�B�O�R�N�H�I�L�L�,�1�, �H�A�T�T�O�N�G�A�R�D�E�N�,�u�m�5�9�, �C�O�R�N�H�I�L�L�,�L�O�N�D�O�N�.�1�7�7

�2�0�7�0
�2�0�7�1
�2�0�7�2
�2�0�7�3
�2�0�7�4

� � 

�N�E�G�R�E�T�T�I�A�N�D�Z�A�M�B�R�A�'�S�A�C�H�R�O�M�A�T�I�C�S�T�E�R�E�O�S�C�O�P�E�S�.

�E�a�c�h�. �E�a�c�h�.
�£ �a�. �d�. �5 �a �d�.

�A�c�h�r�o�m�a�t�i�c�S�t�e�r�e�o�s�c�o�p�e�s�,�p�l�a�i�n�m�o�u�n�t�i�n�g �l �1�5 �0 �2 �0 �0
�D�i�t�t�o �d�i�t�t�o �o�r�n�a�m�e�n�t�a�l�w�o�o�d�o�r�l�e�a�t�h�e�r�. �. �2 �2 �0 �2 �1�0 �0
�D�i�t�t�o �d�i�t�t�o �p�l�a�i�n�m�o�u�n�t�i�n�g�,�a�n�d�s�t�a�n�d�. �. �. �8 �3 �V �0
�D�i�t�t�o �d�i�t�t�o �w�a�l�n�u�t�w�o�o�d�m�o�u�n�t�i�n�g �. �. �4 �4 �0
�D�i�t�t�o �d�i�t�t�o �o�r�n�a�m�e�n�t�a�l�w�o�o�d�o�r �l�e�a�t�h�e�r�m�o�u�n�t�i�n�g�,

�w�i�t�h�r�a�c�k�-�w�o�r�k�a�d�j�u�s�t�i�n�g�e�y�e�l�e�n�s�e�s�,�a�n�d�b�e�s�t�t�h�r�e�e
�d�r�a�w�s�t�a�n�d�(û��g�.�2�0�6�3�)�. �5 �5 �O

� � � 

� 

�P�A�T�E�N�T�R�E�V�O�L�V�I�N�G�O�R�.�M�A�G�A�Z�I�N�E

�S�T�E�R�E�O�S�C�O�P�E�S�.

�2�0�7�5�M�a�g�a�z�i�n�e�S�t�e�r�e�o�s�c�o�p�e�s�,�t�o �h�o�l�d�a�n�d

�e�x�h�i�b�i�t�t�w�e�n�t�y�-û��v�e�t�r�a�n�s�p�a�r�e�n�t�g�l�a�s�s�,

�o�r û��f�t�y�p�a�p�e�r�s�l�i�d�e�s�.
�£�4�4�8�. �£�8�8�.�9�.

�2�0�7�6�D�i�t�t�o �d�i�t�t�o �w�i�t�h�a�c�h�r�o�m�a�t�i�c

�l�e�n�s�e�s�(û��g�.�2�0�7�6�)�.

�£�5�5�s�. �£�1�0�1�0�!�.

�2�0�7�6�"�M�a�g�a�z�i�n�e�S�t�e�r�e�o�s�c�o�p�e�s�,�o�n�a�p�e�d�e�s�t�a�l�,

�t�o �h�o�l�d�1�0�0�o�r�2�0�0�s�l�i�d�e�s�,�t�o�o�r�d�e�r�.

�F�m�2�0�7�7�.� � 

� 

�2�0�7�7�W�h�e�a�t�s�t�o�n�e ��s�R�eû��e�c�t�i�n�g�S�t�a�r�e�o�s�c�o�p�e�s�,�f�o�r �l�a�r�g�e�p�h�o�t�o�g�r�a�p�h�s�(û��g�.�2�0�7�7�)�,

�£�2 �t�o �£�4 �4�8�.
�n

� 



�1�7�8 �S�C�I�E�N�T�I�F�I�C�I�N�S�T�R�U�M�E�N�T�S�M�A�N�U�F�A�C�T�U�R�E�D�B�Y�N�E�G�R�E�T�T�I�&�Z�A�M�B�R�A�.

�G�L�A�S�S�S�T�E�R�E�O�S�C�O�P�I�C�V�I�E�W�S�.

�2�0�7�8�G�l�a�s�s�S�t�e�r�e�o�s�c�o�p�i�c�V�i�e�w�s�,�b�y �F�e�r�r�i�e�r�,�C�l�o�u�z�a�r�d�,�F�r�i�t�h�,�a�n�d�N�e�g�r�e�t�t�i�a�n�d

�Z�a�m�b�r�a�,�o�f �t�h�e�f�o�l�l�o�w�i�n�g�p�l�a�c�e�s�,�p�r�i�c�e�7�/�6�a�n�d�6�1�6�e�a�c�h�: �

�P�a�r�i�s�a�n�d�i�t�s �E�n�v�i�r�o�n�s�.�W�u�r�t�e�m�b�e�r�g�. �M�a�y�e�n�c�e�.
�P�r�o�v�i�n�c�e�s�o�f �F�r�a�n�c�e�. �B�a�v�a�r�i�a�. �E�p�p�s�t�e�i�n�.
�E�n�g�l�a�n�d�. �A�u�s�t�r�i�a�. �W�i�e�s�b�a�d�e�n�.
�E�g�y�p�t�a�n�d�N�u�b�i�a�. �P�r�u�s�s�i�a�. �B�a�n�k�s�o�f�t�h�e�R�h�i�n�e�.

�H�o�l�y�L�a�n�d�. �T�y�r�o�l�. �S�a�x�o�n�S�w�i�t�z�e�r�l�a�n�d�,�&�c�.

�G�l�a�c�i�e�r�a�n�d�S�n�o�w�S�c�e�n�e�s�.�S�a�x�o�n�y�. �B�a�n�k�s�o�f�t�h�e�E�l�b�e�.
�R�u�s�s�i�a�. �S�t�u�t�t�g�a�r�t�. �S�p�a�i�n�.
�I�t�a�l�y�. �B�a�d�e�n�B�a�d�e�n�. �M�a�d�r�i�d�.

�B�e�l�g�i�u�m�. �H�e�i�d�e�l�b�e�r�g�. �S�e�g�o�v�i�a�.
�B�l�a�c�k�F�o�r�e�s�t�. �F�r�a�n�k�f�o�r�t�o�n�t�h�e�M�a�i�n�e�C�u�e�n�q�a�.
�S�w�i�t�z�e�r�l�a�n�d�. �S�c�h�w�i�t�z�i�n�g�e�n�P�a�r�k�. �C�o�r�d�o�v�a�.
�C�o�n�s�t�a�n�t�i�n�o�p�l�e�. �H�o�m�b�u�r�g�h�. �S�e�v�i�l�l�e�.
�A�t�h�e�n�s�. �M�a�n�n�h�e�i�m�. �G�r�a�n�a�d�a�.
�P�r�a�g�u�e�. �N�u�r�e�m�b�e�r�g�. �M�a�l�a�g�a�.
�P�y�r�e�n�e�e�s�. �R�a�t�i�s�b�o�n�n�e�. �R�o�n�d�a�.
�R�h�i�n�e�. �_ �W�u�r�t�z�b�u�r�g�h�. �A�l�g�i�e�r�s�.
�G�e�r�m�a�n�y�. �B�a�m�b�e�r�g�. �O�r�a�n�.

�C�R�Y�S�T�A�L�P�A�L�A�C�E�.

�2�0�7�9�N�e�g�r�e�t�t�i�a�n�d�.�Z�a�m�b�r�a�'�s�C�o�l�l�e�c�t�i�o�n�o�f �C�r�y�s�t�a�l�P�a�l�a�c�e�V�i�e�w�s�,�c�o�m�p�r�i�s�i�n�g
�a�l�l �t�h�e�m�o�s�t�i�n�t�e�r�e�s�t�i�n�g�v�i�e�w�s�o�f �t�h�e�b�u�i�l�d�i�n�g�a�n�d�v�a�r�i�o�u�s�c�o�u�r�t�s�,�s�t�a�t�u�a�r�y�,�&�c�.

�T�h�e�C�r�y�s�t�a�l�P�a�l�a�c�e�s�u�b�j�e�c�t�s�a�r�e�p�u�b�l�i�s�h�e�d�u�p�o�n�g�l�a�s�s�,�p�a�p�e�r�,�a�n�d�d�a�g�u�e�r�r�e�o�t�y�p�e

�p�l�a�t�e�,�w�i�t�h�d�e�s�c�r�i�p�t�i�v�e�l�e�t�t�e�r�-�p�r�e�s�s�o�n�t�h�e�b�a�c�k�i�n �E�n�g�l�i�s�h�a�n�d�F�r�e�n�c�h �
�£ �8�- �d�.

�G�l�a�s�s �. �. �. �0 �6 �6 �e�a�c�h�.
�D�a�g�u�e�r�r�e�o�t�y�p�e�. �. �. �0 �8 �0 �,�,
�P�a�p�e�r �. �. �. �. �. �. �0 �1 �6 �,�,
�D�i�t�t�o�,�c�o�l�o�u�r�e�d �. �. �. �. �0 �2 �0 �,�,

�P�A�P�E�R�S�T�E�R�E�O�S�C�O�P�I�C�V�I�E�W�S�.

�2�0�8�0�P�a�p�e�r�S�t�e�r�e�o�s�c�o�p�i�c�V�i�e�w�s�o�f �t�h�e�f�o�l�l�o�w�i�n�g�p�l�a�c�e�s ��P�r�i�c�e�1�/�, �1�/�6�, �2�]�, �2�1�6�.
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�2�1�1�6�A�l�c�o�h�o�l�m�e�t�e�r�,�F�i�e�l�d ��s�P�a�t�e�n�t�,�f�o�r�i�n�d�i�c�a�t�i�n�g�t�h�e�a�m�o�u�n�t

�o�f �a�l�c�o�h�o�l�i�n �a�n�y�s�a�m�p�l�e�o�f �b�e�e�r�,�s�p�e�c�iû��c�g�r�a�v�i�t�y�a�n�d
�p�o�u�n�d�s�p�e�r�b�a�r�r�e�l �. �. �. �. �. �. �5 �1�5 �6

�2�1�1�7�S�p�i�r�i�t �A�n�a�l�y�z�e�r�,�L�o�n�g ��s�P�a�t�e�n�t�,�f�o�r �a�s�c�e�r�t�a�i�n�i�n�g�t�h�e
�q�u�a�n�t�i�t�y�o�f �a�l�c�o�h�o�l�i�n �w�i�n�e�s�,�c�o�r�d�i�a�l�s�,�&�c�.�,�i�n �a�c�c�o�r�d�a�n�c�e
�w�i�t�h�T�r�e�a�s�u�r�y�O�r�d�e�r�o�f �J�u�l�y�1�2�,�1�8�5�3�,û��x�i�n�g�t�h�e�m�a�x�i
�m�u�m�o�f �s�p�i�r�i�t�i�n �w�i�n�e�a�t �3�3�p�e�r�c�e�n�t�.

�T�I�M�E�G�L�A�S�S�E�S�.
�F�i�l�l�e�d �F�i�l�l�e�d

�w�i�t�h�s�a�n�d�v�' �w�l�t�h�m�e�t�a�l�.

�2�1�1�3�L�o�g�G�l�a�s�s�e�s�,�i�n �s�t�r�o�n�g�w�o�o�d�f�r�a�m�e�s�,�1�4�s�e�c�o�n�d�s�,�p�e�r�d�o�z�. �0 �1�6 �0
�2�1�1�9�D�i�t�t�o �d�i�t�t�o �2�8�s�e�c�o�n�d�s�. �. �. �. �,�, �0 �1�6 �0
�2�1�2�0�D�i�t�t�o �d�i�t�t�o �l�4�a�n�d�2�8�s�e�c�o�n�d�s�,�b�r�a�s�s�f�r�a�m�e�s�,�, �1 �1�1 �6
�2�1�2�1�1�3�-�m�i�n�u�t�e�G�l�a�s�s�e�s�,�i�n �s�t�o�u�t�w�o�o�d�f�r�a�m�e�s�. �. �,�, �O�1�8 �0
�2�1�2�2�5�-�m�i�n�u�t�e�d�i�t�t�o �. �. �. �. �,�, �1 �0 �o
�2�1�2�3�H�a�l�f�-�H�o�u�r�G�l�a�s�s�e�s�. �. �. �. �~ �. �. �.�e�a�c�h�0 �1 �6 �o �2 �s
�2�1�2�4�l�-�H�O�I�I�I�d�i�t�t�o �. �. �O �l �9 �0 �3 �3
�2�1�2�5�2�-�H�0�u�r�d�i�t�t�o�. �. �. �. �. �. �. �. �o �s �6 �0 �s �6
�2�1�2�6�H�a�l�f�-�H�o�u�r�G�l�a�s�s�e�s�,�i�n �r�o�s�e�w�o�o�d�o�r�c�o�c�u�s�w�o�o�d�f�r�a�m�e �0 �5 �0 �0 �6 �6
�2�1�2�7�l�-�H�o�u�r�d�i�t�t�o �d�i�t�t�o �. �. �. �0 �6 �6 �0 �9 �6
�2�1�2�8�H�a�l�f�-�H�o�u�r�G�l�a�s�s�e�s�,�i�n �b�r�a�s�s�f�r�a�m�e�s �0 �6 �6 �0 �7 �6
�2�1�2�9�l�-�H�o�u�r�d�i�t�t�o �0 �1�0 �6 �0 �1�3 �0

�T�i�m�e�G�l�a�s�s�e�s�m�o�u�n�t�e�d�i�n �i�v�o�r�y�o�r�f�a�n�c�y�f�r�a�m�e�s�,�a�n�d�f�o�r�a�n�y�t�i�m�e�t�o �o�r�d�e�r�.

�2�1�3�0�A�s�t�r�o�n�o�m�i�c�a�l�C�l�o�c�k�s �. �. �. �. �. �. �.
�2�1�3�1�S�h�i�p�s ��B�o�a�r�d�o�f �T�r�a�d�e�R�e�g�u�l�a�t�i�o�n�S�t�a�r�b�o�a�r�d�a�n�d�P�o�r�t

�L�a�m�p�s�. �. �. �. �p�e�r�p�a�i�r �1 �1�0 �O �2 �0 �0
�2�1�3�2�D�i�t�t�o �d�i�t�t�o �m�a�s�t�-�h�e�a�d�a�n�d�a�n�c�h�o�r�. �. �e�a�c�h�0 �1�8 �0 �l �5 �0

�2�1�3�3�S�p�e�a�k�i�n�g�T�r�u�m�p�e�t�s�. �. �. �. �. �. �. �0 �5 �0 �0 �1�5 �0
�2�1�3�4�F�o�g�H�o�r�n �- �. �. �. �. �. �. �. �. �0 �8 �O �O�1�2 �0

�2�1�3�5�. ��A�d�m�i�r�a�l�t�y�a�n�d�O�fû��c�i�a�l�C�h�a�r�t�s�,�h�L�-�t�p�s�o�f�a�l�l �p�a�r�t�s�o�f �t�h�e�\�V�o�r�l�d�,�N�a�u�t�i�c�a�l
�A�l�m�a�n�a�c�k�s�,�A�d�m�i�r�a�l�t�y�S�a�i�l�i�n�g�D�i�r�e�c�t�i�o�n�s�,�L�o�g�B�o�o�k�s�,�C�a�r�g�o�B�o�o�k�s�,�J�o�u�r�n�a�l�s�,�a�n�d

�o�t�h�e�r�N�a�u�t�i�c�a�l�P�u�b�l�i�c�a�t�i�o�n�s�.



�1�8�2 �S�C�I�E�N�T�I�F�I�C�I�N�S�T�R�U�M�E�N�T�S�M�A�N�U�F�A�C�T�U�R�E�D�B�Y�N�E�G�R�E�T�T�I�&�Z�A�M�B�B�A�,

�I�N�D�E�X�.
� 

�A�c�e�t�o�n�i�e�t�e�r�,�2�5�7�.

�A�c�h�r�o�m�a�t�i�c�C�o�n�d�e�n�s�e�r�,�1�1�6�4�.
�,�, �L�e�n�s�e�s�,�p�h�o�t�o�g�r�a�p�h�i�c�,�1�8�2�1�t�o �1�8�2�8�.

�M�i�c�r�o�s�c�o�p�e�s�,�1�1�4�4�t�o �1�1�5�4�.

�O�b�j�e�c�t�L�e�n�s�e�s�f�o�r �M�i�c�r�o�s�c�o�p�e�s�,�p�a�g�e
�1�0�5�,�a�n�d�1�1�5�5�t�o �1�1�5�7�.

�,�, �S�t�e�r�e�o�s�c�o�p�c�s�,�2�0�7�0�.

�A�c�i�d�o�m�e�t�e�r�,�2�5�6�.

�A�c�o�u�s�t�i�c�I�n�s�t�r�u�m�e�n�t�s�,�p�a�g�e�1�5�3�.
�A�c�t�i�n�o�m�e�t�e�r�,�3�1�.

�A�d�a�p�t�e�r�s�,�3�0�0�t�o �3�0�5�.
�A�d�d�i�s�c�o�m�b�e�S�e�t�o�f �D�r�a�w�i�n�g�I�n�s�t�r�u�m�e�n�t�s�,�1�6�2�1�,

�1�6�2�2�.

�A�d�h�e�s�i�o�n�P�l�a�t�e�s�,�1�7�6�4�.

�A�d�m�i�r�a�l�t�y�C�h�a�r�t�s�,�2�1�3�5�.
�A�g�r�i�c�u�l�t�u�r�a�l�T�e�s�t�C�h�e�s�t�s�,�7�6�9�t�o �7�7�1
�A�i�r�J�a�r�s�,�3�0�6�t�o �3�1�7�.

�,�, �C�o�v�e�r�s�,�g�l�a�s�s�,�4�3�0�.

�,�, �T�u�b�e�s�,�3�0�8�.

�A�i�r�P�u�m�p�R�e�c�e�i�v�e�r�s�,�1�0�7�7�.
�' �A�i�r�P�u�m�p�s�,�d�o�u�b�l�e�b�a�r�r�e�l�,�1�0�2�9�t�o �1�0�3�6�.

�,�, �s�i�n�g�l�e�b�a�r�r�e�l�,�1�0�3�7�,�1�0�3�8�,�1�1�9�9�.

�A�l�c�o�h�o�l�m�e�t�e�r�,�F�i�e�l�d�'�s�P�a�t�e�n�t�,�2�1�1�6�.

�A�l�e�m�b�i�c�s�,�3�2�3�t�o �3�2�6�,�3�3�3�.
�A�l�k�a�l�i�m�e�t�e�r�s�,�3�1�8�t�o �3�2�1�.

�,�, �M�o�h�r ��s�,�2�1�1�4�.
�A�l�t�i�t�u�d�e�a�n�d�A�z�i�m�u�t�h�I�n�s�t�r�u�m�e�n�t�,�1�3�4�2�.

�A�l�t�i�t�u�d�e�,�Q�u�a�d�r�a�u�t�s�o�f�, �1�7�5�1�.

�A�m�a�l�g�a�m�a�t�e�d�Z�i�n�c�B�a�t�t�e�r�y�P�l�a�t�e�s�,�1�0�2�8�.
�A�m�a�l�g�a�m�,�e�l�e�c�t�r�i�c�a�l�,�8�7�7�.

�A�m�p�e�r�c ��s�A�p�p�a�r�a�t�u�s�,�9�8�5�,�9�8�6�.
�A�m�p�l�i�t�u�d�e�C�o�m�p�a�s�s�e�s�,�1�5�8�4�.
�A�n�a�l�y�s�i�s�o�f �S�o�i�l�s�,�&�c�.�,�a�p�p�a�r�a�t�u�s�f�o�r�, �7�8�2�.
�A�n�a�l�y�z�e�r�,�S�p�i�r�i�t�,�L�o�n�g�'�s�P�a�t�e�n�t�,�2�1�1�7�.

�A�n�c�h�o�r�L�a�m�p�s�,�2�1�3�2�.
�A�n�i�m�a�l�c�u�l�z�e�C�a�g�e�,�1�1�7�8�.

�,�, �T�u�b�e�s�,�1�1�9�2�w�1�1�9�3�.
�A�n�e�m�o�m�e�t�e�r�,�L�i�n�d ��s�,�2�0�.

�,�, �0�s�t�l�e�r�'�s�,�l�7�.
�,�, �R�o�b�i�n�s�o�n�'�s�,�1�9�.
�,�, �W�h�e�w�e�l�l�'�s�,�1�8�.

�A�n�g�l�e�s�,�f�o�r�d�r�a�w�i�n�g�,�1�7�2�7�.

� 

�M�,�h�~�,�~�.�»

�A�n�n�u�l�a�r�M�i�c�r�o�m�e�t�e�r�,�1�3�4�3�.

�A�n�o�r�t�h�o�s�c�o�p�e�,�W�h�e�a�t�s�t�o�n�e ��s�,�1�2�6�8�.
�A�n�v�i�l�s�,�M�i�n�e�r�a�l�o�g�i�c�a�l�,�5�8�7�.
�A�p�p�a�r�a�t�u�s�,�b�l�o�w�p�i�p�c�,�f�o�r�p�o�c�k�e�t�,�6�2�4�.

�,�, �C�a�v�e�n�d�i�s�h�'�s�,�5�B�5�.

�C�l�a�r�k ��s�,�5�8�0�.
�D�r�.�U�r�c�'�s�S�t�e�a�m�,�1�7�9�1�.

�D�r�.�W�o�l�l�a�s�t�o�n�'�s�S�t�e�a�m�,�1�7�9�2�.

�,�, �E�l�e�c�t�r�o�t�y�p�e�,�9�3�4�t�o�9�6�2�.

�,�, �k�c�,�f�o�r�m�i�c�r�o�s�c�o�p�e�s�,�1�1�5�8�t�o �1�2�0�4�.

�,�, �F�a�r�r�s�d�a�y ��s�,�f�o�r�d�e�c�o�m�p�o�s�i�t�i�o�n�,�9�1�3�.
�f�o�r�d�e�t�e�r�m�i�n�i�n�g�h�e�i�g�h�t�s�,�3�0�.
�f�o�r�d�e�t�e�r�m�i�n�i�n�g�t�h�e�c�e�n�t�r�e�o�f�g�r�a�v�i�t�y�,

�1�7�6�8�.
�,�, �f�o�r�d�i�s�s�o�l�v�i�n�g�v�i�e�w�s�,�1�4�3�0�t�o �1�4�3�5�.

�f�o�r�e�x�h�i�b�i�t�i�n�g�r�o�t�a�t�i�n�g�w�i�r�e�,�9�9�5�.
�f�o�r�e�x�p�e�r�i�m�e�n�t�s�o�n�c�e�n�t�r�e�o�f �g�r�a�v�i�t�y�,

�1�7�6�9�.

�,�, �f�o�r �e�x�p�l�a�i�n�i�n�g�m�e�c�h�a�n�i�c�a�l�p�o�w�e�r�s�,
�1�7�5�7�.

�,�, �f�o�rû��l�t�e�r�i�n�g�c�a�u�s�t�i�c�p�o�t�a�s�h�,�5�8�1�.
�,�, �f�o�r�i�l�l�u�s�t�r�a�t�i�n�g�c�o�m�p�o�s�i�t�i�o�n�o�f �w�a�t�e�r�,

�5�8�6�.

�,�, �f�o�r�i�l�l�u�s�t�r�a�t�i�n�g�d�e�c�o�m�p�o�s�i�t�i�o�n�o�f�w�a�t�e�r�,
�9�0�8�t�o �9�1�2�.

�,�, �f�o�r�i�l�l�u�s�t�r�a�t�i�n�g�r�e�c�o�m�p�o�s�i�t�i�o�n�o�f�w�a�t�e�r�,
�5�8�5�.

�,�, �f�o�r�i�l�l�u�s�t�r�a�t�i�n�g�l�a�w�s�o�f�f�a�l�l�i�n�g�b�o�d�i�e�s�,
�1�7�7�4�t�o �1�7�7�6�.

�,�, �f�o�r�i�l�l�u�s�t�r�a�t�i�n�g�l�a�w�s�o�f�s�p�o�u�t�i�n�gû��u�i�d�s�,
�1�0�9�7�,�1�0�9�9�.

�,�, �f�o�r�i�l�l�u�s�t�r�a�t�i�n�g�p�a�r�a�l�l�e�l�o�g�r�a�m�o�f�f�o�r�c�e�s�,
�1�7�7�1�.

�,�, �f�o�r�i�l�l�u�s�t�r�a�t�i�n�g�p�r�o�p�e�r�t�i�e�s�o�f�a�i�r�, �1�0�8�0�.
�,�, �f�o�r �i�l�l�u�s�t�r�a�t�i�n�g�t�h�e�c�e�n�t�r�e�o�f �b�u�o�y

�a�n�c�y�,�8�2�0�.�,�i�n �s�h�i�p�-�b�u�i�l�d�i�n�g�,�1�0�9�8�.
�,�, �f�o�r�m�a�k�i�n�g�g�o�l�d�s�i�z�e�c�e�l�l�s�, �1�2�0�1�.

�f�o�r�m�a�k�i�n�g�h�y�d�r�o�g�e�n�g�a�s�,�8�6�0�.
�,�, �f�o�r �n�e�g�a�t�i�v�e�a�n�d�p�o�s�i�t�i�v�e�c�o�l�l�o�d�i�o�n

�p�r�o�c�e�s�s�,�2�0�2�9�t�o �2�0�3�1�.

�,�, �f�o�r �p�a�p�e�r�a�n�d�c�o�l�l�o�d�i�o�n�p�r�o�c�e�s�s�e�s�,
�2�0�3�6�,�2�0�3�6�.
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Apparatus for paper process only, 2037, 2038.

,, for showing diminished bulk, 683.

for showing electric light in vacuo,

907.

for showing magnetic curves, 1453.

for showing philosophical candle, 584.

for showing the impenetrability of

matter, 1766.

,, forstereoscopic pictures, 2032 to 2034.

,, for submarine explosions, 917.

for weighing air, 1051.

hydro-pneumatic, 772.

Leslie's, for freezing water, 1079.

,, Marcct's steam, 1790.

,, Oersted's, 965, 966.

,, patent glass blowers’, 618, 619.

,, photographic, complete sets of, for

positive collodion process, 2027,

2028. .

soda water or gazogene, 2099.

theme-electric, 1014 to 1016.

to explain intermitting springs, 1091.

to illustrate curve of quickest descent,

1777. -

,, to illustrate equilibrium of forces,

1781.

,, to illustrate laws of collision, 1779.

,, to illustrate laws of composition of

force, 1780.

,, to illustrate parabolic curve of pro

jectiles, 1778.

Archimede’s Screw, or Water Snail, 1095.

A{chitects’ Scales, 1682 to 1685.

Argand Lamp, microscopic, 1168, 1169.

,, Spirit Lamp, 588.

_ Argentometer, 1897.

Armstrong’s Hydro-Electric Machine, 801.

Arsenic Apparatus, Marsh’s, 579.

,, Tubs Funnel, 332.

,, Tubes, 327 to 331.

Artificial Horizons, 1561, 1662.

Aspirator, Brunner's, 674, 638.

Astatic Noodles, 976.

Astronomical Clocks, 2130.

,, Slides, 1389, 14011.0 1403.

,, ,, rack-work, 1404 to 1406.

,, Telescopes, 1333 to 1338.

Attwood's Machine, 1772, 1773.

Azimuth Compasses, 1690.

uww‘

‘9.“

Bacbofl'ncr's Eloetrcpitcr, 999.

 
Balance and Cork Experiment, 1076.

Balances, 589 to 692.

,, Assay, 694'.

,, Chemical, 593, 694.

i Balloons, 597, 598, 1083.

Balloons of Glass, 1102.

Balls, Electrical, Brass, &c., 875, 880.

Bar Compound, for expansion, 595.

Barker's Mill, model of, 1094.

Barktromster, 268.

Barlow's Rotating Star, 993.

,, Double ditto, 994.

Bar Magnets, 1009.

Barometers, Aneroid, 83 to 86.

,, Bourdon's Metallic, 87, 88.

Dial or Wheel, 60 moo.

Fisherman’s, 70.

Marine, ordinary, 76 to 77.

ditto, Negretti and Zambra's Board

of Trade Standard, 79.

ditto with Sympiesometer, 78.

Mountain, 74.

ditto, Gay Lussac's, 3, 72, 73.

ditto, Negretti 6c Zambra’s Standard,

2, 71.

,, Pediment or Upright, 60 to 69.

,, Standard, 1.

,, Stands for, 89.

Barrel, stoneware, for water, 1904.

Bars of Antimony, &c., for testing, 596.

Basins, Eveporating, 334 to 337.

Bath, Hot Air, 653.

,, Water, 537.

Baths, Exciting or Nitrate of Silver, 1867.

Battery Cells, 918 to 923.

,, Plates, amalgamated zinc, 926. ,

Batteries, Bunsen's carbon, 901, 902.

Callan's cast iron, 903, 904.

---. 0“
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,, Danicll’s, 889, 890.

,, electrical, 803.

,, galvanic, Cruikshallk‘s, 885, 886.

,, ,, Floating, De la Rivc’s,

987.

,, ,, Grove’s, 897 to 899.

,, ,, Grove's gas, 900.

,, ,, Maynooth, 904.

,, ,, , Smee's, 891 to 896.

,, ,, \Vollnston's, 887.

Beads, Specific Gravity, 273 to 275.

Beaker Glasses, 356.

,, Tumblers, 367.
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Beam Compasses, 1661, 1662.

,, ,, fittings, 1664, 1665.

,, ,, Tube, 1663.

Beaume's Hydrometer (sec Hydrometcrs).

Beetle Microscopes, 1226.

Bell Experiment for Air Pump, 1060, 1061.

Bellows, 625.

,, Hydrostatic, 1086.

Bells, Electrical, 846 to 849.

Berlin Porcelain, 333 to 355.

Berzclius’ Sulphuretted Hydrogen Apparatus,

578*

Binding Screws, 948.

Binks’ Alkalimetcr, 318.

Binnacles, 1594.

Binocular Deer Stalking Glass, 1127.

,, Telescopes, Ncgrctti & Zambra’s, 1376

Bird’s, Dr. Golden, Inverser, 998.

Black Mirrors, for artists, 1246.

Bladder Ferrules, 642.

,, Frame and Weights, 1066.

,, Glasses, 1058.

Bladders, 600 to 602.

Blow-pipe apparatus, pocket, 624.

,, forceps, brass, &c., 621, 622.

,, Hemming’s Safety Cry-hydrogen,

609.

,, jets, platinum, 620.

,, oxy-hydrogen, 610.

,, Rose’s or Russian spirit, 613, 614.

,, self-acting spirit, 611.

,, spoons, 623.

,, Tilley's Water Pressure, 615.

,, various, 603 to 608.

,, minerals, in boxes, 626.

Board of Trade Hydrometer (see Hydrometers).

Boat Compasses, 1576.

Boiling Point Apparatus, 30.

Book Stereoscope, 2049.

Botanic Microscopes, 1136.

Bottles, Berzclius' Washing, 539, 540.

,, Collodion, 1918.

,, Cubic Inch, 389.

,, Dropping, 395.

,, Gmelin's “’ashing, 641, 542.

,. gutta perchn, 687.

,. Specific Gravity, 499 to 502.

Stoppered, &c., 358 to 370, 1892.

Syphon Washing, 543, 644.

Tube, 371, 372.

\Vashing, 373, 374.|

vu‘u

 
Bottles, Water, 538, 2090.

,, Woulfl'e's, 547.

yellow glass, for photographic chemi~

cals, 1893.

Bottling Machine for Soda Water Engines,

2098.

Boxes, Dark, Negrctti and Zambra’s improved,

1842.

,, for plates, 1921 to 1923.

,, stained wood, for photographic appa

ratus, 1926 to 1927.

,, Stereoscopic, 2085.

Bow Pencils, 1637.

,, Pens, 1634.

,, Pens, double-jointed, 1646.

Brass Balls and Wires for Leyden Jars, 875.

,, Chain, 878.

,, Protractors, 1714 to 1718.

Breaking Squares, 1062.

Brooches, gold and plated, 1980, 1981.

Brunner's Aspirator. 574.

Brushes for electrotype, 958, 959.

,, photographic, 1911 to 1913.

,-, ,, Buckle‘s, 1914.

,, test tube and bottle, 628, 629.

Bucket and Syphon, Electrical, 841.

Bufl's, Polishing, 1905, 1906.

Bulb Tube, 572.

Bulbs, Turpentine, 573.

Bunsen’s Gas Furnace, 2115.

Burettcs, 2113.

Burning Glasses, 1247.

17

Cabinets, Geological, 2103 to 2104.

,, of Minerals, 2101, 2102.

,, of Shells, 2106.

,, Stereoscopic, 2087.

Calcining Pets, 384.

Callipers, Proportional, 1672, 1673.

Camel's Hair Brushes, 1911.

Cameras, Copying, 1831*.

,, for mice-photographs, 1832'.

Microscopic copying, 1832.

Lucida, for microscopes, 1186, 1187.

,, Lucida, Wollaston's, 1260.

Stand for, 1261.
7! ’1 ,7

,, Obscura, 1262 to 1264.

,, Photographic, shifting body, 1829.

,, ,, improved hifting body,

1830.

,, ,, Foldingand Sliding, 1833.
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Cameras, Portrait Room, 1831.

,, Stereoscopic, 1834, 1835.

Camera Slides or Dark Backs, 1836 to 1840.

,, Stands, 1847 to 1855.

Cannon, Electrical, 858.

,, Galvanic, 916.

Caoutchoue Connectors, 631.

,, Gas Bags, 630, 1448.

in sheets, 632.

Varnish, 634.

Vulcanised Tube, 633, 2091.

,, Water Bags, 2090.

Capstan, model of, 1786.

Capsules, Berlin porcelain, 337 to 339.

,, evaporating, platinum, 662.

glass, 375.

,, platinum, 8110., 635.

Captain's Night Glasses, 1130 to 1135.

Carbon Points, for electric light, 927, 928.

Carbon Galvanic Battery, Bunsen’s, 901, 902.

Card Mounts for stereo pictures, 1974.

Cartesian Divers, 1102.

Cartier’s Hydrometer, 21 11.

Cast Iron Galvanic Battery, 903, 904.

Casts of Rare Fossils, 2105.

Cataract Spectacles, 1300.

Cavallo’s Pith Ball Electroscope, 812.

Cavendish’s Apparatus, 585.

Cells, Battery, glass, 922, 955.

Centre Pieces, horn, 1735.

Centrifugal Pump, model of, 1092.

,, Appold's ,, 1093.

Centrilinead, 1676.

Chadburn's Pressure Gauge, 2108.

Chain, platinum and silver, for galvanic experi

ments, 915.

Chain Scales, 1686 to 1691.

Chains, Surveying, 1526.

Charts, Admiralty and official, 2135.

Chaufl‘ers, 636.

Chemical Cabinets, 760 to 768.

,, Labels, 637.

Chemicals, Photographic, 1983 to 2026.

Chemical Weights, 655, 656.

Chinese Fireworks, 1422.

Chloride of Calcium Tube, 551 to 553.

Chromotropes, 1423, 1424.

Circular Glass Plates, for machines, 867.

Circumferentor, 1510, 1511.

Clark's Gas Bottle, 415. p

,, Retort and Receiver, 476.

‘1‘. -~.

 

Claude Lorraine Glasses, 1253.

Clip-nose Spectacles, 1313 to 1320.

Clocks, Astronomical, 2130.

Clockwork motion for Lime Holder, 1454.

Clouds, Stereoscopic Views of, 2083*.

Clynometer, 1719.

Coddington’s Lenses, 1239 to 1241.

Coil Machines, for medical galvanism', 1017 to

1023.

Coils, Callan’s Primary and Secondary, 977.

,, Ruhmkorfl‘s Induction, 978 to 980.

Collodion Bottles, 1918, 1919.

Colours, in boxes, 1739.

,, Photographic, 1911, 1931 to 1935.

Colour Tops, 1254.

Combustion of Charcoal by Electricity, Stand

for, 905, 906.

Combustion Furnace, 550.

,, Tube, 548, 549.

Comic Slides for magic lantern, 1388, 1397

to 1400.

,, ,, shifling, 1419.

Compass, Amplitude 1584 to 1585.

,, Azimuth, 1590 to 1593.

Boat, 1576, 1577.

fitted'to telescope, 1385.

Geological, 2092, 2093.

Hanging or Cabin, 1586 to 1589.

Mariners’ pocket, 1566 to 1575.

Miners', 1512, 1513.

' Needles, 963.

Prismatic, 1519 to 1524.

,, improved, 1525.

Steering, 1597.

,, Storm, 1580 to 1583.

Compasses, Beam, plain, 1661, 1662.

,, Drawing, triangular, 1655, 1656.

Elliptical, 1657.

Napier’s Pocket, 1666.

Pillar, 1667 to 1669.

Proportional, 1658, 1659.

Tube, 1670, 1671.

Tube Beam, 1663.

,, Whole-and-half, 1660.

Composition Frames, 1975.

Compound Electro Magnetic Apparatus, 1005.

,, Magnets, 1011.

,, Microscopw, 1137 to 1143.

Compressorium, 1179.

Concave and Convex Mirrors, 1243.

Concave Lenses, for engravings, 1256.
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Condensing Syringe, 1042.

Condenser, achromatic, 1164.

,, electrical, 817, 818.

,, for microscopes, 1160 to 1162.

,, Liebog’s, ass.

,, parabolic, 1163.

,, pocket, 1049.

Conductor, Luminous, 839.

,, for electrical machines, 868, 869.

Connecting Ferrules, 642.

,, Pieces, 641.

Cooper's Receiver, 385, 386.

Copper Bottle with Balance, for weighing uir.

1051.

Copper Wire, covered, 1006 to 1008.

Copying or Pressure Frames, 1860, 1861.

Cork Borers, 647 to 649.

Cosmoramio Glasses, 1258.

,, Stereoscopes, 2047.

Crayon Holders, 1737.

Cross of Metal, for experiments on conduction

of heat, 640.

Cross Sight, surveyors’, 1514 to 1517.

Crueibles, Berlin porcelain, 340 to 342

,, cases and covers, 379.

,, Hessian, 376, 377.

,, jacket, 644.

,, London fire—clay, 378.

platinum, &c., 643.

round, 383.

skittle shaped, 382.

Stands and Supports, 645.

tongs, 646.

Wedgwood, 380.

Cruikshank's Galvanic Batteries, 886, 886.

Cryophorous, Wollaston's, 387.

Crystals, Polarizing, various plates of, 1481,

1482. '

Cubic Inch Bottles, 389.

,, Measures, 442.

,, Tubes, 388.

Cufl's Scale of chemical equivalents, 650.

Cup Reflector, or Heberkuhn, 1105.

Current Meters, 1111.

Curves, Ship, 1728.

,, Radii, 1729.

Cuthbertson's Self-acting Balance Dischargcr,

811.

Cutting Diamonds, 1197.

Cylindrical Lenses, 1259.

,, Mirrors, 1244.

-»~;..
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Cylinders, Electrical, for machines, 866.

,, of lime, 1447.

Daguerreoty'pe Apparatus, page 172.

Damp Detector, 202. .

Daniell’s Galvanic Batteries, 889, 890.

,, Hygrometer, 29.

Dark Box, Negretti and Zambra’s Improved,

1842 to 1846.

Dark Lanterns, 1895.

Dark Slides or Backs for Cameras, 1836 to 1840.

Dark Wells or Stops, for microscopes, 1167.

Davy’s Safety Lamp for minors, 694.

Day and Night Telescopes, 1363 to 1366.

Deck Telescopes, 1372.

Decomposition of Water, apparatus for, 908

to 912.

Deer Stalking Glasses, 1382.

,. Binocular, 1127.

Deflagrnting Jars (see Gas Jars and Receivers),

and 419.

,, Spoon, 651, 652.

Deflecting Needles, 965.

De la Rive's Floating Battery, 987.
Dessicating Jars, 396. i

,, Tubes, 397 w 399.

Developing Glasses, 1920.

Devices, Electrical, on glass, 822 to 826.

Diagonal Print Machines, 1257.

Diagram illustrating Astronomy, Geography,

Geology, &c., 1766.

,, of various Steam Engines and Ma

chines, 1813.

Dials, Sun, 1599.

Diamond Jars, Electrical, 826.

Diamonds, writing and cutting, 667, 1196, 1197.

Dippers, glass and gutta perchu, 1869, 1870.

Dipping Needles, 964.

Directors for Medical Galvanic Apparatus, 1024,

1025.

,, Medical, 808.

Discharger, Cuthbertson's Steelyard, 811.

,, Electrical, 806, 807.

., Henlcy’s Universal, 809.

Dishes, Evaporating, 391 w 393, 658 to 661.

,, Glass Exciting, 1878.

,, Porcelain Washing, 1876, 1877.

Sulphuric Acid, 352.

,, (see Berlin were).

Dissecting Forceps, 1170.

,, Instruments, cases of, 1176.
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Dissecting Knives, 1174.

,, Needles, 1172.

19 Scissorfl, 1173.

Dissolving View Apparatus, 1430.

,, with Oxy-calcium Light, 1431, 1432.

,, with Oily-hydrogen Light, 1433 to

1435.

Dividers, 1626 to 1630.

,, Hair, 1631.

Dividers, Pocket, 1633.

,, Spring, 1632.

,, Steel Spring Bow, 1642.

,, with pen and pencil joints, 1627 to

1629.

Dividing Engine, page 72.

Diving Bell, model of, 1106.

Dobereiner's Extracting Apparatus, 582.

Donovan’s Apparatus, 581.

Dotting Pena, 1651.

Double Combination Achromatic Portrait Lenses,

1822.

Double Cone and Inclined Plane, 1770.

Drainage Levels, 1497.

Drainers for Crystals, Berlin porcelain, 343,

344.

Draughtsman's Camera Obscura, 1264.

Drawing Boards, 1740.

,, Instruments, Sets of, 1607 to 1625.

,, ,, School lots of, 1611.

,, Pencils for Instruments, 1738.

,, Pens, 1646.

,, Pins, 1736.

Dropping Bottles, 395.

,, Tubes, 394, 452, 1890.

Drying Apparatus, 653, 654.

Duchessé Opera Glasses, 1121.

Dumas's Gas Tubes, 427.

Dumpy Levels, 1501 to 1503.

Dupui's Measurer, 2094.

Elastic Water Bottles, 2090.

Electrepiter, 997.

,, Bachofl'ner’s, 999

Electrical Amalgam, 877.

' ,, Apparatus for igniting gunpowder,

857.

,, Batteries, 803.

,, Bells, 847 to 849.

,, Bird, 824.

,, Bomb or Mortar, 862, 916.

Brass Balls, 875.

 

Electrical Bucket and Syphon, 841.

., Cannon, 858, 861, 916.

,, Condenser, 817, 818.

,, Conductors, 888, 869.

,, Cylinders of glass, for machines, 866.

,, Dancing Figures, 830.

,, Diamond Jars, 826.

11 Egg Stand, 827.

,, Falling Star, 840.

,, Flask, 838.

,, Fly or Wheel, 850, 851.

Gamut of Bells, 846.

,, Glass Handles, 871.

,, Glass Legs and Rods, 872. 373.

,, Glass Tubes and Cylinders for excita

tion, 865.

,, Gutta Percha ditto, 374.

,, Hand Spiral, 842.

,, Head of Hair, 884.

,, Image Plates, 828, 829.

,, Luminous Conductors, 839.

,, Machines, Cylinder, 783 to 789.

complete with apparatus,

798, 799.

,, Machines, Plate, 790 to 795.

,, ,, Woodward's, 796, 797.

,, Machine, Armstrong’s, 801.

,, Magic Picture, 821.

Y,

1,

7’ 7’

Mill, 853

Names or Words, 822.

,, Orrcry or Planitarium, 852.

,, Painted Glass Plane, 825.

Plates of glass, for machines, 867.

Plumes, glass and paper, 837.

,, Powder House, 856.

Pistol, 859.

Revolving Spirals, 843 to 845.

Shellac Cylinders, for excitation, 864.

,, Spider, 836.

,, Sportsman, 863.

,, Star, 823. ‘

,, Swan, 835.

,, Thunder Cloud Apparatus, 854.

,, Thunder House, 855.

Electric Light, Apparatus for, 907.

,, ,, Carbon Point: for, 927, 928.

Electro-Galvanic Coil Machines, 1017 to 1023.

Electro-Gilding Apparatus, single cell, 942.

,, ,. Battery process, 943 to 946.

Electro-Magnetic Apparatus, Compound, 1005.

Sets of, 1013.
D 1’
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Electro-Magnctic Motive Engines, 1000 . to

1002.

Electro-Magnetic Telegraph, 1003.

,, ,, Signal Bell, 1004.

Electra-Magnets, 967 to 969.

Electro-Thermometcr, Harris’s, 2096.

Electrometer, for atmospheric electricity, 25.

,, Haris’s Balance Beam, 815.

,, Henley's Quadrant, 813.

Electrophorus, Volta‘s, 800.

Electroscope, Bennett’s Gold Leaf, 812.

,, Cavallo's Pith Ball, 814.

,, Sanssure’s, 816.

Electrotypc Apparatus, Single Cell, 934 to 937.

,, Battery process, 938 to 941.

,, Materials, 947 to 962.

Elipsographs, 1677.

Elliptical Drawing Compasses, 1657.

Empress Opera Glasses, 1121.

Engineers' Rule, 1731.

,, Sets of Drawing Instruments, 1625.

Engravers’ Magnifiers, 1231.

Ettling‘s Gas Transferrcrs, 401.

Eudiometers, 402, 403.

Evaporating Capsules, platinum, 682.

,, Dishes (see Dishes and Basins).

,, Dish or Guage, 24.

Everest's Theodolitc, 1495, 1496.

Exciting or Nitrate of Silver Baths, 1867, 1868.

Exhausting Syringe, 575, 1041.

Extracting Apparatus, Dobereinsr’s, 582.

Eye Glasses, 1321 to 1326.

Eye, model of, 2089.

Eye Piece, Polarizing, 1469.

Eye Pieces for microscopes, 1158.

,, ,, Erecting, 1159.

Eye Protectors, 1295 to 1298.

Eye Tubes, Pancratie, 1384.

Falling Star apparatus, 840.

Farraday’s apparatus for decompositions, 913.

,, Rotating Wire, 989.

,, with Marsh’s experiment, 990.

Ferrules, 642. ,

Field Glasses, 1128, 1129.

Field‘s Patent Alcoholmeter, 2116._

Files, 663, 664.

Filter Boxes, 670.

,, Paper, 666, 668, 669, 1956.

,, ,, Circles, G67.

Filtering Cup, 1052.

 
Filters, stoneware, 1903.

Fine Ground Glass for Focus Frames, 1930.

Fishing Tubes, 1193'.

Fish, Magnetic, 984.

Fixing Stands, 1871.

Flasks, 404 to 408.

,, Electrical, 838.

,, mounted with stopcock, 1081.

,, Tube, 531.

Flat Brass Plate and Sliding Wire, 1048.

Flexible Tube, 665.

Flint Glass Tubing, 432.

Florentine Receiver, 497.

Flower Microscopes, 1223.

Fly, Electrical, 850, 851.

Focussing Glasses, 1908.

Fog Horn, 2134.

Folding Cameras, 1833.

Folding or Book Stereoscope, 2049.

Forceps, Blowpipe, 621.

,, horn, 1910.

,, microscopic, 1170, 1171.

., platinum, 707.

Force Pump, model of, 1073.

Forge, portable, 678.

Fossils, casts of, 2105.

Foucault's Gyroscope, 1767, 1767‘.

,, Reflecting Telescope, 1351.

Fountain, Artificial, 1087.

,, Glasses, 1057, 1084.

,, in Vacuo, 1056.

,, Jets, 1088.

Frames, Copying or Pressure, 1860.

,, for Photographic Pictures, 1962.

,, gutta percha and composition, 1973.

,, papier maché, 1975.

,, Plate, for cameras, 1841.

French Photographic Lenses, 1828.

Friend’s Patent Log, 1597.

,, Sounding Machine, 1598.

Fritzeh's Apparatus for alkalis, 576.

Frog Plate, 1180.

Fruit Stand, 1053.

Frye's Lactometer, 2088.

Funnels, for Gas Bottles, 410.

,, for Retorts, 411.

,, Glass, 409, 1888.

,, gutta percha. 671.

,, Handle, 413.

., metal. 672

,, Safety, 489 to 494.
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Funnels, Separating, 496.

,, Stopper, 414.

,, Wedgwood ware, 412.

Furnace, gas, or burners, 683.

,, various, 673 to 676.

Galvanic Apparatus, complete sets of, 930, 931.

,, Batteries, 881 to 904.

Galvanomctcr, 973 to 976.

Gamut of Bells, on stand, 846.

,, with Ritchie's experiment, 972.

Garden Camera Obscura, 1264.

Gardners’ Microscopes, 1224.

Gas Absorber, Liebig’s, 428.

,, Apparatus, 1450, 1451. '

,, Bags, for oxy-hydrogen apparatus,

1448.

,, caoutchouc, 630.

Blowpipe, 684.

Bottle, 410.

Bottle, Clark’s, 415.

Bottle with Washing Vessel, 418.

Furnace, Bunsen’s, 2116.

Furnace or Burner, 683.

Holder, Pepy’s, 708.

Jars, 309 to 315.

Receivers, 419.

Receivers, mounted, 420, 422.

Transferrers, Ettling’s, 401.

Tube, Dumas’s, 427.

,, ,, Kerr’s, 429.

Gauge Brass, for experiments on expansion,

. 685.

,, Evaporating, 24.

Gas Inspectors’, 226.

,, Gas Pressure, 225 m 226.

Hydraulic Pressure, 216.

Rain, 227 to 231.

Steam, 209 to 219.

,, ,, Chadburn’s, 2109.

,, Thermometric Pressure, 213.

,, Tubes, 2109.

,, Vacuum, 220 to 224.

Vacuum, for air pump, 1047.

,, Water, for boilers, 212.

Game Wire, 759.

Gay Lussac's Alkalimeter, 320.

Gazogene or Soda Water Apparatus, 2099.

Geological Cabinets, 2103, 2104.

,, Compass, 2092, 2093.

Slidel,'f0r lantern, 1408.
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Geometrical Solids and Planes, 1788.

German Glass Combustion Tubing, 433.

,, Tubing, 431.

German Photographic Lenses, 1825.

German Silver Drawing Instruments, 1620.

Gilt Mats, 1963.

,, German, 1964.

Glass and Gutta Percha Dippers, 1869, 1870.

,, Battery Cells, 922.

,, Blowers’ Lamp, 616.

,, ,, Table, 617 to 619.

Glass Cells, mounted, for electro-gilding, 955.

,, Exciting Baths, 1867.

,, Slabs, 1884.

Figures, or Cartesian Divers, 1102.

,, Flask and Stopcock, 1081.

‘ Funnels, 1sss.

Greyed or Ground, 1930.

. ,, Inhalers, 435.

,, Legs and Handles, Electrical, 871,

' 872.

,, Microscopic, thin, 1189, 1190.

Models, for teaching geometry and

crystallography, 1787, 1789.

,, Percolator, 469.

,, Plates, ground, for air jars, 430.

,, Plates, Photographic, page 167.

,, Platesto illustrate capillary attraction,

1101.

Rings and Cells, for microscopic

mountings, 1194.

Rod, 434, 1889.

Rod for electrical apparatus, 873.

Slides, for microscopes, 1188.

Spirit Lamps, 503.

Stage Plates, 1191.

Stop Cocks, 512, 613.

Syphcns, 514 to 619.

Syringes, 52o.

Tinted, 1929.

Trough, for holding microscopic

objects, 1177.

Glasses, Bladder, 1068.

,, for Focussing, 1908.

,, for quadrants and sextants,. 1563 to

1565.

,, Fountain, 1057.}

,, Hand, for air pump, 1059.

,, Hand or Folders, 1302.

,, Parting, 461.

,, Phillips', 461.

o
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Glasses, Pouring, 1920.

,, Preeipitating, 460.

,, Reading, 1329.

,, Tut, 524 to 529.

Globes, Chair-high, 1746 to 1748.

,, . Covers for, 1750.

,, Pedestal, 1743.

,, Pocket, 1742.

,, Quadrantl of Altitude for, 1761.

,, School, 1749.

., Table, 1744, 1745.

Globular Receiver, 423.

Gmelin’s Washing Bottle, 541.

Gold Leaf Electroscope, Bennett's, 812.

Goniometer, \Vollaston's, 1267, 1719‘.

Gorharn‘s Kaleidoscopic Colour Top, 1254'.

Graduated Air Jars, 316.

,, Gas Tubes, 426.

,, Measures, 439 to 441, 1885 to 1887.

Gravatt’s Level, 1501, 1503.

Gravimeter, Nicholson’s, 278.

Grove's Galvanic Battery, 897 to 899.

,, Gas Battery, 900.

Guinea and Feather Apparatus, 1068, 1069.

,, ,, glass for, 1070.

Gunner’s Rules, 1710.

'Gunter‘s Measuring Chain, 1526.~

,, Scales, 1703 to 1705.

Gutta Percha Battery Cells, 923.

,, Bottles, 687.

,, Exciting Baths, 1868.

,, Frames, for Passe Partout, 1973.

Gyroscope, 1767.

Hair Dividers, 1631.

Hammers, Mineralogical, 688.

,, Water, 536, 1082.

Hand Folding Spectacles, 1302.

Hand Glasses for air pump, 1059.

Handles, Electrical glass, 871.

Hanging or Cabin Compasses, 1586.

Harris’s Balance Beam Elech'omcter, 815.

,, Electro-Thermometer, 2096.

Head of Hair, Electrical, 834.

Head Rests, 1856 to 1859.

Hemispheres, Madgeburgh, 1064.

Hcmming’s Blowpipe, Safety, 609.

Henley’s Quadrant Electrometer, 813.

,, Univaual Discharger, 809, 810.

Historical Slides for Magic Lanterns, 1409,1410.

Horizons, Artificial, 1561.

 

Horn Centres, 1735.

,, Forceps, 1910.

Horseth Magnets, 1010.

,, compound, 1011.

Horsford's Nitrogen Apparatus, 566.

Hot Air Bath, 653, 756.

Hour and Half-Hour Glasses, 2123 to 2129.

Human Eye, model of, 2089.

Hutchinson's Spirometer, 1818, 1818*.

Hydraulic Pressure Gauge, Schaefl'or’s, 215.

Hydrogen Balloons, 597, 598.

,, Gas Apparatus, 1450.

Hydrogen, Lamps, for instantaneous light, 697.

Hydrometers, Aquarium, 269.

Bcaumc's, 234, 285.

Board of Trade, 250.

Cartier's, 2111.

,, combined with Saccharometer, 265.

,, for lemon juice or citric said, 2112.

,, for soap, 254.

,, for soap ley, 255.

,, for syrups, 253.

,, for wine, 252.

,, Negretti and Zambra's, with thermo

meter, 264.

Photographic, 270.

Scheefer‘s, 236.

,, small glass, 244.

,, Specific Gravity, 232, 233.

,, Sykes’s, brass, 240 to 243.

,, _ Sykes’s, glass, 237 to 239.

,, Tables, 241.

,, Test Jars, 271. ,

,, Twaddell's, 246 to 249.

,, Universal, 251.

Hydro-oxygen Gas Microscope, 1440 to 1443.

Hydro-Pneumatic Apparatus, 772.

Hydrostatic Bellows, 1086.

,, Paradox, 1085.

,, Press, Bramah’s, model of, 1103 to

1105.

Hygrometers, Daniell's, 29, 206.

,, Leslie’s, 208.

,, Oat-beard, 202.

,, Regnault's, 28, 207.

,, Saussure's, 203.

,, Wet and Dry Bulb, 26, 204, 205.

Illuminating Apparatus, 1346.

Image Plates, 828, 829.

Inclined Plane Model, 1762. ‘
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Induction Tube, with coil of wire, 996.

Inertia Apparatus, 1765.

Inhalers, glass, 435.

Instantaneous Stereoscopic Pictures, 2083‘.

Instruments, Mathematical Drawing, 1607 to

1625.

Insulated Stands, for electrical and galvanic

experiments, 809, 905.

,, Stool, 819, 820.

Intermitting Springs, apparatus to explain,

1091.

Inversor, Dr. G. Bird's, 998.

Iron Spheres, for freezing water, 689.

Jars, Air, 306, 317.

Deflagrating, 419.

,, Medical, 804.

,, with moveable coatings, 805.

Lixiviating, 438.

Mixing, 449.

77

,, Dessicating, 396.

,, ' for fountain experiment, 1057.

,, Gas, 306.

,, Glass, for coating, 870.

,, Leyden, 802.

7!

H

”
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Kaleidoscopes, 1265.

Kerr’s Gas Tubes, 429.

King’s College, Set of Drawing Instruments,

1624.

Knife, Valentine’s Dissecting, 1175.

Labels, Chemical, 637.

Laboratory, Portable, 773, 774

Lactometer, 260 to 263.

,, Frye's, 2088.

Ladles, 690.

Lamp, Argand, Chemical, 691 to 693.

,, ,, Spirit, 588.

Brass Spirit, 696.

Davy's Safety, 694.

for microscopes, 1168, 1169.

Glass Blowers”, 616, 695.

Hydrogen, Self-acting, 697.

011, 1896.

Ships’ starboard and port, 2131.

,, mast-head, 2132.

,, anchor, 2132.

,, Spirit, glass, 436, 437, 503.

Landscape or View Lenses, 1821.

Lanterns, Dark, 1895.

,, Magic, 1387.

.s‘u~-~...~¢-.
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Lanterns, Phantasmagoria, 1391, 1392.

fitted with Oxy-calciura

Light, 1394 w 1396.

,, ,, with Microscope, 1393.

Lapidary’s Grinding Apparatus, 2107.

Leather Cases for lenses, 1924.

,, for cameras, 1925.

,, for portraits, &c., 1961.

,, for telescopes and race glasses, 1375.

Leather, gilt and silvered, strips of, 879.

Lenses, Achromatic, for microscopes, 1155 to

1157. 4

Coddington, 1239 to 1241.

Cylindrical, 1259.

,, Multiplying, 1252.

_,, Photographic, 1821 to 1828.

,, Print, 1255.

,, Stanhope, 1236 to 1238.

,, to order, 1248.

Leslie's apparatus for freezing water, 1079.

Levelling or Developing Stands, 1871 to 1875.

,, Staves, 1531 w 1533'.

Levels, Drainage, 1497.

Dumpy, or Gravatt's, 1501 to 1503.

Hand, 1508, 1508'.

Plain, 1498 to 1500.

Standard, 1507.

Y, 1504 to 1506.

Level Tubes, 1509, 1509‘.

Lever Sliders for Magic Lantern, 1420.

Levers, model, sets of, 1759, 1760.

Leyden Jars, 802.

,, experimental, 805.

Lieberkuhn, 1165.

Liebig's Condensers, 638.

,, Gas Absorber, 428.

,, Potash Apparatus, 554, 555.

Lime Cylinders and Balls, 1446, 1447.

Linen and Cloth Provers, 1228 to 1230.

Live Box, or Animalculee Cage, 1178.

Lixiviating Jars, 438.

Loadstone, 699, 1012.

Locomotives, models of, 1802 to 1806.

Lockets, gold and plated, 1980, 1981.

Log Glasses, 2118 m 2120.

Log, Massey and Friends Patent, 1595.

Long’s Patent Spirit Analyzer, 2117.

Lung's Glass, 1065.

’7 Y!
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Machines, Electrical, 783 to 799.

,, Soda Water, 2097.



�1�9�2 �S�C�I�E�N�T�I�F�I�C�I�N�S�T�R�U�M�E�N�T�S�M�A�N�U�F�A�C�T�U�R�E�D�B�Y�N�E�G�R�E�T�T�I�&�Z�A�M�B�R�A�,

�M�a�g�a�z�i�n�e�C�a�s�e�s�o�f �D�r�a�w�i�n�g�I�n�s�t�r�u�m�e�n�t�s�,�1�6�2�6�.
�M�a�g�a�z�i�n�e�o�r�R�e�v�o�l�v�i�n�g�S�t�e�r�e�o�s�c�o�p�c�s�,�2�0�7�5�.
�M�a�g�d�c�b�u�r�g�H�e�m�i�s�p�h�e�r�e�s�,�1�0�6�4�.
�M�a�g�i�c�L�a�n�t�e�r�n�s�,�1�3�8�7�.

�P�i�c�t�u�r�e�,�8�2�1�.

�,�, �S�t�e�r�e�o�s�c�o�p�e�,�2�0�5�4�.

�M�a�g�n�e�t�i�c�N�e�e�d�l�e�s�,�9�6�3�.
�O�x�i�d�e�o�f �I�r�o�n�,�6�9�9�.

�,�, �T�o�y�s�,�9�8�4�.
�M�a�g�n�e�t�o�-�E�l�e�c�t�r�i�c�M�a�c�h�i�n�e�s�,�9�8�1�.

�,�, �N�e�g�r�e�t�t�i�&�Z�a�m�b�r�a ��s�I�m
�p�r�o�v�e�d�,�9�8�2�,�9�8�3�.
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�M�a�g�n�e�t�s�,�6�9�8�.
�B�a�r�,�1�0�0�9�.
�H�o�r�s�e�S�h�o�e�,�1�0�1�0�.

�i�n�d�u�c�e�d�o�f �s�o�f�t�i�r�o�n�, �9�6�7�t�o �9�6�9�.
�N�a�t�u�r�a�l�o�r�L�o�a�d�s�t�o�n�e�,�1�0�1�2�.

�T�e�r�r�e�s�t�r�i�a�l�R�o�t�a�t�i�n�g�,�9�9�1�.
�M�a�g�n�iû��e�r�s�,�P�o�c�k�e�t�,�1�2�3�2�t�o �1�2�3�5�,�1�2�4�2�.

�,�, �W�a�t�c�h�m�a�k�e�r�s ��a�n�d�E�n�g�r�a�v�e�r�s ��,�1�2�3�1�.
�M�a�g�n�i�f�y�i�n�g�G�l�a�s�s�e�s�,�M�i�n�e�r�a�l�o�g�i�c�a�l�,�7�0�1�.
�M�a�n�t�e�l�o�r �D�r�a�w�i�n�g�R�o�o�m�T�h�e�r�m�o�m�e�t�e�r�,�1�0�8

�t�o �1�1�4�.

�M�a�p�M�a�t�e�r�,�0�1�'�O�p�i�s�o�m�e�t�e�r�,�1�7�2�0�.�.

�M�a�p�s�,�v�a�r�i�o�u�s�,�2�1�3�5�.

�M�a�r�c�e�t ��s�A�p�p�a�r�a�t�u�s�,�1�7�9�0�.
�M�a�r�s�h�'�s�A�r�s�e�n�i�c�a�p�p�a�r�a�t�u�s�,�5�7�9�.

�,�, �V�i�b�r�a�t�i�n�g�W�i�r�e�.�9�8�8�.
�M�a�r�q�u�o�i�s�e�S�c�a�l�e�s�,�1�7�0�6�t�o �1�7�0�9�.
�M�a�r�r�y�a�t�t�'�s�C�o�d�e�o�f �S�i�g�n�a�l�s�,�1�3�7�3�.
�M�a�s�k�s�,�w�i�r�e�,�7�0�0�.
�M�a�s�s�e�y�'�s�P�a�t�e�n�t�L�o�g�,�1�6�9�5�.

�,�, �S�o�u�n�d�i�n�g�M�a�c�h�i�n�e�,�1�5�9�6�.
�M�a�s�t�H�e�a�d�L�a�m�p�s�,�2�1�3�2�.
�M�a�t�e�r�i�a�l�s�f�o�r �m�a�k�i�n�g�D�a�y�-�h�y�d�r�o�g�e�n�G�a�s�,�1�4�5�5

�t�o �1�4�5�8�.
�M�a�t�h�e�m�a�t�i�c�a�l�D�r�a�w�i�n�g�I�n�s�t�r�u�m�e�n�t�s�,�1�6�0�7�t�o

�1�6�2�4�.

�M�a�t�s�f�o�r�p�o�r�t�r�a�i�t�c�a�s�e�s�,�&�c�.�, �1�9�6�3�.

�,�, �e�m�b�o�s�s�e�d�G�e�r�m�a�n�,�1�9�6�4�.

�M�a�y�n�o�o�t�h�G�a�l�v�a�n�i�c�B�a�t�t�e�r�i�e�s�,�9�0�4 �
�M�e�a�s�u�r�e�r�,�D�u�p�u�i�s ��,�2�0�9�4�.

�M�e�a�s�u�r�e�s�,�C�u�b�i�c�I�n�c�h�,�4�4�2�.

�,�, �G�r�a�d�u�a�t�e�d�,�4�3�9�t�o �4�4�1�.

�M�e�a�s�u�r�i�n�g�a�n�d�W�e�i�g�h�i�n�g�M�a�c�h�i�n�e�,�1�8�1�9�.
�C�h�a�i�n�,�G�u�n�t�e�r ��s�,�1�5�2�6�.
�S�t�a�n�d�a�r�d�,�1�5�2�8�t�o �1�5�3�0�.

�,�, �T�a�p�e�s�,�1�5�3�6�t�o �1�6�3�9�*�.

�M�e�c�h�a�n�i�c�a�l�P�o�w�e�r�s�,�m�o�d�e�l�a�p�p�a�r�a�t�u�s�o�f�, �1�7�5�7�,
�1�7�5�8�.

�M�e�d�a�l�l�i�o�n�s�,�p�l�a�s�t�e�r�o�f �P�a�r�i�s�,�9�6�2�.
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�M�e�d�i�c�a�l�A�p�p�a�r�a�t�u�s�,�&�c�.�,�p�a�g�e�1�5�3�.
�E�l�e�c�t�r�i�c�a�l�D�i�r�e�c�t�o�r�s�,�8�0�8�.

�G�a�l�v�a�n�i�c�A�p�p�a�r�a�t�u�s�,�1�0�1�7�t�o �1�0�2�8�.
�L�e�y�d�e�n�J�a�r�s�,�8�0�4�.

�,�, �M�a�g�n�e�t�o�-�E�l�e�c�t�r�i�c�M�a�c�h�i�n�e�,�1�8�2�0�.
�M�e�r�c�u�r�i�a�l�T�r�o�u�g�h�,�g�l�a�s�s�,�4�4�3�,�5�7�0�,�6�7�1�.

�,�, �i�r�o�n�, �7�0�3�.
�M�e�t�a�-�c�e�n�t�r�e�A�p�p�a�r�a�t�u�s�,�t�o �i�l�l�u�s�t�r�a�t�e�,�1�0�9�8�.
�M�e�t�a�l�F�o�i�l�s�a�n�d�W�i�r�e�s�,�f�o�r�c�o�m�b�u�s�t�i�o�n�,�9�2�9�.
�M�e�t�a�l�l�i�c�B�a�r�o�m�e�t�e�r�s�,�B�o�u�r�d�o�n�'�s�,�8�7�,�8�8�.

�T�h�e�r�m�o�m�e�t�e�r�,�1�0�4�.
�,�, �V�e�s�s�e�l�,�f�o�r�r�a�d�i�a�t�i�o�n�e�x�p�e�r�i�m�e�n�t�,�7�0�2�.

�M�e�t�e�r�s�,�C�u�r�r�e�n�t�,�1�1�1�1�.

�M�c�t�f�o�r�d�'�s�S�c�a�l�e�s�,�1�7�3�0

�M�i�c�a�f�o�r�l�o�c�k�e�t�s�,�&�c�.�,�1�9�8�2�.

�M�i�c�r�o�m�e�t�e�r�,�A�n�n�u�l�a�r�,�1�3�4�3�.

�f�o�r�e�y�e�-�p�i�e�c�e�,�1�1�8�2�.
�f�o�r�s�t�a�g�e�,�1�1�8�1�.
�o�n�g�l�a�s�s�,�f�o�r�t�e�l�e�s�c�o�p�e�,�1�3�4�4�.

�,�, �P�o�s�i�t�i�o�n�,�1�3�4�6�.

�M�i�c�r�o�-�P�h�o�t�o�g�r�a�p�h�s�,�a�p�p�a�r�a�t�u�s�f�o�r�, �1�8�3�2 ��.
�M�i�c�r�o�s�c�o�p�e�s�,�A�c�h�r�o�m�a�t�i�c�,�1�1�4�4�t�o �1�1�4�7�.

�,�, �l�a�r�g�e�s�i�z�e�s�,�1�1�5�2�t�o �1�1�5�4�.

�B�e�e�t�l�e�o�r�I�n�s�e�c�t�,�1�2�2�6�.

�B�o�t�a�n�i�c�a�l�,�1�2�2�7�.
�C�l�o�t�h�,�1�2�2�:�;�t�o �1�2�3�0�.
�C�o�m�p�o�u�n�d�,�1�1�3�7�t�o �1�1�4�0�.

�G�o�u�l�d�'�s�,�1�1�4�1�,�1�1�4�2�.

�,�, �M�a�r�t�i�n�'�s�,�1�1�4�3�.
�F�l�o�w�e�r�,�1�2�2�3�.

�G�a�r�d�e�n�e�r�s ��,�1�2�2�4�.

�N�e�g�r�e�t�t�i�a�n�d�Z�a�m�b�r�a ��s�S�t�u�d�e�n�t�s �
�A�c�h�r�o�m�a�t�i�c�,�1�1�4�8�t�o �1�1�5�1�.

�D�r�y�-�h�y�d�r�o�g�e�n�,�1�4�4�0�t�o �1�4�4�3�.
�S�e�e�d�,�1�2�2�5

�,�, �S�i�n�g�l�e�B�o�t�a�n�i�c�o�r�D�i�s�s�e�c�t�i�n�g�,�1�1�3�6�.
�M�i�c�r�o�s�c�o�p�i�c�A�i�r�P�u�m�p�,�f�o�r�m�o�u�n�t�i�n�g�,�1�1�9�9�.

�A�p�p�a�r�a�t�u�s�,�&�c�.�, �1�1�6�8�t�o �1�2�0�4�.
�C�o�p�y�i�n�g�C�a�m�e�r�a�,�1�8�3�2�.
�D�i�s�s�e�c�t�i�n�g�I�n�s�t�r�u�m�e�n�t�s�,�1�1�7�2�t�o �1�1�7�6�.
�F�o�r�c�e�p�s�,�1�1�7�0�,�1�1�7�1�.

�G�l�a�s�s�R�i�n�g�s�a�n�d�C�e�l�l�s�,�1�1�9�4�.
�G�l�a�s�s�S�l�i�d�e�s�,�1�1�8�8�.
�G�l�a�s�s�,�t�h�i�n�, �1�1�8�9�,�1�1�9�0�.
�G�o�l�d�S�i�z�e�C�e�l�l�s�,�a�p�p�a�r�a�t�u�s�f�o�r�, �1�2�0�1�.
�I�n�j�e�c�t�i�n�g�S�y�r�i�n�g�e�,�1�2�0�0�.
�L�a�m�p�s�,�A�r�g�a�n�d�,�1�1�6�8�,�1�1�6�9�.
�M�a�t�e�r�i�a�l�s�,�1�2�0�2�t�o �1�2�0�4�.

�M�o�u�n�t�i�n�g�P�a�p�e�r�s�,�1�1�9�5�.
�O�b�j�e�c�t�L�e�n�s�e�s�,�p�a�g�e�1�0�5�.
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�1�0�7�,�H�O�L�B�O�R�N�H�I�L�L�,�1�, �H�A�T�T�O�N�G�A�R�D�E�N�,�u�m�5�9�, �C�O�R�N�H�I�L�L�,�L�O�N�D�O�N�.�1�9�3

�M�i�c�r�o�s�c�o�p�i�c�S�e�c�t�i�o�n�C�u�t�t�e�r�s�,�1�1�9�8�.

�,�, �S�t�a�g�e�P�l�a�t�e�s�,�1�1�9�1�.

�,�, �T�e�s�t�O�b�j�e�c�t�s�,�1�2�0�9�.

�M�i�d�s�h�i�p�m�n�n�'�s�T�e�l�e�s�c�o�p�e�,�1�3�7�1�.
�M�i�l�i�t�a�r�y�D�r�a�w�i�n�g�S�c�a�l�e�s�,�1�7�0�2�.

�,�, �P�o�c�k�e�t�T�e�l�e�s�c�o�p�e�,�1�3�7�7�t�o �1�3�8�1�.

�N�.�a�n�d�Z�.�'�s�i�m�p�r�o�v�e�d�,
�1�3�8�2�.

�,�, �R�e�c�o�n�n�o�i�t�r�i�n�g�G�l�a�s�s�e�s�,�1�1�1�3�t�o �1�1�3�5�.
�M�i�n�e�r�a�l�o�g�i�c�a�l�C�a�b�i�n�e�t�s�,�2�1�0�2�t�o�2�1�0�5�.
�M�i�n�e�r�s�'�C�o�m�p�a�s�s�,�1�5�1�2�.
�M�i�n�i�a�t�u�r�e�C�a�s�e�s�a�n�d�F�r�a�m�e�s�,�1�9�6�1�,�1�9�6�2�.

�M�i�n�u�t�e�G�l�a�s�s�e�s�,�2�1�0�1�,�2�1�0�2�.

�M�i�r�r�o�r�s�,�B�l�a�c�k�,�1�2�4�6�.

�,�, �C�o�n�c�a�v�e�a�n�d�C�o�n�v�e�x�,�1�2�4�3�.

�,�, �C�y�l�i�n�d�r�i�c�a�l�a�n�d�D�i�s�t�o�r�t�i�n�g�,�1�2�4�4�.
�,�, �M�u�l�t�i�p�l�y�i�n�g�,�1�2�4�5�.

�M�i�t�s�c�h�e�r�l�i�c�h ��s�P�o�t�a�s�h�A�p�p�a�r�a�t�u�s�,�5�5�6�.
�M�i�x�i�n�g�J�a�r�s�,�4�4�9�.
�M�o�d�e�l�A�r�c�h�i�m�e�d�e�s�'�S�c�r�e�w�,�1�0�9�5�.

�,�, �B�a�r�k�e�r�'�s�M�i�l�l�, �1�0�9�4�.

�,�, �B�r�a�m�a�h ��s�H�y�d�r�o�s�t�a�t�i�c�P�r�e�s�s�,�1�1�0�3�t�o

�1�1�0�5�.

�,�, �B�r�e�a�s�t�W�h�e�e�l�,�1�1�0�9�.

�,�, �C�a�n�a�l�L�o�c�k�a�n�d�S�l�u�i�c�e�,�1�1�1�0�.

�,�, �C�e�n�t�r�i�f�u�g�a�l�P�u�m�p�,�1�0�9�2�.

�,�, �,�, �A�p�p�o�l�d�'�s�,�1�0�9�3�.

�D�i�v�i�n�g�B�e�l�l�, �1�1�0�6�.
�E�l�e�c�t�r�a�-�M�o�t�i�v�e�,�1�0�0�0�t�o �1�0�0�2�.

�F�o�r�c�e�P�u�m�p�,�1�0�7�3�.

�G�e�o�m�e�t�r�i�c�a�l�,�1�7�8�7�t�o �1�7�8�9�.

�L�i�f�t�i�n�g�a�n�d�F�o�r�c�e�P�u�m�p�s�,�1�0�7�4�.
�L�o�c�o�m�o�t�i�v�e�s�,�1�8�0�2�,�1�8�0�6�.
�M�a�r�i�n�e�S�t�e�a�m�E�n�g�i�n�e�s�,�1�8�0�7�.
�M�o�n�g�o�lû��e�r�s�\�V�a�t�e�r�R�a�m�,�1�0�9�6�.
�O�v�e�r�s�h�o�t�W�h�e�e�l�,�1�1�0�8�.

�,�, �P�e�n�n ��s�S�t�e�a�m�E�n�g�i�n�e�,�1�8�0�8�.
�,�, �P�e�r�k�i�n�s�'�s�t�e�a�m�g�u�n�,�1�8�1�0�.

�r�a�i�l�w�a�y�t�r�a�i�n�s�a�n�d�r�a�i�l�r�o�a�d�,�1�8�0�4�,�1�8�0�5

�s�a�w�i�n�g�,�r�o�l�l�i�n�g�,�a�n�d�g�r�i�n�d�i�n�g�m�i�l�l�s�,

�&�c�.�,�1�8�1�4�.
�,�, �S�e�c�t�i�o�n�a�l�,�o�f �h�i�g�h�a�n�d�l�o�w�p�r�e�s�s�u�r�e
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�,�, �s�t�e�e�l�y�a�r�d�,�1�7�8�5�.

�,�, �t�h�e�E�y�e�,�2�0�8�9�.
�,�, �t�o�e�x�p�l�a�i�n�f�o�r�m�a�t�i�o�n�o�f�s�c�r�e�w�a�n�d�n�u�t�,

�1�7�6�3�.
�t�o�i�l�l�u�s�t�r�a�t�e�p�r�o�p�e�r�t�i�e�s�o�f�a�n�a�r�c�h�,�1�7�8�3
�t�o�o�t�h�e�d�w�h�e�e�l�s�,�&�c�.�, �1�7�8�4�.

�U�n�d�o�r�s�h�o�t�W�h�e�e�l�,�1�1�0�7�.
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�M�o�d�e�l�o�f �v�a�r�i�o�u�s�s�t�e�a�m�e�n�g�i�n�e�s�,�1�7�9�3�t�o �1�8�0�0�.

�,�, �\�V�a�t�e�r�P�u�m�p�,�1�0�7�1�,�1�0�7�2�.
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�M�o�o�n�,�S�t�e�r�e�o�s�c�o�p�i�c�V�i�e�w�s�o�f�, �2�0�8�8�*�.
�M�o�r�t�a�r�s�a�n�d�P�e�s�t�l�e�s�,�a�g�a�t�e�,�4�4�4�.

�B�e�r�l�i�n�p�o�r�c�e�l�a�i�n�,�3�4�5�.
�g�l�a�s�s�,�4�4�7�.
�i�r�o�n�a�n�d�b�r�a�s�s�,�7�0�4�.
�\�V�e�d�g�w�o�o�d�w�a�r�e�,�4�4�6�.

�M�o�u�n�t�a�i�n�B�a�r�o�m�e�t�e�r�s�(�s�e�c�B�a�r�o�m�e�t�e�r�s�)�.
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�_�- ��~�.�~�s

�~ ��~�.�.�.

�N�a�p�i�e�r ��s�P�o�c�k�e�t�C�o�m�p�a�s�s�e�s�,�1�6�6�6�.
�N�a�t�u�r�a�l�H�i�s�t�o�r�y�S�l�i�d�e�s�f�o�r �L�a�n�t�e�r�n�,�1�4�0�7�.
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�N�a�v�y�C�o�d�e�o�f �S�i�g�n�a�l�s�,�1�3�7�4�.

�,�, �T�e�l�e�s�c�o�p�e�s�,�1�3�7�0�.

�N�e�e�d�l�e�H�o�l�d�e�r�,�1�6�5�4�.

�N�e�e�d�l�e�s�,�A�s�t�a�t�i�c�,�9�7�5�.
�,�, �D�eû��e�c�t�i�n�g�,�O�e�r�s�t�c�d�'�s�e�x�p�e�r�i�m�e�n�t�,�9�6�5�.

�,�, �D�i�p�p�i�n�g�,�9�6�4�.
�,�, �M�a�g�n�e�t�i�c�,�9�6�3

�N�i�c�h�o�l�s�o�n�'�s�G�r�a�v�i�m�e�t�-�e�r�,�2�7�8�.

�N�i�e�o�l ��s�P�r�i�s�m�s�,�1�4�7�0�,�1�4�7�1�.

�N�i�g�h�t�G�l�a�s�s�e�s�,�e�a�p�t�a�i�n�s�'�,�p�i�l�o�t�s�'�, �o�r �m�i�l�i�t�a�r�y�,
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�t�o �1�3�6�9�.

�N�i�p�p�e�r�s�o�r�C�u�t�t�i�n�g�P�l�y�e�r�s�,�7�0�5�.
�N�i�t�r�o�g�e�n�A�p�p�a�r�a�t�u�s�,�U�r�e�'�s�,�5�6�3�.

�,�, �H�o�r�s�f�o�r�d�'�s�,�5�6�6�.

�,�, �W�i�l�l�a�n�d�V�a�r�r�e�n�t�r�a�p ��s�,�5�6�5�.
�N�o�b�e�r�t ��s�S�y�s�t�e�m�o�f �T�e�s�t�L�i�n�e�s�,�1�1�8�2�*�.

�O�b�j�e�c�t�G�l�a�s�s�e�s�f�o�r�t�e�l�e�s�c�o�p�e�s�,�1�3�3�9�.
�,�, �f�o�r�m�i�c�r�o�s�c�o�p�e�s�,�p�a�g�e�1�0�5�.

�O�b�j�e�c�t�s�f�o�r�m�i�c�r�o�s�c�o�p�e�,�1�2�0�5�t�o �1�2�2�2�.
�,�, �G�a�y�-�h�y�d�r�o�g�e�n�M�i�c�r�o�s�c�o�p�e�,�1�4�4�5�.

�O�H�-�s�e�t�S�c�a�l�e�s�f�o�r�p�l�o�t�t�i�n�g�,�1�6�8�8�t�o �1�6�9�2�.
�O�i�l�B�a�t�h�,�3�6�4�.
�O�l�e�o�m�e�t�e�r�,�2�5�9�.

�O�p�e�r�a�G�l�a�s�s�e�s�,�A�c�h�r�o�m�a�t�i�c�,�d�o�a�b�l�e�,�1�1�1�7�.
�,�, �,�, �s�i�n�g�l�e�,�1�1�1�2�t�o �1�1�1�4�.

�,�, �S�y�d�e�n�h�a�m�,�1�1�1�5�.
�,�, �T�o�m�T�h�u�m�b�,�1�1�1�6�.
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�,�, �o�r�n�a�m�e�n�t�a�l�a�n�d�f�a�n�c�y�m�o�u�n�t�i�n�g�s�,�1�1�2�0

�,�, �w�i�t�h�a�d�j�u�s�t�i�n�g�c�e�n�t�r�e�s�,�1�1�1�8�.

�O�p�i�s�o�m�e�t�e�r�,�1�7�2�0�.
�O�p�t�i�c�a�l�S�q�u�a�r�e�,�1�5�1�8�.
�O�r�r�e�r�i�e�s�,�1�7�5�3�t�o �1�7�5�5�.

�,�, �E�l�e�c�t�r�i�c�a�l�,�8�5�2�.

�O�r�t�h�o�s�c�o�p�i�c�L�e�n�s�e�s�.�1�8�2�6�.
�O�s�c�i�l�l�a�t�i�n�g�S�t�e�a�m�E�n�g�i�n�e�s�,�m�o�d�e�l�s�o�f�, �1�8�0�0�.
�O�v�e�r�s�h�o�t�W�h�e�e�l�,�m�o�d�e�l�o�f�, �1�1�0�8�.

�O�x�y�-�c�a�l�c�i�u�m�L�i�g�h�t�(�.�m�D�i�s�s�o�l�v�i�n�g�V�i�e�w�s�)�,�1�3�9�4
�a�n�d�1�4�3�1�.

�O�x�y�g�e�n�G�a�s�R�e�t�o�r�t�,�4�1�7�,�1�4�5�1�.
�D�r�y�-�h�y�d�r�o�g�e�n�G�a�s�A�p�p�a�r�a�t�u�s�,�6�8�0�t�o �6�8�2

�,�, �L�i�g�h�t�(�s�e�c�D�i�s�s�o�l�v�i�n�g�V�i�e�w�s�)�,�1�4�3�3�.
�O�z�o�n�e�B�o�x�,�1�5�.

�,�, �C�a�g�e�,�S�i�r�J�a�m�e�s�C�l�a�r�k ��s�,�1�6�.
�O�z�o�n�o�m�e�t�e�r�,�M�o�t�l�'�a�t�t�'�s�,�1�3�.

�,�, �S�c�h�o�n�b�i�e�n ��s�,�1�4�.

�P�a�n�c�r�a�t�i�c�E�y�e�T�u�b�e�s�,�1�3�8�4�.
�P�a�p�e�r�,�F�i�l�t�e�r�,�6�6�6�.

�,�, �M�o�u�n�t�s�f�o�r�m�i�c�r�o�s�c�o�p�i�c�o�b�j�e�c�t�s�,�1�1�9�5�.
�P�a�p�e�r�s�f�o�r�S�t�a�t�i�o�n�o�r�L�e�v�e�l�l�i�n�g�S�t�a�v�e�s�,�1�5�3�4�.

�,�, �T�e�s�t�,�7�5�5�.
�,�, �T�r�a�c�i�n�g�,�1�7�4�1�.

�P�a�r�a�d�o�x�,�H�y�d�r�o�s�t�a�t�i�c�,�1�0�8�5�.
�P�a�r�a�l�l�e�l�R�u�l�e�s�,�1�6�7�8�,�1�6�8�1�,�1�6�9�3�.
�P�a�r�t�i�n�g�G�l�a�s�s�e�s�,�4�5�1�.
�P�a�s�s�e�P�a�r�t�o�u�t�,�1�9�6�6�t�o �1�9�7�2�.

�P�a�t�e�n�t�S�t�e�r�e�o�s�c�o�p�e�s�,�2�0�5�1�t�o �2�0�5�4�.
�P�e�d�e�s�t�a�l�G�l�o�b�e�s�,�1�7�4�3�.
�P�e�d�o�m�e�t�e�r�,�2�0�9�5�.

�P�e�n�c�i�l�B�o�w�s�,�1�6�3�7�t�o �1�6�3�9�.

�P�e�n�c�i�l�s�,�s�m�a�l�l�,�f�o�r�d�r�a�w�i�n�g�i�n�s�t�r�u�m�e�n�t�s�,�1�7�3�8�.
�P�e�n�n�'�s�V�i�b�r�a�t�i�n�g�S�t�e�a�m�E�n�g�i�n�e�,�m�o�d�e�l�s�o�f�, �1�8�0�8�.
�P�e�n�s�,�B�o�w�,�1�6�3�4�t�o �1�6�3�6�.

�,�, �D�r�a�w�i�n�g�,�1�6�4�6�t�o �1�6�5�0�.

�,�, �D�o�t�t�i�n�g�,�1�6�5�1�.
�,�, �R�o�a�d�,�1�6�5�3�.

�P�e�n�t�a�g�r�a�p�h�s�,�1�6�7�4�,�1�6�7�5�.
�P�e�p�y ��s�G�a�s�H�o�l�d�e�r�,�7�0�8�,�7�0�9�.
�P�e�m�m�b�u�l�a�t�o�r�s�,�o�r�R�o�a�d�M�e�a�s�u�r�e�r�s�,�1�5�4�0�,�1�5�4�1�.
�P�e�r�c�o�l�a�t�o�r�G�l�a�s�s�,�4�5�9�.

�P�e�r�c�y ��s�A�p�p�a�r�a�t�u�s�f�o�r�a�l�k�a�l�i ��s�,�5�7�7�.

�P�e�r�i�s�c�o�p�i�c�S�p�e�c�t�a�c�l�e�s�,�1�3�0�1�.
�P�e�r�k�i�n�s ��S�t�e�a�m�G�u�n�,�1�8�1�0�.
�P�e�r�s�p�e�c�t�i�v�e�s�,�1�3�5�1�t�o �1�3�5�4�.

�P�h�a�n�t�a�s�c�o�p�e�,�1�2�7�0�.
�P�h�o�t�o�g�r�a�p�h�i�c�A�p�p�a�r�a�t�u�s�,�c�o�m�p�l�e�t�e�s�e�t�s�o�f�, �2�0�2�7

�t�o �2�0�3�8�.
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�P�h�o�t�o�g�r�a�p�h�i�c�B�r�u�s�h�e�s�,�1�9�3�6�t�o �1�9�3�8�.

�,�, �C�a�m�e�r�a�s�,�1�8�2�9�t�o �1�8�3�5�.

�,�, �C�h�e�m�i�c�a�l�s�,�1�9�8�3�t�o �2�0�2�6�.

�,�, �C�o�l�o�u�r�i�n�g�m�a�t�e�r�i�a�l�s�,�1�9�3�9�t�o �1�9�4�6�.

�,�, �C�o�l�o�u�r�s�,�1�9�3�1�t�o �1�9�3�5�.
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�,�, �L�e�n�s�e�s�,�1�8�2�1�t�o �1�8�2�8�.

�,�, �P�a�p�c�r�s�,�1�9�4�7�t�o �1�9�5�8�.

�,�, �P�a�p�e�r�s�,�p�r�e�p�a�r�e�d�,�1�9�5�9�,�1�9�6�0�.

�,�, �S�l�i�d�e�s�f�o�r�m�a�g�i�c�l�a�n�t�e�r�n�,�&�c�.�,�1�4�3�7�.
�,�, �T�e�n�t�s�,�1�8�6�2�t�o �1�8�6�6�.

�P�h�o�t�o�m�e�t�e�r�s�,�1�2�6�6�.

�P�i�l�l�a�r�C�o�m�p�a�s�s�e�s�,�1�6�6�7�.
�P�i�l�o�t�s�'�N�i�g�h�t�G�l�a�s�s�e�s�,�1�1�3�0�t�o �1�1�3�5�.

�,�, �T�e�l�e�s�c�o�p�e�s�,�1�3�6�5�t�o �1�3�6�6�.

�P�i�p�e�t�t�e�s�,�4�5�2�t�o�4�5�8�,�1�8�9�0�.

�P�i�s�t�o�l�,�E�l�e�c�t�r�i�c�a�l�,�8�5�9�.
�P�i�t�h�B�a�l�l�s�,�8�2�3�.

�,�, �B�a�l�l�S�t�a�n�d�.�8�3�1�,�8�3�2�.
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�S�e�c�t�i�o�n�s�,�M�i�c�r�o�s�c�o�p�i�c�,�1�2�1�4�t�o �1�2�2�0�.
�S�e�c�t�o�r�S�c�a�l�e�s�,�1�6�9�4�,�1�6�9�5�.

�S�e�e�d�M�i�c�r�o�s�c�o�p�e�s�,�1�2�2�5�.
�S�c�i�v�e�s�,�7�2�9�.

�S�e�l�e�n�i�t�c�,�1�1�8�5�.

�,�, �D�e�s�i�g�n�s�,�1�4�7�7�,�1�4�7�8�.

�,�, �P�l�a�t�e�,�1�4�7�5�,�1�4�7�6�,�1�4�7�9�.

�S�e�p�a�r�a�t�i�n�g�F�u�n�n�e�l�s�,�4�9�5�,�4�9�6�.
�,�, �R�e�c�e�i�v�e�r�,�4�9�7�,�4�9�8�.

�S�e�t�s�o�f �C�h�e�m�i�c�a�l�A�p�p�a�r�a�t�u�s�,�7�7�8�t�o �7�8�1�.
�,�, �,�, �f�o�r�a�n�a�l�y�s�i�s�o�f�s�o�i�l�s�,�&�c�.�,�7�8�2�.

�,�, �E�l�e�c�t�r�o�-�M�a�g�n�c�t�i�c�A�p�p�a�r�a�t�u�s�,�1�0�1�3�.
�G�a�l�v�a�n�i�c�A�p�p�a�r�a�t�u�s�,�9�3�0�,�9�3�1�.

�,�, �P�n�e�u�m�a�t�i�c�A�p�p�a�r�a�t�u�s�,�1�0�3�9�.
�,�, �S�p�r�i�n�g�B�o�w�s�,�1�6�4�3�,�1�6�4�4�.

�S�e�x�t�a�n�t�s�,�1�5�5�1�t�o �1�5�5�7�.
�n �p�o�c�k�e�t�,�1�5�5�8�t�o �1�5�6�0�.

�S�h�a�d�b�o�l�t ��s�P�a�r�a�b�o�l�i�c�C�o�n�d�e�n�s�e�r�,�1�1�6�3�.

�S�h�e�a�r�s�,�C�u�t�t�i�n�g�,�7�2�8�.
�S�h�i�p�C�u�r�v�e�s�,�1�7�2�8�.
�S�h�i�p�s ��B�i�n�n�a�c�l�e�s�,�1�5�9�4�.

�S�h�i�p�s ��B�o�a�r�d�o�f �T�r�a�d�e�R�e�g�u�l�a�t�i�o�n�S�t�a�r�b�o�a�r�d
�a�n�d�P�o�r�t�L�a�m�p�s�,�2�1�3�1�.

�9�7

� 
�S�h�o�w�F�r�a�m�e�s�f�o�r�P�o�r�t�r�a�i�t�s�,�&�c�.�,�1�9�7�9�.

�S�i�d�e�R�eû��e�c�t�o�r�f�o�r�m�i�c�r�o�s�c�o�p�e�,�1�1�6�6�.
�S�i�g�n�a�l�B�e�l�l�, �E�l�e�c�t�r�o�-�M�a�g�n�e�t�i�c�,�1�0�0�4�.

�S�i�g�n�a�l�s�,�M�a�r�r�y�a�t�t ��s�c�o�d�e�o�f�, �1�3�7�3�.
�,�, �N�a�v�y�,�1�3�7�4�.

�S�i�g�n�a�l�S�t�a�t�i�o�n�T�e�l�e�s�c�o�p�e�s�,�1�3�8�3�.
�S�i�n�g�l�e�A�c�h�r�o�m�a�t�i�c�L�a�n�d�s�c�a�p�e�I�c�n�s�c�s�,�1�8�2�1�.

�S�i�n�g�l�e�O�p�e�r�a�G�l�a�s�s�e�s�,�1�1�1�2�t�o �1�1�1�6�.
�S�k�e�l�e�t�o�n�F�r�a�m�e�s�,�o�r�P�a�s�s�e�P�a�r�t�o�u�t�,�1�9�6�6�,�1�9�6�7�.

�S�l�i�d�e�s�,�a�s�t�r�o�n�o�m�i�c�a�l�,�1�3�8�9�,�1�4�0�1�t�o �1�4�0�6�.
�,�, �D�i�o�r�a�m�i�c�,�f�o�r�L�a�n�t�e�r�n�s�,�&�c�.�,�1�4�3�6�.

�,�, �f�o�r �M�a�g�i�c�L�a�n�t�e�r�n�s�,�1�3�8�8�,�1�3�9�7�t�o

�1�4�0�0�.

�,�, �G�e�o�l�o�g�i�c�a�l�,�1�4�0�8�.

�l�e�v�e�r�,�1�4�2�0�.

�m�o�v�e�a�h�l�e�,�c�o�m�i�c�,�1�4�1�9�.

�,�, �P�h�o�t�o�g�r�a�p�h�i�c�,�f�o�r�L�a�n�t�e�r�n�,�&�c�.�,�1�4�3�7�.

�r�a�c�k�w�o�r�k�,�1�4�0�4�,�1�4�2�5�t�o �1�4�2�8�.
�t�o �i�l�l�u�s�t�r�a�t�e�a�n�c�i�e�n�t�a�n�d�m�o�d�e�r�n

�h�i�s�t�o�r�y�,�1�4�1�0�.
�C�o�n�c�h�o�l�o�g�y�a�n�d�B�o�t�a�n�y�,

�1�4�1�5�.

�,�, �n�a�t�u�r�a�l�h�i�s�t�o�r�y�,�1�4�0�7�.
�,�, �E�n�g�l�i�s�h�h�i�s�t�o�r�y�,�1�4�0�9�.

�i�n�a�n�n�e�r�s�a�n�d�c�u�s�t�o�m�s�o�f�t�h�e
�C�h�i�n�e�s�e�,�1�4�1�4�.

�,�, �S�c�r�i�p�t�u�r�e�g�e�o�g�r�a�p�h�y�,�1�4�l �3�.
�S�c�r�i�p�t�u�r�e�h�i�s�t�o�r�y�,�1�4�1�1�.
�S�c�r�i�p�t�u�r�e�z�o�o�l�o�g�y�a�n�d�b�o

�t�a�n�y�,�1�4�1�2�.
�,�, �w�i�t�h�m�o�v�e�a�b�l�e�s�h�i�p�p�i�n�g�,�r�a�i�l�w�a�y�,�&�c�.�,

�1�4�2�1�.

�S�l�i�n�g�C�a�s�e�s�f�o�r�r�a�c�e�g�l�a�s�s�e�s�,�1�1�3�0�'�.
�,�, �f�o�r�t�e�l�e�s�c�o�p�e�s�1�3�6�2�.

�S�m�e�e ��s�G�a�l�v�a�n�i�c�B�a�t�t�e�r�i�e�s�,�8�9�1�t�o �8�9�6�.

�S�o�d�a�W�a�t�e�r�A�p�p�a�r�a�t�u�s�o�r �G�a�z�o�g�e�n�c�,�2�0�9�9�.
�,�, �E�n�g�i�n�e�s�,�2�0�9�7�.

�S�o�f�t�I�r�o�n�M�a�g�n�e�t�s�,�9�6�7�.
�S�p�a�t�u�l�a�s�,�7�3�0�t�o �7�3�2�.
�S�p�e�a�k�i�n�g�T�r�u�m�p�e�t�s�,�2�1�3�3�.
�S�p�e�c�iû��c�G�r�a�v�i�t�y�B�e�a�d�s�,�2�7�3�t�o �2�7�5�.

�,�, �,�, �B�o�t�t�l�e�s�,�2�7�6�,�4�9�9�t�o �5�0�2�.
�S�p�e�c�t�a�c�l�e�s�,�c�a�t�a�r�a�c�t�,�1�3�0�0�.

�c�l�i�p�-�n�o�s�e�o�r�f�o�l�d�i�n�g�,�1�3�0�2�t�o �1�3�1�2�.
�,�, �,�, �g�o�l�d�a�n�d�s�i�l�v�e�r�,�1�3�1�3�t�o�1�3�2�0�.

�F�r�e�n�c�h�p�a�t�t�e�r�n�,�1�2�8�8�.
�g�o�l�d�,�1�2�8�2�m�1�2�8�5�.
�h�o�r�s�e�-�s�h�o�e�,�1�2�9�6�t�o �1�2�9�8�.

�i�n�v�i�s�i�b�l�e�,�o�r�P�e�r�l�i�v�i�s�i�o�n�,�1�2�8�0�,�1�2�8�1�.

�p�a�t�e�n�t�,�1�2�8�9�t�o �1�2�9�3�.

�p�e�r�i�s�c�o�p�i�c�,�1�3�0�1�.

�7�!
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Spectacles, silver, 1286 to 1287.

,, ' steel, 1273 to 1279.

,, with neutral tint glasses, 1299.

Spectacle Cases, 1327, 1328.

Spirals, Electrical, 843 to 845.

Spirit Analyzer, Long's Patent, 2117.

,, Lamps, glass, 503, 1894.

Spirometcr, Hutchinson's, 1818.

Spoons, Blowpipe, 623.

,, Deflagrating, 651.

,, glass, 504.

,, Platinum, 707.

Sportsman, Electrical, 863.

Spring Bow Pens, 1640.

,, Dividers, 1642.

,, Measuring Tapes, 1536.

,, Pencils, 1641.

,, Screw Dividers, 1632.

Squares, Optical, 1518.

,, T, 1721 to 1724.

Stage Micrometer for microscope, 1181.

Standard Chains, 1528.

,, Grain Weights, 726, 727.

,, Head Rest, 1859.

,, Instruments, 1 to 31.

,, Levels, 1507.

Stands, Camera, 1847 to 1855.

Camera Lucida, 1261.

Crucible, 645.

Developing or Fixing, 1971 to 1375f
7’

.. Egg. 821

for Aneroid Barometers, 89.

for Azimuth Compasses, 1593.

for Fruit &c., on Air Pump, 1053.

,, for Prismatic Compass, 1523.

,, Globular Receiver, 424.

,, Insulated, for galvanic experiments,

905, 906.

or Support for Condenser, 639.

Pith Ball, 828, 829.

Retort, 717 to 720.

Telescope, 1347 to 1350.

Test Tubes, 749 to 753.

Thermometers, 27.

Stanlaope Lenses, 1236 to 1238.

Starboard Lumps, Ships’, 2131.

Star, Electrical, 823.

Staves, Levelling or Station, 1531, 1532.

Stavcs, Levelling, Sopwith’s, 1533, 1534.

Steam Boats, models of, 1809.

Steam Engine, Branca’s, 1796.

_-_.-~.~s
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Steam Engine, De Cau's, 1795.

,, Hero's model of, 1793, 1794.

,, models of various, 1799.

,, Oscillating, 1800, 1801.

,, Savory"s, 1797.

,, Watts’ Low Pressure, 1798.

Steam Engines and Boilers, Portable, 1817.

Steam Guages, Bourdon's, 216 to 219.

,, Chadbnrn’s, 2108.

,, Mercurial, 209 to 213.
I ,, Schaefl'er’s, 214.

,, Taps, 1816.

Steam Taps, 1817.

,, Whistles, 1815.

Steel Measuring Tapes, 1539'.

Steelyard, model of, 1785.

Steering Compasses, 1597.

Stereoscopes, 2039 to 2046.

Achromatic, 2070 to 2074.

Folding and Book, 2049, 2050.

Patent Cosmoramic, 2047, 2048.

Patent, for short sight, 2051 to 2053.

Patent Magic, 2054 to 2058.

Reflecting, 2077.

,, Revolving or Magazine, 2075, 2076.

Stereoscopic Cabinets and Boxes, 2084, 2067.

Cameras, 1834, 1835.

Instantaneous Pictures, 2083'.

Portrait Lenses, 1824.

View Lenses, 1823.

Views, coloured, 2082.

,, Crystal Palace, 2079.

,, illuminated, 2083.

,, on glass, 2078.

,, on paper, 2080, 2081.

Stewart’s Apparatus for Paper Process, 1917.

sum, 733 w 738.

,, Photographic, 1898 to 1902.

Stirrcrs, glass, 505, 506.

Stirring Rods, 1891.

Stone Ware. 507 to 511.

,, Filters, 1903.

Stool, Electrical, 819, 820.

Stopcoclrs, brass, 739.

,, glass, 512, 513, 742.

,, gutta percha, 741.

,, iron, 740.

Storm Compasses, 1580.

Storm or Weather Glass, 90, 91.

Straight Edges, 1726.

Students' Microscopes, 1148 to 1151.

‘u‘-,~.
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Sturgeon's apparatus for igniting gunpowder,

857.

,, Rotating Disc, 992.

Submarine Explosion apparatus, 917.

Suction Tube, 557.

Sulphuretted Hydrogen Apparatus, 578'.

Sulphuric Acid Dish, 352.

Sun Dials, 1599 to 1602.

,, Pocket, with thermometer, 103.

,, universal, 1603to 1605.

,, with cannon, 1606.

Super-heated Steam Thermometer, 213.

Supports for tubes, retorts, &c., 746.

Surgical Instruments, page 153.

Surveying Chains, 1526.

Surveyors' Cross, 1514.

Swan, Magnetic, 984.

Swedish Filter Paper, 1958.

Syke's Hydrometers (see Hydrometers).

Sympiesometers, 80, 81.

,, for the pocket, 82.

Syphons, glass, 514 to 519.

,, metal, 743, 744, 1089.

Syphon Washing Bottle, 543, 544.

Syringe and Lead Weight, 1050.

,, Condensing, 1042.

,, Exhausting, 1041.

Exhausting and Condensing, 1043,

1044.

,, glass, 52015 522.

,, Injecting, 1200.

System of Levers, 1759.

,, Pulleys, 1761.

Table, Glass Blowers’, 617 to 619.

Table Globes, 1744, 1745.

Tables, Meteorological, various, page 16.

,, Thermometric, page 16.

Tantalus Cup, 1090.

Taper Holder, 747.

Taps, Steam, 1817.

,, Gauge, 1816.

Taylor's Hot Air Bath, 756.

Telegraph, Electro-Magnetic, 1003.

Telescopes, Achromatic, Pocket, 1355 to 1361.

,, Astronomical, 1383 to 1338.

Cases, 1362.

Day and Night, 1363.

Deck, 1372.

Marine, 1363, 1364.

Midshipman's, 1371.
94““
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Telescopes, Military, 1377 to 1381.

,, Navy, 1370.

,, Neg-retti 8: Zambra's Binocular, 1376.

,, ,, improved, 1382.

,, Night Erect, 1367, 1368.

,, Night Inverting, 1369.

,, Pilot, 1365, 1366.

,, Signal Station, 1383.

,, Stands, 1347 to 1350.

,, with compass, 1385.

Tellurians, 1752.

Tents, Moginie's, page 161.

,, Portable Photographic, 1862, 1866.

Terrestrial Rotating Magnet, 991.

Test Chests, Agricultural, 769 to 771.

,, Chemical, 760 to 768.

,, Toxicological, 775 to 777.

Glasses, 524 to 529.

Lines, Nobert's system, 1182'.

Mixers, 450.

Objects for microscope, 1209.

Papers, 755.

Tubes, 530.

,, Tube Brushes, 628, 748.

,, ,, Stands, 749 to 753.

Theodolites, 1484 to 1491.

,, Everest’s, 1495, 1496.

,, Transit, 1492 to 1494.

Theme-Electric Apparatus, 1014 to 1016.

Thermometer, air, 194.

,, alcohol, 192.

,, bath, 164.

,, beehive, 188.

,, Board of Trade, 179, 180.

Y!
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boiling-point, 139, 190.

botanical, 140 to 146, 149.

brewers’, 150 to 165.

n n nge tun, 163.

,, ,, standard reference, 156 to

162.

,, chemical. 165 to 171.

,, compound bar metallic, 104.

,, dairy or milk, 183.

,, deep sea sounding, 177.

,, ,, self-registering, 178.

,, Electro, Harris’s, 2096.

,, experimental, 195 to 197.

,, for temperature of the earth, 148.

,, hot air, 198.

,, hot-bed, 147.

,, insulated, 172 to 174.



�1�0�7�,�H�O�L�B�O�R�N�H�I�L�L�,�1�, �H�A�T�T�O�N�G�A�R�D�E�N�,�A�N�D�5�9�, �C�O�R�N�H�I�L�L�,�L�O�N�D�O�N�.�1�9�9

�T�h�e�r�m�o�m�e�t�e�r�,�L�e�s�l�i�e ��s�d�i�f�f�e�r�e�n�t�i�a�l�,�1�9�3�.

�,�, �N�e�g�r�o�t�t�i�a�n�d�Z�a�m�b�r�a�'�s�h�o�r�t�i�c�u�l�t�u�r�a�l
�m�i�n�i�m�u�m�,�1�3�2�.

�p�a�t�e�n�t�s�t�a�n�d�a�r�d�m�a�x�i�m�u�m�,�7�)  ��1

�4�, �1�2�4�.
�,�, �,�, �p�a�t�e�n�t�s�t�a�n�d�a�r�d�m�e�r�c�u�r�i�a�l

�m�i�n�i�m�u�m�,�1�0�, �1�3�1�.

�,�, �,�, �s�m�a�l�l�m�a�x�i�m�u�m�a�n�d�m�i�n�i
�m�u�m�,�1�3�9�.

�,�, �,�, �s�o�l�a�r�r�a�d�i�a�t�i�o�n�,�6�, �1�2�5�.
�n �,�, �i�n�v�a�c�u�u�m�,�7�, �1�2�6

�,�, �,�, �s�t�a�n�d�a�r�d�m�i�n�i�m�u�m�,�8�, �1�2�9�.

�,�, �,�, �t�e�r�r�e�s�t�r�i�a�l�r�a�d�i�a�t�i�o�n�,�9�.

�,�, �o�n�b�o�x�w�o�o�d�s�c�a�l�e�s�,�9�2�t�o �9�5�.

�,�, �w�i�t�h�g�l�a�s�s�s�h�a�d�e�s�a�n�d�v�a�r�i�o�u�s�m�o�u�n�t
�i�n�g�s�,�1�1�4�.

�,�, �o�n�s�t�a�n�d�s�,�w�i�t�h�s�h�a�d�e�s�,�1�0�8�t�o �1�1�3�.
�,�, �o�v�e�n�,�1�8�1�,�1�8�2�.

�,�, �p�o�c�k�e�t�,�c�i�r�c�u�l�a�r�,�1�0�1�t�o �1�0�3�.

�,�, �i�n�l�e�a�t�h�e�r�c�a�s�e�s�,�9�6�t�o �9�8�.
�,�, �o�v�a�l�,�b�o�x�w�o�o�d�a�n�d�i�v�o�r�y�,�9�9�,

�1�0�0�.

�,�, �P�h�i�l�l�i�p�s�'�s�e�l�f�-�r�e�g�i�s�t�e�r�i�n�g�m�a�x�i�m�u�m�,
�1�2�2�,�1�2�3�.

�B�u�t�h�e�r�f�o�r�d�'�s�d�i�t�t�o�, �1�2�0�,�1�2�1�.
�s�e�l�f�-�r�e�g�i�s�t�e�r�i�n�g�m�i�n�i�m�u�m�;

�1�2�7�,�1�2�8�.

�,�, �S�i�x ��s�s�e�l�f�-�r�e�g�i�s�t�e�r�i�n�g�m�a�x�i�m�u�m�a�n�d
�m�i�n�i�m�u�m�,�1�3�3�t�o �1�3�8�.

�s�o�a�p�b�o�i�l�e�r�s ��,�1�8�4�.
�s�t�a�n�d�a�r�d�,�1�1�.

�S�t�a�n�d�,�G�l�a�i�s�h�e�r ��s�,�2�7�.

�s�t�e�a�m�p�r�e�s�s�u�r�e�,�1�8�6�.
�s�u�g�a�r�b�o�i�l�e�r�s�'�,�1�8�5�.
�s�u�p�e�r�-�h�e�a�t�e�d�s�t�e�a�m�,�2�1�3�.
�s�u�r�g�i�c�a�l�,�1�7�5�,�1�7�6�.
�t�r�a�v�e�l�l�i�n�g�,�N�e�g�r�e�t�t�i�a�n�d�Z�a�m�b�r�a�'�s

�i�m�p�r�o�v�e�d�,�1�0�5�t�o �1�0�7�.
�,�, �v�a�c�u�u�m�p�a�n�,�1�8�7�.

�,�, �w�i�n�d�o�w�,�o�n�b�r�a�c�k�e�t�,�1�1�5�t�o �1�1�9�.
�T�h�r�e�e�m�i�n�u�t�e�G�l�a�s�s�e�s�,�2�1�2�1�.

�T�h�u�n�d�e�r�C�l�o�u�d�A�p�p�a�r�a�t�u�s�,�8�5�4�.
�,�, �H�o�u�s�e�,�E�l�e�c�t�r�i�c�a�l�,�8�5�5�.

�T�i�l�l�e�y ��s�W�a�t�e�r�P�r�e�s�s�u�r�e�B�l�o�w�p�i�p�c�,�6�1�5�.
�T�i�m�e�G�l�a�s�s�e�s�,�2�1�1�8�t�o �2�1�2�9�.
�T�i�n�t�e�d�G�l�a�s�s�,�P�h�o�t�o�g�r�a�p�h�i�c�,�1�9�2�9�.
�T�o�b�a�c�c�o�P�i�p�e�,�b�r�a�s�s�,�6�2�7�.
�T�o�n�g�s�,�C�r�u�c�i�b�l�e�,�6�4�6�.
�T�o�p�s�,�C�o�l�o�u�r�,�1�2�5�4�.
�T�o�p�s�,�C�o�l�o�u�r�,�D�r�.�G�o�r�h�a�m ��s�K�a�l�e�i�d�o�s�c�o�p�i�c�,�1�2�5�4�.
�T�o�r�r�i�c�e�l�l�i�a�n�E�x�p�e�r�i�m�e�n�t�,�1�0�6�7�.
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� 
�T�o�u�r�m�a�l�i�n�e�s�,�1�1�8�4�,�1�4�7�2�.

�,�, �a�r�t�iû��c�i�a�l�,�1�4�7�3�.
�T�r�a�c�i�n�g�P�a�p�e�r�,�1�7�4�1�.
�T�r�a�n�s�f�e�r�r�e�r�,�S�i�n�g�l�e�a�n�d�D�o�u�b�l�e�,�1�0�4�5�,�1�0�4�6�.
�T�r�a�n�s�i�t�I�n�s�t�r�u�m�e�n�t�,�1�3�4�0�t�o �1�3�4�2�.
�T�r�a�n�s�p�a�r�e�n�t�S�c�r�e�e�n�s�f�o�r�D�i�s�s�o�l�v�i�n�g�V�i�e�w�s�,�1�4�3�9�.
�T�r�a�v�e�l�l�i�n�g�C�a�s�e�s�a�n�d�B�o�x�e�s�f�o�r �p�h�o�t�o�g�r�a�p�h�i�c

�a�p�p�a�r�a�t�u�s�,�1�9�2�4�t�o �1�9�2�7�.
�T�r�a�y�s�,û��a�t�p�o�r�c�e�l�a�i�n�,�5�3�3�.

�,�, �g�l�a�s�s�,�5�3�4�.

�o�r�F�r�a�m�e�s�f�o�r�p�h�o�t�o�g�r�a�p�h�i�c�p�o�r�t�r�a�i�t�s�,
�1�9�6�2�.

�,�, �W�a�s�h�i�n�g�,�1�8�7�6�t�o �1�8�8�3�.

�T�r�i�a�n�g�l�e�s�,�s�t�e�e�l�,�1�7�2�6�.

�T�r�i�a�n�g�u�l�a�r�D�r�a�w�i�n�g�C�o�m�p�a�s�s�e�s�,�1�6�5�5�,�1�6�5�6�.
�T�r�i�n�k�e�t�C�o�m�p�a�s�s�e�s�.�1�5�7�0�.

�T�r�o�c�h�i�a�m�e�t�e�r�,�1�5�4�1�.

�T�r�o�u�g�h�s�,�G�a�l�v�a�n�i�c�B�a�t�t�e�r�y�,�9�1�8�t�o �9�2�1�.

�,�, �M�e�r�c�u�r�i�a�l�,�5�7�0�,�5�7�1�,�7�0�3�.

�T�r�u�m�p�e�t�s�,�S�p�e�a�k�i�n�g�,�2�1�3�3�.
�T�S�q�u�a�r�e�s�,�1�7�2�1�t�o �1�7�2�4�.
�T�u�b�e�s�,�A�i�r�J�a�r�, �3�0�8�.

�,�, �A�n�i�m�a�l�c�u�l�m�a�n�d�F�i�s�h�i�n�g�,�1�1�9�2�,�1�1�9�3�'
�,�, �a �s�e�r�i�e�s�o�f �s�i�x�,�t�o �i�l�l�u�s�t�r�a�t�e�c�a�p�i�l�l�a�r�y

�a�t�t�r�a�c�t�i�o�n�,�1�1�0�0�.

�,�, �B�e�r�l�i�n�p�o�r�c�e�l�a�i�n�,�3�5�3�.
�,�, �B�o�t�t�l�e�s�,�3�7�1�,�3�7�2�.

�C�h�l�o�r�i�d�e�o�f �C�a�l�c�i�u�m�,�5�5�1�t�o �5�5�3�.

�C�o�m�p�a�s�s�e�s�,�1�6�7�0�,�1�6�7�1�.

�C�o�n�d�u�c�t�i�n�g�,�b�e�n�t�,�5�6�7�.
�,�, �V�s�h�a�p�e�,�5�6�1�.

�,�, �c�u�b�i�c�i�n�c�h�,�3�8�8�.

�,�, �d�e�s�s�i�c�a�t�i�n�g�,�3�9�7�t�o �3�9�9�.
�,�, �d�r�o�p�p�i�n�g�,�3�9�4�.

�D�r�y�i�n�g�,�5�5�8�.
�F�l�a�s�k�s�,�5�3�1�.

�g�r�a�d�u�a�t�e�d�g�a�s�,�4�2�6�.
�P�u�l�s�e�,�4�6�2�.

�R�e�c�e�i�v�e�r�s�,�4�8�8�.
�R�e�d�u�c�t�i�o�n�,�4�6�3�t�o �4�6�5�.

�R�e�t�o�r�t�s�,�4�7�4�.

�s�e�t �o�f �f�o�u�r�,�f�o�r �e�1�p�e�r�i�m�e�n�t�s�w�i�t�h�a�i�r�,
�1�0�7�8�.

�S�p�i�r�i�t�L�e�v�e�l�,�1�5�0�9�.
�S�u�c�t�i�o�n�,�5�5�7�.

�3�-�1�i�m�b�,�5�5�9�.
�L�e�t�t�e�r�Z�, �5�6�0�.

�V�,�f�o�r�d�e�c�o�m�p�o�s�i�t�i�o�n�,�9�1�4�.
�U�,�f�o�r�d�i�t�t�o�, �4�8�4�,�5�6�1�.

�,�, �v�u�l�c�a�n�i�s�e�d�c�a�o�u�t�c�h�o�u�c�,�6�3�3�.

�T�u�b�i�n�g�,�c�o�m�b�u�s�t�i�o�n�,�G�e�r�m�a�n�g�l�a�s�s�,�4�3�3�,�5�4�8�.
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�2�0�0 �S�C�I�E�N�T�I�F�I�C�I�N�S�T�R�U�M�E�N�T�S�M�A�N�U�F�A�C�T�U�R�E�D�B�Y�N�E�G�R�E�T�T�I�&�Z�A�M�B�R�A�,

�T�u�b�i�n�g�,û��i�n�t�g�l�a�s�s�,�4�3�2�.
�,�, �G�e�r�m�a�n�g�l�a�s�s�,�4�3�1�.

�T�u�m�b�l�e�r ��s�,�B�e�a�k�e�r�,�3�5�7�.

�T�u�r�p�e�n�t�i�n�e�B�u�l�b�s�,�6�7�3�.
�T�w�a�d�d�e�l�l ��s�H�y�d�r�o�m�e�t�e�r�(�n�o�H�y�d�r�o�m�e�t�c�r�s�)�.

�U�n�a�n�n�e�a�l�e�d�G�l�a�s�s�,�1�4�7�4�.
�U�n�d�e�r�s�h�o�t�W�h�e�e�l�,�m�o�d�e�l�o�f�, �1�1�0�7�.
�U�n�i�v�e�r�s�a�l�S�u�n�D�i�a�l�s�,�1�6�0�3�t�o �1�6�0�5�.

�U�r�e�'�s�E�u�d�i�o�m�c�t�e�r�,�4�0�3�.
�,�, �N�i�t�r�o�g�e�n�A�p�p�a�r�a�t�u�s�,�5�6�3�,�5�6�4�.
�,�, �S�t�e�a�m�A�p�p�a�r�a�t�u�s�,�1�7�9�1�.

�U�r�i�n�o�m�e�t�e�r�s�,�2�7�9�t�o �2�8�3�.

�,�, �m�e�t�a�l�,�2�8�4�.
�,�, �T�e�s�t�P�a�p�e�r�,�2�8�5�.

�U�T�u�b�e�s�,�4�8�4�,�5�6�1�.

�V�a�c�u�u�m�G�a�u�g�e�,�2�2�0�t�o �2�2�4�,�1�0�4�7�.
�V�a�l�e�n�t�i�n�e ��s�D�i�s�s�e�c�t�i�n�g�K�n�i�f�e�,�1�1�7�5�.
�V�a�r�l�e�y�'�s�T�e�l�e�s�c�o�p�e�S�t�a�n�d�,�1�3�5�0�.
�V�i�b�r�a�t�i�n�g�S�t�e�a�m�E�n�g�i�n�e�s�,�m�o�d�e�l�s�o�f�, �1�8�0�8�.

�V�i�c�e�f�o�r�t�a�b�l�e�,�7�5�8�.
�V�i�e�w�L�e�n�s�e�s�,�1�8�2�1�.
�V�i�e�w�s�,�c�o�l�o�u�r�e�d�a�n�d�i�l�l�u�m�i�n�a�t�e�d�,�2�0�8�2�,�2�0�8�3�.

�,�, �f�o�r�D�i�s�s�o�l�v�i�n�g�V�i�e�w�a�p�p�a�r�a�t�u�s�,�1�4�3�6�.
�,�, �f�o�r�M�a�g�i�c�L�a�n�t�e�r�n�,�1�4�1�8�.
�,�, �P�h�o�t�o�g�r�a�p�h�i�c�f�o�r�d�i�t�t�o�, �1�4�3�7�.
�,�, �f�o�r�P�o�l�y�o�r�a�m�a�,�1�2�7�2�.
�,�, �S�t�e�r�e�o�s�c�o�p�i�c�,�g�l�a�s�s�a�n�d�p�a�p�e�r�,�2�0�7�8�t�o

�2�0�8�2�.

�V�i�g�n�e�t�t�e�G�l�a�s�s�P�l�a�t�e�s�,�p�a�g�e�1�6�7�a�n�d�1�9�2�8�.
�V�o�i�g�t�l�a�n�d�e�r�o�r�V�i�e�n�n�a�L�e�n�s�e�s�,�1�8�2�5�.

�,�, �O�r�t�h�o�s�c�o�p�i�c�L�e�n�s�e�s�,�1�8�2�6�,�1�8�2�7�.

�V�o�l�t�a ��s�C�o�u�r�o�n�n�e�d�e �T�a�s�s�e�,�s�i�l�v�e�r �a�n�d�z�i�n�c
�w�i�r�e�s�f�o�r�, �8�8�3�.

�,�, �E�l�e�c�t�r�o�p�h�o�r�o�u�s�,�8�0�0�.
�,�, �E�u�d�i�o�m�e�t�e�r�,�4�0�2�.
�,�, �P�i�l�e�,�8�8�1�.

�V�T�u�b�e�f�o�r�d�e�c�o�m�p�o�s�i�n�g�n�e�u�t�r�a�l�s�a�l�t�s�,�9�1�4�.
�V�u�l�c�a�n�i�z�e�d�I�n�d�i�a�R�u�b�b�e�r�T�u�b�e�,�2�0�9�1�.

�W�a�s�h�i�n�g�B�o�t�t�l�e�s�,�3�7�3�,�3�7�4�.
 � �D�i�s�h�e�s�a�n�d�T�r�a�y�s�,�1�8�7�6�t�o �1�8�8�3�.

�\�V�a�t�c�h�C�o�m�p�a�s�s�e�s�,�1�5�7�4�.
�,�, �G�l�a�s�s�e�s�,�5�3�5�.

�W�o�t�c�h�m�a�k�e�r�s ��M�a�g�n�iû��e�r�s�,�1�2�3�1�.
�\�V�a�t�e�r�B�a�t�h�s�,�3�5�4�,�5�3�7�.
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�W�a�t�e�r�B�o�t�t�l�e�,�5�3�8�.

�,�, �,�, �E�l�a�s�t�i�c�,�2�0�0�0�.
�W�a�t�e�r�C�o�l�o�u�r�s�,�1�7�3�9�.

�H�a�m�m�e�r�s�,�5�3�6�,�1�0�8�2�.

�o�r�L�iû��P�u�m�p�,�m�o�d�e�l�o�f�, �1�0�7�1�,�1�7�0�2�.
�R�a�m�,�M�o�n�g�o�lû��e�r ��s�,�1�0�9�6�.
�T�r�o�u�g�h�s�,�g�l�a�s�s�1�4�5�2�.

�,�, �W�h�e�e�l�s�,�m�o�d�e�l�s�o�f�, �1�1�0�7�t�o �1�1�0�9�.

�W�a�t�t�s�'�L�o�w�a�n�d�H�i�g�h�P�r�e�s�s�u�r�e�S�t�e�a�m�E�n�g�i�n�e�s�,

�m�o�d�e�l�s�o�f�, �1�7�9�8�,�1�7�9�9�.
�\�a�n�e�s�o�f �t�h�e �S�e�a�,�i�n�s�t�a�n�t�a�n�e�o�u�s�s�t�e�r�e�o�s�c�o�p�i�c

�p�i�c�t�u�r�e�s�o�f�, �2�0�8�3 ��.
�W�e�i�g�h�i�n�g�M�a�c�h�i�n�e�,�1�8�1�9�.

�W�e�i�g�h�t�s�,�D�e�c�i�m�a�l�,�6�5�5�.

�,�, �G�r�a�i�n�,�S�t�a�n�d�a�r�d�,�7�2�6�,�7�2�7�.
�W�h�e�a�t�s�t�o�n�e�'�s�A�n�o�r�t�h�o�s�c�o�p�e�,�1�2�6�8�.
�W�h�e�e�l�s�,�d�i�f�f�e�r�e�n�t�f�o�r�m�s�o�f�, �1�7�8�4�.

�W�h�o�l�e�a�n�d�H�a�l�f�D�r�a�w�i�n�g�C�o�m�p�a�s�s�e�s�,�1�6�6�0�.
�W�h�i�r�l�i�n�g�T�a�b�l�e�,�1�7�8�2�.
�\�V�h�i�r�l�s�,�E�l�e�c�t�r�i�c�a�l�,�8�5�0�,�8�5�1�.
�W�h�i�s�t�l�e�s�,�S�t�e�a�m�,�1�8�1�5�.
�W�i�l�l�a�n�d�V�a�r�r�e�n�t�r�a�p�'�s�N�i�t�r�o�g�e�n�A�p�p�a�r�a�t�u�s�,�5�6�5�.
�W�i�l�l�'�s�A�p�p�a�r�a�t�u�s�f�o�r�A�l�k�a�l�i�e�s�,�5�7�8�.
�W�i�n�d�G�a�u�g�e�s�,�1�7�t�o �2�0�.
�W�i�n�d�l�a�s�s�,�m�o�d�e�l�o�f�, �1�7�8�6�.

�W�i�n�d�m�i�l�l�s�f�o�r�A�i�r�P�u�m�p�,�1�0�7�6�.
 ��V�i�r�e�C�a�g�e�f�o�r�B�r�e�a�k�i�n�g�S�q�u�a�r�e�s�,�1�0�6�3�.

�,�, �C�o�n�d�u�c�t�i�n�g�,�9�2�6�,�1�0�2�7�.

�c�o�v�e�r�e�d�w�i�t�h�c�o�t�t�o�n�,�s�i�l�k�,�g�u�t�t�a�p�e�r�c�h�a�,

�&�c�.�, �1�0�0�6�.
�,�, �G�a�u�z�e�,�7�5�9�.

�g�o�l�d�,�s�i�l�v�e�r�,�p�l�a�t�i�n�u�m�,�c�o�p�p�e�r�,�&�c�.�(�a�n
�E�l�e�c�t�r�o�t�y�p�e�A�p�p�a�r�a�t�u�s�)�,�p�a�g�e�8�6�.

�W�o�l�l�a�s�t�o�n ��s�C�r�y�o�p�h�o�r�o�u�s�,�3�8�7�.
�,�, �G�a�l�v�a�n�i�c�B�a�t�t�e�r�y�,�8�8�7�.
�,�, �G�o�n�i�o�m�e�t�e�r�,�1�2�6�7�.
�,�, �S�t�e�a�m�A�p�p�a�r�a�t�u�s�,�1�7�9�2�.

�W�o�o�l�w�i�c�h�S�e�t�o�f �D�r�a�w�i�n�g�I�n�s�t�r�u�m�e�n�t�s�,�1�6�2�3�.
�W�o�u�l�t�l�'�e�'�s�B�o�t�t�l�e�s�,�5�4�5�t�o �5�4�7�.

�W�r�i�t�i�n�g�D�i�a�m�o�n�d�s�,�1�1�9�6�.

�n�e ��w

�Y�L�e�v�e�l�,�b�e�s�t�,�1�5�0�4�t�o �1�5�0�6�.
�Y�o�u�t�h�s�'�C�h�e�m�i�c�a�l�C�a�b�i�n�e�t�s�,�7�6�0�t�o�7�6�3�.

�Z�i�n�c�a�n�d�C�o�p�p�e�r�P�l�a�t�e�s�s�o�l�d�e�r�e�d�t�o�g�e�t�h�e�r�,�8�8�2�.
�,�, �,�, �w�i�t�h�g�l�a�s�s�h�a�n�d�l�e�s�,�8�8�4�.

�Z�i�n�c�P�l�a�t�e�s�A�m�a�l�g�a�m�a�t�e�d�,�9�2�5�1�0�2�8�. �-

�*�.�* �T�h�cû��g�u�r�e�a�i�n �t�h�i�s�I�n�d�e�x�r�e�f�e�r�t�o �t�h�e�n�u�m�b�e�r�s�o�n�t�h�e�m�a�r�g�i�n�o�f�e�a�c�h�p�a�g�e�o�f �t�h�e�C�a�t�a�l�o�g�u�e�.

�L�o�n�d�o�n�:�-�P�r�1�n�t�e�d�b�y�A�L�I�-�a�m�B�o�o�-�r�,�D�o�c�k�h�e�a�d�,�8�.�1�5�.

�2�7�S�E�5�9



� 

�M�A�T�H�E�S�O�N ��S�N�E�G�A�T�I�V�E�C�O�L�L�O�D�I�O�N�,

�S�P�E�C�I�A�L�L�Y�P�R�E�P�A�R�E�D�F�O�R�I�R�O�N�D�E�V�E�L�O�P�M�E�N�T�.

�M�e�s�s�r�s�.�N�E�G�R�E�T�T�I�a�n�d�Z�A�M�B�R�A�b�e�g�t�o �c�a�l�l�t�h�e�a�t�t�e�n�t�i�o�n�o�f �P�h�o�t�o�g�r�a�p�h�e�r�s�t�o �t�h�e

�a�b�o�v�e�C�o�l�l�o�d�i�o�n�,�p�r�e�p�a�r�e�d�b�y�t�h�e�i�r�P�r�i�n�c�i�p�a�l�A�s�s�i�s�t�a�n�t�a�t �t�h�e�C�r�y�s�t�a�l�P�a�l�a�c�e�,�S�y�d�e�n�h�a�m�.

�I�t �h�a�s�t�h�e�d�e�s�i�r�a�b�l�e�p�r�o�p�e�r�t�i�e�s�o�f �g�i�v�i�n�g�g�r�e�a�t�i�n�t�e�n�s�i�t�y�a�n�d�d�eû��n�i�t�i�o�n�,�a�n�d�i�s �s�p�e�c�i�a�l�l�y

�a�d�a�p�t�e�d�f�o�r�s�u�b�j�e�c�t�s�i�n�d�iû��'�e�r�e�n�t�l�y�i�l�l�u�m�i�n�a�t�e�d�,�o�r�f�o�r�i�n�t�e�r�i�o�r�s�.

�F�u�l�l�d�i�r�e�c�t�i�o�n�s�f�o�r�m�a�k�i�n�g�t�h�e�B�a�t�h�b�e�s�t�s�u�i�t�e�d�f�o�r�i�t�s �u�s�e�a�n�d�d�e�v�e�l�o�p�i�n�g�a�c�c�o�m�p�a�n�i�e�s

�e�a�c�h�B�o�t�t�l�e�. �S�o�l�d�i�n �s�e�p�a�r�a�t�e�s�o�l�u�t�i�o�n�s�,�a�t �1�2�s�.�6�d�.�p�e�r�1�b�.�,�i�n �q�u�a�n�t�i�t�i�e�s�o�f �n�o�t�l�e�s�s�t�h�a�n

�f�o�u�r�o�u�n�c�e�s�;�s�m�a�l�l�b�o�t�t�l�e�s�,�2�s�.�6�d�.

�F�o�r�e�x�p�o�r�t�,�t�h�e�C�o�l�l�o�d�i�o�n�c�a�n�b�e�s�u�p�p�l�i�e�d�i�n �h�e�r�m�e�t�i�c�a�l�l�y�s�e�a�l�e�dû��a�s�k�s�.

�A�l�l�r�e�c�e�n�t�l�y�p�u�b�l�i�s�h�e�d�W�o�r�k�s�o�n�P�h�o�t�o�g�r�a�p�h�y�k�e�p�t�i�n �s�t�o�c�k�.

 ��*�M�W�M�A ��N�w�-�J

�N�E�G�R�E�T�T�I�&�, �Z�A�L�I�B�R�A�,

�N�o�. �1�, �H�A�T�T�O�N�G�A�R�D�E�N�;�1�0�'�7�, �H�O�L�B�O�R�N�H�I�L�L�;�a�n�d�5�9�, �C�O�I�R�N�H�I�L�L�v

�L�O�N�D�O�N�,�E�.�C�.
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