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ARCHER & SONS' IMPROVED

Optical Magic Lanterns,
TWO PRIZE MEDALS AWARDED,

BOTH OIL AND LIMELIGHT,

Have proved by public competition to be superior to all others.

13iRefIER
& SONS'
1\7- W M CS la
EDUCATIONAL & SCIENTIFIC LANTERN.
Limelight
Jet, with
Screw Adjustment for centring; prism for erecting, also for
vertical
projection
; Triple
Condenser, 41m. diameter; Double Combination Front
Lens, Sin, to 15in. focus; Special Cut-off Tap, allowing Lantern to be instantly turned
nearly out, or full on, with one movement.
The Cheapest and Best Educational Lantern on the Market. Price £7 10s.

See Reports in the British journal of Photography.

The " Ideal " Lantern.

The most perfect Single Lan-

tern in the market. Enthusiastic Testimonials from Paul

Lange, Esq., G. E. Thompson,
Esq., F. Anyon, Esq., Manchester Camera Club, & many
others. Will show to perfec-

tion any distance up to 100
feet from the screen. PRICE
£8 15s. complete, or PLAINER
FINISH, £6 6s. complete.
Ready for use.
THE Lantern of the Future.
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The " Ideal " Dissolver and Carrier Frame.
The most perfect ever invented for Single Lanterns.

Highly praised.

Archer's Celebrated " Blo=thro " Safety Jet, 161=
Used by members of the "Lantern Society,"

London, who say it has just
been tried against the "Injector," and other "Special"
Jets,inand proved
superior to all. (See their Letter.) We have no hesitation
saying it is
now the finest Safety Jet in the world, and has the largest sale.
PRICE
16/-; Lime-Light Jets from 8/6.
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--- -,,_,With Mahogany and Rosewood Body, £4 10s.

The " Photinus " (Registered).

The most powerful Oil Lantern in the World. PRICE £4 4s.

The " Unilux " New Patent Bi=Unial,
Two Lanterns with only One Light.

FULL-SIZED LANTERNS from

£1 1s. to £100.

1

New " Opaque " (Backed) Lantern Screens.
The Finest Screen extant.

See Testimonial from the Manchester Photo
Society after trying all others. PRICES, 15/6 upwards.

SW Illustrated Price Lists, many Novelties, post free, One Stamp.
One of the finest and largest Stocks of Slides in the Kingdom, at most Reasonable
Prices. Slides of Every Description made to Order.

ARCHER & SONS,
Xantern %pecialist6 ant) II1Sannfacturers,

43 to 49, LORD STREET. LIVERPOOL.

SATURATORS.The New "Pendant," 35/-; The "Timberlake," 35/-. With Jet
combinedTimberlake's, 45/-; Lawson's, 50/-; The "Gridiron," 57/,
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CELEBRATED EXTRA HARD LIME

For the Limelight.

CYLINDERS,

These are the hardest and most reliable Limes known,. and give the most brilliant
light. Try them! PfIce 2/6 per tin of one dozen; or m the new glass cases, each
Lime hermetically sealed, 2/6 per box of six.

LANTERN JET for Incandescent Gas Light.

This Jet is provided for supporting the new incandescent
gas burners in the lantern,
by means of which the light can be easily centred when used
ordinary lime-light tray. Price 5/- in conjunction with the
Tray, with upright Rod, 1,6. Russian Iron Tops, 118 and 2/-.

TINTERS To fit the hoods of Lenses on ordinary
Very transparent.
Making Beautiful Effects, Sunset, Moonlight, &c. PriceLanterns.
1/- per set of five, in case;
post free, 1/2.

ESTABLISHED 1848.

Makers of the New Extraordinary Lantern for the "Sunlight" Soap Works.
Dark-Room for trying Lanterns, &c., on the premises. Workshops on the premises.

ARCHER & SONS, spzcagfir,nt, LIVERPOOL.

R. R. BEARD

10, Trafalgar Road,
Old Kent Road, S.E.

OPTICAL INSTRUMENT

Franks' "Presto" Lantern.

MAKER.

BEARD'S ECLIPSE CARRIERS
FOR PRODUCING DISSOLVING
IN SINGLE LANTERN.

Science Lanternfitted
with all move, ments. From £7 7s.

Various improvements have been made in this
Lantern, ensuring a great saving in time of
adjustment and attachments.

New Shape Japanned Tin Lantern, with Dome-shape Top, Japanned Tin

Stage, and Front Tube and Sliding Tube with brass 0.0. Fitted with 4in. Planoconvex Compound Condensers in brass cell, and Double Combination Achromatic
Front Lenses in brass mount, with rack and pinion adjustment, and with a 3-wick
Russian Iron Paraffin Lamp, with Jointed Russian Iron Chimney. Price 19/6;
WITH FLASHING SHUTTER, EXTRA, 2/- ; STRONGLY-MADE CABINET, EXTRA, 3/..

Franks' " Presto " Oxy-Hydrogen Safety Blow-through Jet,
To burn Oxygen from Cylinder or Bag, and House Gas from Gas Jet.
Fitted with Cog-wheel Adjustment for turning, raising, or lowering
the lime, 7/6.

BEARD'S Compressed Gas
Regulator. 30s.

7/6
Linsur-

dur ability,
able under
tions. Perall
kinds
Lighting.

passed for
and retiall condifeet
of

for
Lime

Improved Balanced Shutter

or Flasher, edsimegilnlyg adiaXse d and
effecteffect pictures. The leaves remain in any

position, and is perfectly silent in working; only quarter the weight of ordinary
flashers.

Illustrated Catalogue
on Application.

A, & B, FRANKS, Opticians,
95 and 97, Deansgate,l MANCHESTER.
44, Market Street,
Illustrated Catalogues of Lanterns and Slides free.

Largest Stock of Lantern Slides in the Kingdom for Sale or Hire.

FOR USE WITH ORDINARY HOUSE GAS.

TROTTER'S

The "PRIMUS" Gas Lantern.

educational; eantern

(REGISTERED DESIGN 262,061.)

(IMPROVED MODEL).

MOST CONVENIENT,
COMPACT,

COMPLETE LANTERN EXTANT.
DESCRIPTION.
Substantially made of Russian
Iron and Brass, nicely finished.
Bellows front.
4-inch Condenser.
Massive Double Pinion.
Achromatic Lens, fitted with the
Incandescent Gas Burner.
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The whole is packed in a neat Stained
and Varnished Case, lock and key, with
Drawer for Sundries, and with Leather
Strap-carrying Handle, forming a very
Compact Outfit.

showing slides, projecting

experiments without inversion,

Vertical projection, and for giving

parallel beam for optical
experiments.

......................................................

compact made, quickly
set up, suitable for any
Lantern.

Price 25$.
Manufacturers :

denser.

Complete with Safety
or mixing jet, and two
carriers, £7 5s. ;
strong case for ditto,

Send for List of Lanterns and Slides.

the Stanley Pho-

tographic Exhibition, 1895.

titc

Mechanical

15s.
Nottingham Limes, in Glass Tubes, 2s. 3d. per box of 6.

Special Bronze
Medal awarded
to the "Primus"
Gas Lantern at

W. BUTCHER

SON,

Blackheath, London, S.E.
To be obtained of all Dealers.

Screw Centring
Adjustments to jet.

TRIPLE Con-

(Patent applied for.)

so
in-

lining and Special

interchangeable
Double Combination Front Lens,

Substantial and abso-

jection.
Cut-off Tap,
that light can

Made of seasoned
with

Russian iron

bantern Stand.

Prism for erecting image, Prism
for Vertical prostantly be turned full
on or nearly out.

Mahogany,

" PRIMUS"

rigid, the most
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BEST Lantern for all purposes,

Price £6 6s., complete.

lutely
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Write for full Speciality List.

JOHN TROTTER,
LANTERN MANUFACTURER, &C.,

28, Gordon Street, Glasgow.

pnr..r.mnyisit
LANTERN LENSES.
A FLAT FIELD.

EQUALITY
OF

ABSOLUTE

ILLUMINATION.

NEW TEMPERANCE SLIDES

Prepared in superior style by the United Kingdom Band of Hope Union. Detailed
List on Application.

ILLUSTRATED HYMNS.
An excellent and attractive series, from drawings by Frank F. Weeks. Each slide
contains a portion of the hymn, in large clear type, surrounded by an ingenious
tablet design, and accompanied by pictorial representations of the subject referred to
in the words.

DEFINITION.
A PERFECTLY
ACHROMATIC
IMAGE.

FREEDOM
FROM

DISTORTION.
HIGHEST
SPECIALLY
CORRECTED

FINISH.

FOR LANTERN

USED BY
THE FOREMOST

WORK.

OPERATORS.

FROM £4.

FROM £4.

PRICES OF LENSES AND CONDENSERS ON APPLICATION.

J. H. DALLNIEYR, Limited,

SAMSON, THE STRONGEST MAN, FROM ALL STRONG DRINK ABSTAINED.

0 THOU WHOSE CHOSEN PLACE OF BIRTH. 3 Slides.

How CAN HE LEAVE THEM? 4 Slides.
LOOK NOT UPON THE WINE WITH ITS RUBY GLOW. 3 Slides.

SOFTLY THE DRUNKARD'S WIFE BREATHES FORTH HER PRAYER. 2 Slides.
YOU'RE STARTING TO-DAY ON LIFE'S JOURNEY. 3 Slides.
SEEK NOT THE DRINK THAT BRIGHTLY GLOWS. 2 Slides.

POPULAR RECITATIONS, &c.
Two PICTURES OF SLAVERY. 4 Slides, Recitation, Id.
THE DEATH OF PRINCE WILL/AM. 6 Slides. Recitation, Id.
THE DROVER'S STORY. 4 Slides. Recitation, id.

SMOKING AND JOKING. 3 Slides (humorous). Recitation, id.
JUDKINS' FRIGHT. 4 Slides (humorous). Recitation, id.

I ONLY TAKE A LITTLE WINE. 6 Slides. Recitation, id.
DIP YOUR ROLL IN YOUR OWN POT. 6 Slides, Recitation, id.
WHAT HAVE You DONE TO-DAY? 4 Slides. Recitation, id.
BEWARE OF THE TRAP, 4 Slides. Recitation, Id.
JACK AND GILL. 2 Slides. Recitation, id.

Optical Manufactory, 25, Newman Street, LONDON, W.

MASON'S
LANTERN MICROSCOPE
(see Page

97),

COMPLETE FOR PROJECTION,

£4 17s. 6d.

2 Slides.

SAD IS THE DRUNKARD'S LIFE, WASTING IN CRIME. 4 Slides.
FRIENDS OF TEMPERANCE, WELCOME HERE 2 Slides.

LECTURE SETS.
A TEMPERANCE JOURNEY ROUND THE WORLD. 50 Slides. Reading, 6d.
THE TEMPERANCE PICTURE GALLERY. 40 Slides. Reading, 6d.
THE LITTLE CAPTAIN. 24 Slides. Reading, 6d.
ALCOHOL AND THE HUMAN BODY.

12 Slides (Coloured only).

Text Book, 2d.

ABSTINENCE AND HARD WORK. 12 Slides. Text Book, 6d.
ANATOMICAL DIAGRAMS. Showing effects of Alcohol on Stomach, Liver, Kidneys,

Heart, and Brain. 6 Slides (Coloured only). Text Book, id.
Plain ..
12/- per doz.
Smaller numbers ..
Well Coloured

..

24/-

do.

Packing and Postage extra.

1/3 each.
2/6

LANTERNS IN GREAT VARIETY,

and all accessories at the most moderate prices. Send for Catalogues.

SLIDES ON HIRE.

As supplied to Technical and Board Schools

Well-coloured Slides, carefully arranged in Sets, suitable for Complete Entertainments, with specially prepared Readings and Attractive Titles.

FIRST-CLASS WORK AT MODERATE PRICES.

Sets of 50 and upwards for 4s. 36 for 3s.

R. G. MASOlisl
(From J. SWIFT),

PATENTEE AND MANUFACTURER,
69, CLAPHAM PARK ROAD, CLAPHAM, S.W.
FULL PARTICULARS FOR STAMP. -ea

Societies arranging for Six Hirings this Season may have THE SIXTH SET
WITHOUT CHARGE FOR HIRE. Each Hiring must amount to not less than

3s. for the Slides. Play be sent Cheaply and Safely by Post.
Lanterns and other Apparatus on Hire at the most Reasonable Prices.
Send for full Particulars to THE TRADE MANAGER,

UNITED KINGDOM BAND OF HOPE UNION,
60, OLD BAILEY, LONDON, E.C.

.1%. C. W. LOCKE,
(13

Years Lanternist to B. J. MALDEN, Esq.)

INVENTOR, PATENTEE, & MANUFACTURER
OF

IMPROVED ELECTRIC, LIMELIGHT, and all Kinds of
High - Class Optical Lanterns, Lenses, Slides, and all

Accessories connected with Lantern Exhibitions.
WHOLESALE, RETAIL, de FOR EXPORT.

DEALER IN PHOTOGRAPHIC CAMERAS, LENSES, & SUNDRIES.

LANTERNS properly Corrected for Registration of Dioramic
Effects. The System used by C. W. Locke for Twenty-one
Years is the only Correct one, and gives the best Results.
Practical Lessons in the Manipulation of Lanterns, and the Pre-

paration of Photographic Transparencies as Slides, and the Colouring

of same on Reasonable Terms. Slides made for Lecturers from
drawings, engravings, photographs, and all sources, by means of
complete and perfect Apparatus recently set up.

C. W. LOCKE personally attends to operate for
Public Lecturers, and can Supply all Apparatus
necessary, or will operate Lecturer's Own.
C. W. LOCKE'S long public experience (nearly, a quarter of a century), during which
time he has given upwards of 3,000 exhibitions, will be a sufficient guarantee of
success. C. W. LOCKE has operated four times at the Royal Albert Hall, South
Kensington, before the PURE and DUCHESS OF TECK, the Minquis OF Loartz,
LADY HENRY SOMERSET, and many of the Nobility ; also at most of the Largest
Halls in London and the Provinces.

LIMELIGHT for Tableaux Vivants, Theatricals, Garden Parties, Balls, &e., &c.
LOCKE'S New Patent Mixed Jet and Jet Slides are now ready. The Jet is a

marvel of power, and was used by me at the Royal Albert Hall with great success,
giving a 351t. disc on a 37ft. 6in. screen (the largest ever hung there), at a distance
of 166ft. from the screen, the full available distance.

LANTERN PARTS for Amateurs a Speciality. Practical advice freely given.
High-Class Single Mahogany Oil Lantern, thoroughly well made, with four-wick
Lamp, from £3; with Stocks' Patent Lamp, from .23 12s. 6d. Good useful
Standard-size metal Lanterns, with three-wick Lamp, from 21s.

MODERN
MAGIC LANTERNS
A GUIDE TO

THE MANAGEMENT OF THE OPTICAL LANTERN,
FOR THE USE OF

ENTERTAINERS, LECTURERS, PHOTOGRAPHERS,
TEACHERS. AND OTHERS.

ILLUSTRATED.

BY

R. CHILD BAYLEY
(Assistant Secretary to the Royal Photographic Society).

LOCKE for Limelight
LOCKE for Lantern Limes.
LOCKE for Lanterns.
LOCKE for Lantern Lenses.
Bona-fide customers may see their Instruments in course of construction from the
Raw Material. Hours, 9 till 5; Saturdays, 9 till 1.

Mee & Works : 244 TOTTENHAM COURT ROAD W
Motto: High Efficiency, and no Misrepresentation.

LONDON:

L. IIPCOTT GILL, 170, STRAND. W.C.

BOOK ON THE MAGIC LANTERN. Contains complete instructions. PRICE 6d.

"OPTIMUS" MAGIC LANTERNS.
Suited for DRAWING ROOM and LECTURE HALL.

PREFACE,

Limelight may be adapted without alteration at an extra cost of' 16/Each Magic Lantern is efficient for Exhibitions. The Lens gives crisp dvfinition,
being a superior Achromatic Photographic Combination with rack and pinion. The
Condenser is composed of two plans-convex lenses of four inches diameter. The

Le fulgent Lamp has three wicks (or four wicks 2s. extra), yielding a brilliantlyilluminated picture. Each is complete in box.

SOME few months ago the writer was arranging a limelight
apparatus for advertising purposes, and was anxious to get a book
at a moderate price to place in the hands of the man, ignorant till

then of everything connected with the lantern, who was to
work it. None of the existing books fulfilled his requirements,

being either too elaborate on the one hand, or on the other,
while suitable in most respects, limited to the goods of some one

jgiNI:11

Japanned Metal Body.
Superior
30/-

Students' Lantern (to
take demonstrating
tank), with

Russian Iron Body,

Brass Sliding Tubes.

Brass Sliding Tubes,

firm of manufacturers. A similar want being felt again a few
weeks afterwards, this little book was put in hand, in the hope
that it might be of use to others in a similar predicament.

It has been written on the assumption that the reader at the
outset knows nothing of the lantern or its technology ; terms that
he would not otherwise understand have therefore been explained:
.and the illustrations have been selected to show the principles

upon which the various pieces of apparatus work, rather than
the mere external appearance of any particular maker's product.

It should be hardly necessary to point out that it contains
Perforated Russian

Iron Body,
Brass Sliding Tubes.

Mahogany outside
Body,

Metal Stage and
Sliding Tubes.

1

Mahogany Body,
Brass Stage, and 3-draw
Telescopic Tubes.

"OPTIMUS" ETHO OXYGEN SAFETY SATURATOR.
Complete with suitable jet, 708. each.
FREDERICK E. IVES, of colour photography fame, SAID in a recent address
In my opinion the best of these inside-lantern Saturators yet produced is that of
Perken, Son, and Rayment, of London. . . . It will not become unduly heated

in the lantern, as some of the others might, and is a model of compactness and
convenience. I think so much of it that I have adopted it for my own use."

"OPTIMUS" BI-UNIAL LANTERN.
With Brass Stages and Sliding Tubes

..

£10 109.

Lantern Photographs, Plain, is.; Coloured, is. 6d. each.

Catalogue POST _FREE.
PERKEN, SON, 86 RAYM EN T,

LONDON.

nothing that is not to be most probably found elsewhere, some-

where or other, but care has been taken to point out those
cases where the author is unable to speak from his own
experience.

It only remains for him to express his thanks to those firms to

whom he is indebted for the loan of cuts of special forms of
apparatus, and to Mr. R. R. Beard, who has been kind enough
to give him the aid of his great practical knowledge of the
limelight.
St. Albans,
Yovenzber, , 1895.

R. C. B.
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Magic Lanterns & Slides.
WHY does WALTER TYLER do the Largest Business and is able
to Make and Sell Lanterns and Slides Cheaper than any so-called
Manufacturers and Stores ?
BECAUSE, making the Lantern and Slide Business his entire occupation, he is able to produce goods of much Better Quality at Lower

Prices, and it is estimated that WALTER TYLER supplies more

Exhibitors with goods than the whole of the other houses combined.

WALTER TYLER'S
New Helioscopic Lantern

Has many great Improvements over any other Lantern, including 4Pn. Condensers

and Extra Large Front Lenses, giving greatest Brilliancy of Light and Perfect
Definition. No extra charge.

MODERN MAGIC LANTERNS.
CHAPTER 1.

3ntroDuctor2.
THE Optical or Magic Lantern, which has in the last
few years come so very largely into use, not only for the
purposes of education and amusement, but also for advertising, for photographic enlarging, and has even been

OXYGEN! OXYGEN ! ! OXYGEN ! ! !

Also HYDROGEN, of the Best Quality, compressed in thoroughly tested and
re-annealed cylinders, at lowest possible prices. Better and Cheaper than any
other House.

Walter Tyler's New Catalogue,

Upwards of 500 Pages, Fully Illustrated, now ready, post free, 12 Stamps ; Smaller
Catalogue, 6 Stamps ; and Second-hand Lists, post free.

Fig. 1. MAGIC LANTERN AND SCREEN,

HIRE DEPARTMENT.

pressed into the services of religion at more than one
London church, may be diagrammatically represented

Perfect. Great Reductions. If you desire to Purchase, Hire, or Exchange, send to

Walter Tyler, who makes this business a specialite, and you will be well satisfied.
Second-hand Lanterns, Slides, and all kinds of Lantern Apparatus, at
greatly Reduced Prices, Genuine Bargains. Send for Lists.

WALTER TYLER,
48, 50, 94. WATERLOO ROAD, LONDON.

by Fig. 1. This sketch represents the lantern reduced to
its simplest expression, and before proceeding- to describe

in detail the many modifications of and additions to the
instrument which ingenuity during the past few years has
A

2

MODERN MAGIC LANTERNS.

effected, the names of the various parts and their functions
had best be pointed out.
In Fig. 1, A represents the lantern body, generally provided with a chimney, B. Inside this is placed a light, c,
in front of the light is a lens, known as a condenser, D, and

in front of the condenser again, and some little distance

from it, is another lens, called the objective, E. As close as
possible to the condenser and between it and the objective
is the slide, which is held between springs, in grooves, or in
some similar manner at F. The screen upon which the

pictures are thrown is shown at G. Here, then, are the
essentials of a magic lantern :
A light.

A condenser, l These are sometimes spoken of as "the
An objective, j
optical system" of a lantern.

3

INTRODUCTORY.

feet in diameter, a more powerful light than that given by
a petroleum lamp becomes a necessity if a brilliant light

is wanted, and one of the forms of the limelight must
be used, or the still more powerful arc lamp. What
form of limelight, again, will depend to some extent

on the size of disc and illumination required. The " oxycalcium " light and the " blow-through " or " safety " jet
can be used with success on discs up to twelve or fifteen

feet in diameter, but for anything over this size what is
known as the mixed jet should be employed. But these
sizes are in all cases the author's opinion only. Some

workers would be quite satisfied with less illumination than

that intended above, and would consequently use a less

A carrier or slide-holder.

A lantern body, which encloses the light, and which
retains the various other parts in their relative
positions.

The means of illumination is a point of primary import-

ance, and it is due to the rapid strides in this particular

which have been made during recent years especially, that

the lantern has increased so largely in popularity. The
various lights now in general use are oil lamps, the
limelight, and the electric light, the illuminating power
of which is in the same ratio as the above order, oil
(and incandescent electric lamps under some circumstances)

having the least, the electric arc lamp the most, and the
modifications of the limelight occupying an intermediate

Fig. 2.

THE OPTICAL SYSTEM.

first considerations.

powerful light or a bigger disc ; others, on the other hand,
might wish for more illumination than he regards as
sufficient. It will be gathered froin the foregoing remarks
that the brilliancy of the picture depends upon the size at

house gas is not available and where there are difficulties in
the way of getting compressed gas. Where a considerable
size of picture is required, say anything over seven or eight

as much as possible of the light and direct it upon the slide ;
therefore, the more of the light that the condenser collects

place in this respect.

In buying a lantern the choice of the light is one of the
If it is intended for use for photographic enlarging and for the exhibition of slides, etc., on
only a small scale, there are several forms of the oil lamp
burning petroleum which can be employed with advantage
in the direction of economy, both of trouble and money ;
especially if the user is likely to want the lantern where

which it is shown, and that, given the same light in each
case, the smaller the disc of light thrown upon the screen
the more brilliant it will be.
These two factors, the light and the size of the image,
are by no means, however, the only ones to be taken into
consideration. The function of the condenser is to collect

the more brilliant will be the image.

The objective is
A2
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MODERN MAGIC LANTERNS.

employed to bring the light proceeding through the condenser and slide to a focus upon the screen, as will be
explained hereafter ; and the brightness of the picture
depends also upon the proportion of the light passing
through the slide which the objective, or front lens as it is
often called, allows to pass. This will be best seen by

reference to Fig. 2, which represents the optical system of a
lantern, and the course taken by the light in its passage to
the screen. The letters are the same as in Fig. 1, F being
the slide. Photographers will have no difficulty in understanding that if the lens, E, is one which would be described
as a " slow " one, it would not allow so great a proportion
of the light to pass as a " faster " lens.

All these points have to be taken into consideration in
deciding what instrument to employ for any given work.
With good condenser and objective, probably the following
summary will be a sufficient guide :
For discs not exceeding eight feet in diameter, or for
enlarging on bromide papera good petroleum lamp.
For discs not exceeding twelve feetan oxy-calcium or
" blow-through" jet, which is besides preferable to the fore-

CHAPTER II.
Cif /Lamps.
NEARLY all the old-fashioned lanterns in use before the
introduction of petroleum as an illuminant depended upon
sperm or colza burnt in an Argand lamp, the construction
of which can be gathered from Fig 3.

The wick in these lamps is cylindrical, with an air passage in the
centre as well as outside ; the tank

going for enlarging purposes, when circumstances permit.

For larger discsthe mixed jet or the electric arc light.

for the oil is seen at the back of the

A lantern for all-round work, such as an amateur photo-

silvered reflector.

figure, carrying in front of it the

grapher would desire, is best fitted with a blow-through
jet, or if this is impracticable, a three- or four-wick petroleum lamp.

The glass chimney for such lamps

should taper towards the top, and
the wick must be of loose cotton,

the compact wicks employed for petro-

leum being of no use whatever for
sperm or colza. Petroleum cannot
be employed in this form of lamp ;
sperm is preferable to colza, and
much longer time must be given for
Fig. 3.
OLD TYPE OF SPERM

OR Col,. LAMP.

the wick to get saturated with oil
than in the case of petroleum. We

might add here, that it is not advisable with any lamp to saturate

the wick before inserting it, as it is impossible to avoid

messing up the outside with oil by so doing, a thing
which should always be guarded against.

6
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OIL LAMPS.

This type of lamp has long been obsolete in lanterns

intended for serious work, but possessing, as it does, many
disadvantages, it is nevertheless free from some defects
which are inherent in modern forms. It

needs a minimum of attention, is simple
in construction, but its illuminating power
is of the very smallest kind ; still, as it is
occasionally met with, and as the precursor of modern patterns, it is worthy of
mention.

The introduction of
petroleum and the in-

7

The Sciopticon, Figs 4 and 5, consisted of a reservoir for
the oil, out of the top of which proceeded two tubes, each
carrying a broad flat wick, the edges of which wicks were
presented to the condenser ; the tubes, Fig. 5 u, were inclined
towards one another at the top. Surrounding the wicks was

a semi-cylindrical metal combustion or flame chamber, G,

terminating in a chimney at the top.

One end of the

combustion chamber was closed by a metal lid carrying a
small window for observing the flame, u; the other end,
which went next the condenser, was of glass, G. The lamp
and lantern were in this earliest form practically one

instrument, the

combustion chamber acting as the

lantern body ; but
the whole arrange-

_
A

ment, although a

1\1111

very great advance
over anything that
had gone before it,
certain
possessed

Fig. 4. THE SCIOPTICON.

drawbacks, which
have since been
overcome. One of

these was the presence of

a strip

down the middle
,k, )1
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Fig. I. THE SCIOPT1CON, SHOWING THE INTERNAL ARRANGEMENT.

vention of the Sciopticon lantern by Mr. Marcy, of Philadelphia, improved these old-fashioned illuminants out of
existence ; modern oil lamps for the lantern dating from
what may be called the Sciopticon era.

of the disc which

Fig. 6. THREEWICK LAMP.

was not so brilliant-

ly illuminated as the rest, a defect due to the use of two
wicks.

This and several minor faults having been removed,

we have the modern oil lantern which is upon the market
in many patterns, but all of which bear unmistakable signs
of their parentage by the Sciopticon, although most of
them now have three wicks and some four or even five,
and the lamp generally is distinct from the lantern body,
which was not the case with their predecessor. Fig. 6
represents the Optimus three - wick lamp introduced by
Messrs. Perken, Son, and Rayment. In this lamp four

distinct currents of air are made to impinge upon the

8
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OIL LAMPS.

the channels through which they pass being in a
direct line with the chimney ; the light given by this form
is very satisfactory.
The following directions for the use of oil lamps may be
taken, except where otherwise stated, as applying to all
patterns, and should receive careful attention if it is desired

They should be trimmed each time before use, but only that
part which is quite burnt need be cut off.
When the lamp is lit, it should be turned up fully at once,
and for the first few minutes must be watched, and turned
down a little as the lantern warms and the flame begins to
smoke, until it is seen to be burning regularly and steadily. To

flame,

to get the best result :

The selection of the oil should not be left to mere chance,
nor half a pint of the cheapest " paraffin " got at the nearest oilshop on the evening when it is required. Many of

the oils in the market, although perfectly safe in household lamps in which the reservoir is of porcelain or other
material which is a bad conductor of heat, are positively
dangerous in the optical lantern, where, from the very nature

of the instrument and the exigencies of construction, the
receptacle for the oil is bound to get, at any rate, warm.

The best crystal oil must be got from a reliable dealer. The
addition of a lump of camphor about the size of a walnut to
each pint of oil has been recommended as making the light
whiter, but we have never been able to detect any improvement in illumination by this means, over that got by the use of
the best " crystal " oil. The wicks should not be too long, and
of course not too short, a couple of inches longer than

necessary to reach to the bottom of the oil reservoir is
ample ; before use they should be thoroughly dried.

When
dry, the wicks, if new, must be trimmed with a pair of

scissors and replaced in the lantern, the reservoir filled
nearly full, whether the lantern is wanted to burn for ten
minutes or two hours, and after the lapse of a minute or

two for the wicks to soak they should be lit and allowed to
burn for a quarter of an hour. A funnel should always be
used for filling, and the greatest care taken to avoid spilling
any of the oil about the lamp, as it is only by such precau-

tions that the unpleasant smell can be avoided.
The
chimney is best kept off for the first minute, and put on
when the lamp is seen to be fairly alight.

When the new wicks have burnt for a short time, they
can be trimmed once more with a sharp pair of scissors, so
as to give a perfectly even flame ; this trimming can only be
roughly done before the edges have been charred by use.

kliliiiI1I1M
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avoid smell as much as possible, the lamp is never to be

allowed either to smoke or to burn below its maximum, the
greatest height of flame short of actual smoking being always
in use ; this will entail more or less constant attention,

but will obviate annoyance to the noses of the audience.
Another point which must be seen to, is that each of the
wicks is doing its fair share of the work. With two-wick

lamps this is the case when each is burning so high that

any increase in the height of the flame of either will cause a

With lamps possessing three or more wicks, the
inner wick or wicks should be in this condition ; the outer
ones are best a trifle lower.
smoke.

When the chimney is adjustable in height, the lamp
should be removed from the lantern and the height of

chimney at which the light is at its best ascertained by experiment; when found, the point should be marked on the
chimney once for all. If, now, when he lamp is replaced in

the lantern, the height requires altering to get the best

result, it indicates that the air inlets are not sufficiently free.

This is not often the case ; in fact, as a general rule, the
inlets for the air receive more attention from the makers

than the outlet at the chimney, which is sometimes so contracted as to counteract the advantages gained by improved
inlets ; still, in good lamps, both matters are the subject of
careful study and experiment.
After a display, the lamp should be emptied of oil, the
wicks taken out, squeezed up in paper to free them from oil,
and put away until wanted again, and the metal parts of the
lamp washed with washing soda and warm water and dried.
If a little trouble in this way is taken with a petroleum
lamp, it can be used with almost an entire freedom from
smell, and the results will astonish those whose experience
of the oil lamp is gleaned from the greasy, messy abominations which, with a little inattention, they readily become.

10
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The best petroleum is cheap, and such lamps are the most
economical in use ; a three-wick lamp does not consume so
much oil as a four-wick for the same amount of light, but
the difference is immaterial.

It is almost unnecessary to add that the glass at one end

of the combustion chamber and the mirror at the other
must be kept clean and bright, or much light will be lost.
The mirror is generally hinged at the top, as shown in Fig. 5,
and can be raised to inspect the lamp ; it is also often

provided with a coloured glass window, but this, from its
small size, we have not found to be of much use.

CHAPTER III.

The method of adjusting the position of the lamp in the
lantern is usually the same as that of the jet tray for limelight, and will be dealt with under that heading. In the

better form of lantern, the lamp slides into the body in
grooves, which will also carry a jet, if at any time it is
desired to substitute the limelight for the oil lamp.

Owing to the great heat which oil lamps emit, it

is

necessary for the lantern body to be jacketted ; that is to
say, for the body to consist of two distinct shells, between
which is an air space. Even with this precaution the outer
casing, which is sometimes of wood, but more often of
Russian iron, is almost sure to get very hotfar hotter, in
fact, than should be the case with the limelight or with an
arc lamp, but this is unavoidable.

the limelight.
THE most popular of all lights for lantern purposes is one
This
means of illumination was invented by Lieutenant Drummond

or other form of what is known as the limelight.

in 1826, and although it has been employed more or less
ever since, it has received its greatest impetus by the sale at
a moderate price of oxygen gas compressed into steel
cylinders, which are fairly portable.

The use of Limelight as an illuminant, as its name

implies, is

based on the fact that, by directing a very

hot flame against a piece of lime, the latter soon becomes
white hot, and emits a very brilliant light of great penetrative power. To achieve this, the flame must be of the
most intense character ; ordinary house gas, spirit or

petroleum lamps are quite useless for heating the lime,

and recourse has to be had to flames in which oxygen gas,
freed from the nitrogen, argon, or whatever other diluent
chemists may eventually decide to be present,- is employed.

By the aid of this oxygen the combustion of most inflammable substances is rendered much more vigorous
and complete, and the heat emitted more concentrated and
intense.

The instrument by which the flame is obtained and

directed against the lime is known as a jet, and some idea
of its appearance may be gathered from Figs. 7, 8, and 9,
which represent the three types of jet in common use, the
oxy-calcium, the blow-through, and the mixed jets. Most
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lanterns, whether provided with petroleum lamps or not,
have a couple of grooves running down their base inside,

about 4in. apart, in which slides the lamp when petroleum is
employed, or the tray when limelight is being used. This tray

IiI

THE LIMELIGHT.

be incapable of being moved or " wobbled " from side to
side when in position, and the pin to carry the jet should be
rigid and smooth, that the jet may be easily adjusted on it.

Fig. 9.

14611....
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MIXED JET.

During the last year or two a much more elaborate form
of tray has been introduced by several makers, one of which
is shown, carrying a jet, in Fig. 10. This, it will be seen,

Fig. 7. OXY-CALCIUM JET.

Fig, S. BLOW-THROUGH JET.

is shown in Fig. 8, in which A A are the edges which enter

Fig. 10. ADJUSTING-TRAY WITH JET.

and to retain any fragments of lime which may drop from
the jet ; and c, the pin which carries the jet itself. The tray
should slide easily in the grooves provided for it, but should

has racks and pinions for raising and lowering the jet, and
for shifting it from side to side ; these are very convenient,
but, of course, have to be paid for.

the grooves ; B, a narrow, turned-up rim to stiffen the tray

14
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THE LIMELIGHT.

In the ordinary form of tray the jet is held by being slid
up or down on the pin of the tray and clamped by means of
the screw, s, Fig. 8. This arrangement, while it allows the
jet to be moved very readily and is simple and reliable, has
the disadvantages that the jet is supported by a point very

in a moment on looking at a jet, by turning the milled head

much behind its centre of gravity, the pin consequently
tending to lean forward, and that the operator who
manipulates the jet from behind has hold, as it were, of the
short end of a lever, the slightest movement of which displaces the front of the jet very considerably. The arrangement also is very easily disturbed by an accidental touch
at the back of the jet ; but, in spite of these drawbacks, this

form of tray is most often met with, and if substantially
made and used with proper care will be found to answer
every purpose.

G, Fig. 8, the lime pin, and with it the lime, not only revolves,

but at the same time moves up or down, so that a pencil
held upon the side of the lime would describe a spiral line
around it. The handiest form of screw for doing this is one
which raises the lime at least a quarter of an inch for each
complete revolution. A defect some forms of jet possess is
to be found in the fact that the screw is such a fine one that
when the lime has been turned completely round, the jet is

playing upon practically the same place on the lime as
that at which it started.
In some forms of jet, which now have almost gone out of
use, a flat disc of lime was employed instead of a cylinder,
as shown in Fig. 11. In this case the lime simply revolved

Mr. Andrew Pringle, a recognised authority

on lantern matters, uses in addition an arrangement of a
couple of jaws, which, when the jet has been adjusted in

position, grip it in front, and so help to keep it firm.
All jets are provided with a means of holding the lime for

the flame to play upon, and as the particular part of the
surface soon deteriorates and requires renewal, must have
also an arrangement for bringing a fresh portion of the lime
under the influence of the flame. This in most cases is
effected as shown in Fig. 8, where a vertical spindle, D,
carries a little circular table, E, through the base of which
the spindle projects, the lime being generally a perforated
cylinder in shape, which is slipped over the pin or spindle
and rested on the table. This pin is sometimes made long
enough to carry two limes, one on the top of the other this
may be useful for long displays, but we ourselves cannot
recall a time when it would have been a convenience. The
lime pin is connected at its base by means of bevel wheels,
F F, with another spindle, which ends in a milled head, G,
near the taps at the back of the jet ; the pin, however,
while turning with the wheels, is free to move up or down ;
and is indeed compelled to do so when the wheels revolve,
on account of a spiral thread which is cut upon it,
;

which engages in pins attached to the bracket carrying

the spindle. By this simple contrivance, which is not easily

indicated in the diagram, but which can be comprehended

Fig. 11. BLOW-THROUGH JET WITH LIME DISC.

upon a central axis, each portion of a revolution sufficing to
bring a fresh part of it before the flame.
The limes for limelight should be turned true, not only as
regards their outer surface, but the hole through the centre
should be central also, since if it is not, the distance between

the jet and the lime will vary as it is turned. As this
distance is an important factor in getting the most light

which a jet is capable of giving, it follows that if one position
of such a lime is correct, on turning it, the distance is altered
and the light diminished In this connection, we may observe
that what are known as "Excelsior "limes are as a rule better
shaped than their rivals, the " Nottingham " limes, although
for the mixed jet the latter are preferable when well formed.

Limes are often spoken of as hard or soft, and these two
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kinds may be considered as most suitable for different forms
of jet. The soft limes incandesce at a lower temperature, but

ii

are not so lasting as the harder ones ; for this reason they
should be used for the oxy-alcohol and blow-through types
of jet ; while the harder limes, of which the Nottingham
is an example, are used to best advantage in the intense heat
of the mixed jet. Messrs. Newton and Co. have lately
introduced a new lime known as the "Newtonian," which
possesses certain advantages over the above-mentioned, in
that it is turned and bored with great accuracy and is far
less affected by exposure to the air.
All limes, except at the time of using, must be carefully
protected from moisture, and consequently from the
atmosphere. They are generally supplied, packed in powdered lime, in hermetically sealed tins or bottles, and under
such conditions will keep for a considerable time. When

once the case has been opened, however, they begin to

deteriorate unless special care is taken to protect them. Mr.
Hepworth recommends that each lime should be dipped in
melted paraffin wax or beeswax, half-way, and then allowed
to cool. When the wax is firm, the lime should be held by
the waxed portion, and its other half immersed ; and when
the waxen coating is solid, the limes wrapped up separately
in paper and stored away until required. This is said to
protect them perfectly from the action of air, and
the coating is peeled off very readily when the lime
is wanted for use, provided that the wax in which they were
dipped was only just above its melting point and no hotter.
Most dealers in lantern requisites supply tubular cases of
brass with a screw lid, which are capable of holding six limes,

one on the top of another, and these are handy for storing
purposes, the contents of a tin being transferred to them
as soon as it is first opened. The Newtonian limes just
mentioned are sold separately, wrapped in thin paper, and
packed in a tin tube with sliding lid : a means of storing
which is satisfactory with this particular make of lime,
but one which we should not recommend for others. It
must be remembered that limes are really quicklime, and
that with exposure to the air they slake-that is, they
absorb moisture, swell, and fall to pieces ; and that a lime

THE LIMELIGHT.

17

is not used to the best advantage after its surface has lost

its initial hardness.
If a lime is taken from its case, put into the lantern, and

the jet turned full on it at once, the probabilities are

that it will crack and be rendered useless. This is only
what might be expected when it is borne in mind how
unevenly it is heated, one side being- exposed to one of the
fiercest flames known, the other to the cold air rushing to

supply that flame. For this reason limes before use should
be heated by being put in an oven, on the hob, or exposed to
the coal gas or hydrogen flame in the lantern, and turned
round occasionally, for an hour or two before they are
wanted.
When a lime is required for use, the hole through it will
most likely be found to be filled with the powdered lime in
which it was packed. This should be got out by tapping the
lime gently on a hard surface, and no attempt must be made
to force it on the lime pin while the hole is clogged up, as
by so doing the powder is only rammed more tightly together
and the lime for the time being made useless.
Mr. E. G. Wood some years ago introduced what he called
a lime shield--a little cylindrical piece of thin metal which

surrounded the lime, with an opening where the jet was

directed against it ; this serves the useful purposes both of
protecting the lime from draughts, keeping it warm, and of
protecting the condenser from an accidental reflection of
the flame upon it from a pitted or otherwise uneven lime.
It can be seen in Fig. 7 surrounding the lime and connected

with the fixed portion of the jet, the lime being free to
revolve within it.
From time to time substitutes for lime have been proposed,

but as none of them have ever come into anything like

general usea fact accounted for by all of them possessing
one or more disadvantages rendering them inferior to lime
itselfanything more than an allusion to them is out of
place here.
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should always be done. The wedge-shaped bag, when being
filled, is allowed to lie freely on the table, but when the gas is
being used, is inserted between pressure boards (Fig. 13), the
upper one of which is weighted
to the requisite degree to expel

the gas. Weights are placed
at the extremity of the board,
against the shelf provided to
prevent them slipping down,
and may vary in amount from

CHAPTER IV.

a half - hundredweight to
three or even four times that
amount. For most purposes,

lbonic,inabe expgen, (Sas lbotbco, Etc.
BEFORE the introduction of compressedgases and the use
of steel cylinders had rendered the purchase and transmission
of forty feet of oxygen from London to John o' Groats as easy
and as cheap as the forwarding of, say, a churn of milk for
the same distance, lanternists were compelled to use either

the delicate, expensive, and rapidly-ruined gas bag, or the
anything but portable pneumatic gas holder. As both of

these forms are still in use to some extent, and as the

latter, at any rate for certain purposes, can still hold its own,
a word as to their use will not be out of place. At the same

time, we can appropriately bracket with these forms of

apparatus the manufacture of oxygen at home.
Gas bags, which are generally wedge-shaped, are made, at

least the better qualities are, of a
stout fabric bag enclosed in another

of a close-textured twill, between
which is a third bag of thin sheet
india-rubber (Fig. 12). The outlet of
the bag, a brass stopcock, is fixed in

the middle of the edge formed by
the acute angle of the bag. This stopcock, in the case of bags used to reFig. 12. A GAS BAG.

tain oxygen made from potassium
chlorate, rapidly becomes corroded

by chlorine, which is generally present in small quantity in such

gas, unless care is taken to get rid of it (see page 23), which

where a moderate size of disc
Fig. 13. DOUBLE PRESSURE BOARDS

is required, which in these
days will probably be the

only case in which gas bags

are used at all, a single 56 lb. weight will be sufficient
to commence with on a full bag, being supplemented with
another when the bag is more than half empty. When
using oxygen from a bag with house gas there is very little
danger of the latter entering the oxygen bag and forming
with its contents an explosive mixture, since the pressure
in the gas mains is but slight. It must be borne in mind,
however, that if at any time the two gases were mixed in a
bag, the result would in all probability be an explosion
which might endanger life and limb. This is far more likely
to occur when a mixed jet is being worked with both gases

in bags (this form of jet cannot be used with house gas
taken direct from the mains to the lantern, on account of
insufficient pressure), and the pressure in the two bags is not
equal. To get over the difficulty of maintaining the pressure
in two sets of bags and boards equal, double pressure boards
were invented, in which the same weights are imployed to
press down the two bags. When this forth is used, the apex
of the boards at A, Fig. 13, which when the bags are full is
raised, must be lowered by folding in the strut B before the

top board has sunk so low as either to overturn the entire

frame or to cause the weights to slide off. By the use of pressure boards longer than the bags this can also be prevented.

B2
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Gas bags are at the best evils, which in some cases perhaps
are still necessary ones. Where portability is not important

To use the gas, the jet can be connected with B by indiarubber pipe, or a second stopcock can be fitted to the upper
cylinder as the gas outlet. Weights must be placed on the
flat top of A until the desired
pressure is obtained. Small

virtually a model of the huge miscalled " gasometers " which

gas holders of this pattern are

are so striking a feature of the landscape in most towns.
The diagram sufficiently indicates its construction : A is a
cylinder, the top of which

nised iron and will last a life-
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they yield the palm, or as much of it as is left them, to the
pneumatic gas holder, which may take the form either of
Figs. 14 or 15. Fig. 14 represents a gas holder which is

(r.

must be perfectly gas-tight,
and must carry the stopcock
B, which acts as the inlet and

outlet for the gas ; c is a
similar cylinder without a

stopcock, a little larger than
A, which
carries two or
more uprights with pullies,
over which pass cords from
A to the counter weights D.

Fig. 14. GAS HOLDF.R
OF THE "GASOMETER" TYPE.

In holders of any size, the
space inside the smaller
cylinder is filled, to a large
extent, by an empty metal
drum, as shown in the
figure, to avoid the necessity for so large a bulk of
water. To charge this gas
holder, c is filled to within

an inch or two of its top

with water, and A, with its
open end downwards, immersed until the stopcock, which
must be kept open while depressing A, is under water. Before
use it should be seen that the counterbalance weights, D, are

just sufficient to allow A to move up or down with perfect
freedom while the stopcock B is open. As soon as A is completely immersed, the cock may be connected with the oxygen
apparatus from which the holder is to be filled. As the
oxygen enters it will gradually raise the upper cylinder ; the

supply must be turned off before the bottom edge of the
latter is within an inch or two of the surface of the water.

easily constructed of galva-

time. We have seen a very

efficient one made of two of
the large cylinders in which
paint is supplied. Another
form of gas holder is shown
at Fig. 15, in which A is the
inlet and outlet for the gas ;
a stopcock which is opened
during the filling of the holder

B,

to allow the displaced water
Fig. 15. A GAS HOLDER.
to escape ; c, a pipe through
which water, under more or less pressure, is supplied to
drive out the gas when it is required for use.
One or other of these forms of gas holder are still largely
used where the limelight is constantly wanted in the same
place, as, for instance, in theatres, in photographic enlarging
establishments, etc.
Oxygen gas is generally prepared in small quantities by

heating together in an iron vessel a mixture of chlorate of
potassium and oxide of manganese.

Both these compounds

should be fairly pure, it being particularly important that
the manganese oxide is not adulterated in any way ; the
presence of, f or example, carbon in any form in it being most
dangerous. The cheapest (and worst) form of generator
takes the form of a conical sheet-iron or copper vessel, which

is very difficult to properly clean, and is unprovided with
any safety-valve arrangement. Mr. Chadwick, to whom
lanternists are indebted for many ingenious and practical
improvements, has introduced two forms, either of which
are much more suitable. One of these is shown in Fig. 16.
In this, the handle at the top being pulled over, the bellshaped top, which, like the rest of the apparatus, is of cast
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A prepared cake of manganese oxide

cork, straw, etc. When the cakes are not employed, two
parts by weight of chlorate to one of manganese are those

handle replaced, and the gas lit at the Bunsen burner, which
is enclosed in the hollow part un-

derneath (only the stopcock is

we used in the days when oxygen was not so readily obtainable. Some workers, however, prefer three, or even four parts
of chlorate.

visible in the figure) ; gas rapidly
comes off until, in a quarter of an
hour or less, the cake is exhausted,
and may be replaced by another.
In case of any excess of pressure

venient way of heating it ; the heat should be left on until
at least four cubic feet of oxygen have come off per pound of
chlorate. This is mentioned because the emission of gas is
often irregular, ceasing almost and then coming off with full

iron, removes.

and potassium chlorate is introduced, the top put on, the

in the vessel, the springs at the
side allow the lid to rise and the
gas to escape. The cakes are

Whatever retort is used, a gas stove is the most con-

force again.

manganese oxide to one part of
the powdered chlorate, enough

When the gas is to be received in a bag, it should be
washed by allowing it to bubble up, as shown in Fig. 17,
through a Woolff's bottle containing a fairly strong solution
of caustic soda, which will last for several operations, and
then through an empty flask to remove as much as possible

water being added to just moisten
the mass, which is then filled into
a mould. The cakes are allowed

pneumatic holder is to be employed. When no more gas is
coming off, the stopcock on the bag should be closed and the

made by mixing four parts of

to dry, when the bottom of each

is coated with a thin paste of

manganese oxide and water
Fig. 16. OXYGEN RETORT.
to prevent it sticking to the
retort. The use of the cakes entirely prevents the choking
up of the retort with the decomposed oxygen mixture, the
bye-product coming away in a mass just as the cake was
inserted. We recently saw one of these working in conjunction with a large gas holder of the type shown in Fig. 14.

It had been in use for many years; making oxygen for

enlarging purposes, without the slightest hitch. Another
form designed by Mr. Chadwick has a weighted lid at the
end, which acts when necessary as a dead-weight safety
valve.

For oxygen making, as we said before, the manganese
oxide should be got from a reliable source. The chlorate is
best bought ready powdered if to be made up into cakes as
above described ; if to be used loose, the crystals should be
employed (it is best not to attempt to powder it oneself), and
the manganese used should be the granulated form. Both

ingredients should be carefully picked over for scraps of

of the water.

This washing is not necessary when a

tube 'immediately disconnected between the retort and the
first bottle ; if this is not done at once and before the retort
is allowed in any degree to cool, the liquid in the flask will
be sucked back and an explosion of steam in the retort is
sure to ensue. There should
be no fear of this in any but
the most incompetent hands,

which latter had best leave
limelight

alone

altogether.

When a gas bag has got hard
through cold, it should be
warmed a little before filling
to soften it. If this is not done
the bag will rapidly perish.

Fig. 17.

APPARATUS FOR MAKING AND
WASHING OXYGEN.

In filling a bag with oxygen the sequence of operations should be as follows
(1) Having connected the retort and flasks as shown,
and having the empty bag with its stopcock open and
tube ready to connect to the last flask, apply heat to
the retort until gas bubbles off freely.
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When on applying a glowing match to the open end

of the tube it is relit, showing that the air has been
driven out of the apparatus by the oxygen, connect

the pipe from the bag with the flask.
When gas has finally ceased to come off, close the
stopcock, disconnect the retort from the flask at once,
and then remove or extinguish the source of heat.
It is so unlikely that hydrogen gas will ever require to be

made, its place being supplied by alcohol or oxygen and
ether, that no apology is necessary for the omission here of

CHAPTER V.

any details upon the subject.

Compre6eb Oaus.
MOST lanternists nowadays use the compressed oxygen,
and in some cases compressed coal gas also. The gas is
supplied in steel cylinders, such as shown in Fig. 18, into
which it is forced by powerful pumping machinery until it

reaches a pressure of 1,800 lb. per square inch, or 120
atmospheres.

The extraordinary strength of these cylinders

can be best understood when it is pointed out that the

Fig. is.

GAS CYLINDER.

weight of one to hold 10 cubic feet of gas is not more than
15 lb., and the outside dimensions for this capacity 4 inches
in diameter and 19 or 20 in length.
It might be supposed at first sight that such things must

be essentially of a dangerous nature, but when the large
number of cylinders in constant use all over the world is
taken into consideration, the almost entire immunity from
accident should beget confidence in reasonable minds
Still, as there is the potentiality of a great deal of mischief
in a charged cylinder, they should not be treated with
unnecessary violence.

I 11
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The amount of knocking about which a charged cylinder
can actually stand, if properly made and annealed, is surprising.

Mr. Murray, the engineer to the Brin Oxygen

Co., in his book on compressed gases, narrates how they

have for experimental purposes been dropped vertically from
a height of 35 feet two or three times in succession, crushed

with a 15-ton blow, and finally bent into a bow form ;
on testing them after this treatment they were found to

contain the full quantity of gas. To secure the degree of
safety indicated by this, the cylinders must not only be well
made of suitable steel, but inasmuch as the physical structure of the steel becomes gradually altered, they must from
time to time be annealed, a process which restores them to
their original condition as far as strength is concerned. It
is therefore advisable, if baying a cylinder, or bottle as it is
sometimes called, to get a new one from a reliable maker,
and one which has been properly tested. The gas compressing firms themselves let out cylinders on hire, which
can be relied upon, for those who do not wish to bay one
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with the pressure of the gas it gradually closes the valve f,
by mean of the system of levers seen at n, and so cuts off the
supply of gas. As the gas is used at the jet, the spring
forces D down again until the valve reopens and allows the
bellows once more to receive a supply from the cylinder, and

The pressure at which the regulator delivers the
gas, as generally supplied, is about that of 12 inches of
water, but it can be varied by varying the strength of the
springs.
Where both oxygen and hydrogen are used in
so on.

outright.

Inasmuch as the gas in these cylinders is at a very high
pressure, and the pressure required in the lantern is hardly
a hundredth part of this, means have to be taken to reduce
the pressure of the gas in its passage from the bottle to the
jet. The best method of doing this is by employing what
is known as a regulator, a little instrument which will
deliver the gas uniformly at any pressure desired until the

cylinder is empty, although the pressure in the bottle is
constantly decreasing as the gas is consumed. There are
several forms of regulator on the market ; the first to be

introduced, and one which is still extremely popular, is that
known as Beard's, after its inventor. Brier's and Clarkson's are also well-known patterns. Broadly speaking, the
principle upon which these regulators are made is the same,

and can be understood best on reference to the Figs. 19
and 20, which illustrate the construction of the Beard
regulator. The cylinder has the regulator screwed into its
orifice, and the outlet P being closed, the gas is turned on
and passes into the bellows c, expanding them and tightening up the spring s. As the top, D, of the bellows rises

Fig. 19. BEARD'S REGULATOR
EXTERIOR.

Fig. 20.

BEARD'S REGULATOR,
INTERIOR.

cylinders, separate regulators should be employed for each,
the hydrogen regulator never being attached to the oxygenbottle, and vice versa. When using the regulator, the gas
can be adjusted by the jet taps, and if required they can be
turned completely off, which, if no regulator were employed,
would result in bursting or blowing off the tube.
In addition to a regulator, those who use cylinders habitually will find a pressure gauge very useful, as showing at

a glance the amount of gas the cylinder contains.

The
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pressure gauge is shown at Fig. 21, and is usually graduated
with two scales, one reading from 0 to 110, or thereabouts,

are atmospheres (an atmosphere is taken as a pressure
of 15 lb. to the square inch) and at a pressure of 120 atmospheres a " 10-foot " bottle contains 10 feet of gas, which is
read off direct on the other scale. If the cylinder is a 20foot or 40-foot, the number of cubic feet indicated on the
gauge must be multiplied by 2 or 4 respectively ; if a
12-foot, by 11, and so on, multiplying in each case by the

number of times 10 feet are contained in the nominal

In this way the contents
of the cylinder can be gauged. Those who do not care to
incur the expense of a gauge can ascertain roughly how
much gas the cylinder contains by weighing it. Inasmuch
as 12 cubic feet of oxygen gas weigh about a pound
avoirdupois, if the weight of the cylinder empty is known,
capacity of the charged cylinder.

the difference in ounces between that weight and its weight
when it contains an unknown amount of oxygen must be

multiplied by 3 and divided by 4, the result being the

number of cubic feet of oxygen it contains.
For example : A cylinder which when empty weighs

25 lb. 14 oz. is found to contain a certain amount of oxygen making it weigh 27 lb. 81 oz. It is required to know
how much of the gas it contains. On subtracting 25 lb.
14 oz. from 271b. 8 ozs., we get 251 oz. Multiplying
251 by 3 and dividing by 4, the result is 194the number
of cubic feet of gas the cylinder contains. This may be
taken as a rough guide, but too much dependence should
not be placed on information got by means of an operation
where a very slight mistake may greatly mislead. In the
case of coal gas, no useful indication of the amount of the
contents of a cylinder can be got by weighing.

Fig. 21. PRESSURE GAUGE.

and the other from 0 to 10, the 120 of the one scale corresponding with the 10 of the other.

The smaller divisions

Gauges, like regulators, must not be used indiscriminately for oxygen and hydrogen, and on turning the gas
into them it must be done gently and by degrees, on no
account with anything like a jerk. With this end in view,
indeed, the general custom now is almost to close the
entrance to the gauge, only leaving the minutest hole
through which the gas can but gradually force its way, no
matter how suddenly it may have been turned on.
With a view to prevent the filling of a bottle which might
contain some hydrogen with oxygen, or vice vein& and the
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interchange of fittings, the screw threads at the mouth of
the oxygen cylinders are of a different pitch to those for
hydrogen ; in consequence, fittings made for an oxygen

for turning on and adjusting the flow of the gas, possesses
the drawback that its powerful leverage in turning off the
gas may cause injury to the valve seating ; to obviate this

cylinder cannot be screwed into one made to contain hydrogen, nor is the reverse of this possible. To distinguish the
cylinders, those intended for the reception of oxygen are

usually painted black, those for hydrogen bright red, and
this rule should apply not only to the cylinders themselves,
but also to the painted portions of the gauges, regulators,
and jet taps. If, in addition to this, black rubber tubing is
used for oxygen and red for hydrogen, the connections
will become far clearer, and any alterations necessary in
them, however complicated the system, will be made with

Fig. 23. .PIANO KEY.

little chance of mistake.

The gas can be used direct from the cylinders to the jet
without the intervention of any regulator, but this is not
advisable, and unless absolutely necessary should not be
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0
Fig. 24.

LEVER KEY.

Fig. 25. BRIN'S HINGED LEVER KEY.

attempted.

If, however, circumstances necessitate such a
course, all regulation of the supply of gas must be done at
the valve of the cylinder itself,
the taps at the jets being
left full on ; on no account must
the jet tap be turned off.
If this were done the pressure
in the cylinder would rapidly
'00-0111k:1 accumulate behind the jet, and
the tubes would be blown off,
or, if tied on, burst. Where
the regulation has to be
done at the cylinder, a form of
screw-down valve in which

the adjustment can be regu-

Fig. 22.

FINE ADJUSTMENT VALVE.

lated to a nicety will be found
a convenience, one of these is
shown in Fig. 22. Biunial and
triple lanterns necessitate the

use of regulators on the cylinders.

Cylinder valves are worked by means of a key, which
is generally of the form used by piano tuners, Fig. 23, or of
a plain lever pattern, Fig 24. The lever key, while handy

Messrs. Brin have introduced a hinged lever key, Fig. 25,
which can be used as a lever key for opening the valve, but
which when applied to close the valve folds up into the
piano key form.

It should be hardly necessary to point out that cylinders

in use should be prevented from rolling about, they are
most convenient when held erect in a box with firm
footing, if simply leaned up against anything they should
be tied.

No oil or other lubricant should on any account be
allowed to come into contact with the cylinder valves or

fittings, and when cylinders are used in the vertical position
care must be taken to prevent grit or dirt of any kind falling
into the valve opening.

When a cylinder of gas is obtained, unless it is going
to be used at once, the valve should be tested for leakage
by plunging it under the surface of water, when, if there
is a leak, bubbles of gas will manifest themselves. An
efficient but not so cleanly method consists in moistening
the finger with saliva and making a slight film or bubble
over the mouth of the valve. If there is a leakage the
bubble will be distended.
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Pressure gauges and regulators are often screwed together
and used as one fitting, as shown in Fig. 26, a very convenient

COMPRESSED GASES.

foot, red or black.
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Latterly a piping formed by convolu-

tions of a corrugated iron strip has been put upon the
market, which, where the gas has to be led any distance, is
excellent. It can be got in any length, with unions fitted

to its ends, at very little if anything more than the cost
of good rubber tube, and if one or two of the audience

chance to stand on it, it does not collapse at once and put
the light out, as rubber would. The rubber tube formed on

Fig. 26.

COMBINED REGULATOR AND GAUGE.

method.

If no regulator or other fitting is used on the
cylinder, a nipple will be required to which to attach the
tube (Fig. 27). Rubber tubes are

best simply slipped over the metal
tubes to connect them, and not tied

in any way, but to do this they

must be a good fit, that is, not too
loose. If tied, and from any cause
the pressure becomes excessive,
they will burst, whereas if only
slipped on they will simply be
blown off.
Fig. 27. NIPPLE.

The rubber tubing should be
fairly stout, so as not to be likely

to form "kinks," and should not be of the cheapest quality.
A very good kind can be obtained at about sixpence per

an iron wire spiral is best avoided.
Coal gas if kept in a cylinder any length of time greatly
deteriorates, attacking the steel and forming with it a viscous
liquid known as iron carbonyl. The presence of this in the
gas is manifested by a rapid blackening or reddening of the
lime which lessens the illumination, and by a blocking up of
the nipple of the jet. The amount of iron taken by this means
from the substance of the bottle is not sufficient to materially
weaken it, but the compound is annoying in the way abut e
indicated, and clogs up the cylinder valve.
The railway companies having thrown difficulties in the
way of the carriage of cylinders of compressed gas, since one
or two recent accidents, the stipulations which the Midland
Company make for this service are given, as typical of the
nature of such regulations generally. The sender has to sign a

form stating that he certifies "that the consignment complies with the conditions that the cylinder or cylinders must

be of wrought iron, or of mild steel of the best quality, containing not more than 0.25 per cent. of carbon, thoroughly
annealed after manufacture, of sufficient strength, and
efficiently tested." This should be stipulated when pur-

chasing the cylinder, upon the seller of which should be
thrown the responsibility of supplying an article with such
a guarantee. The company also require that the cylinder
shall be securely protected by being
Encased in closely plaited hemp or coir ; or

fixed in ordinary wooden box without lid, but with
rope handle ; or

loose in ordinary wooden box, with lid secured by

strap ; or
efficiently protected by closely-woven wickerwork, the
valve of the cylinder not to project beyond the wickerwork.
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The company also disclaim all responsibility, risk, liability,

and the duties of common carriers as far as this traffic is
concerned. Cylinders are carried both by passenger and
goods trains, but in both cases have to be paid for, as the
companies decline to recognise them as passengers' luggage.
The various forms of protection mentioned above can now

be procured from several of the firms supplying lantern
requisites.

CHAPTER VI.

attiratorii,311canbecent (3a6 113tiniew, Etc.
THE oxy-calcium light is not sufficiently powerful for the

largest displays, and a substitute for coal gas enabling the
mixed jet, with its intense illuminating powers, to be used,
was sought for and to a great extent found in oxygen containing as much as possible of ether vapour. If oxygen gas is passed

over a large surface of the volatile fluid, ether, it picks up

a quantity of that substance in the form of vapour, and
when saturated with it the two form an inflammable
but non-explosive gas, which can be burned in place of
hydrogen ; when the oxygen only contains a fraction of
the requisite amount of ether, it forms a powerful explo-

sive mixture.

The apparatus for saturating the gas with ether, or with
benzoline vapour, which has been used as a substitute, is
known as a saturator, a general idea of the arrangement for
the use of which can be gathered from Fig. 28. Only one
cylinder, E, and regulator, F, are required in such a case, the
oxygen on leaving it being taken in two directionsin one case

along the tube A to the oxygen tap of the jet, in the other
along B to the saturator c, whence it emerges by D to the
hydrogen tap.
Saturators have been with more or less
justice under a cloud for some years, but within the last few
months the introduction of one or two forms which appear
to stand the most irrational treatment without exploding,
and which possess other advantages, seems to be bringing them

into favour again.

One of the difficulties earlier inventors

o2
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met with was due to the rapid cooling of the ether by its

SATURATORS, INCANDESCENT GAS BURNERS, ETC.

37

obtained, which can easily be surpassed by a petroleum

evaporation, which, since the lower the temperature the less
volatile the fluid, soon led to the oxygen passing over without
picking up sufficient vapour. The earlier patterns usually

lamp, and we therefore merely allude to it.

later patterns utilise the waste heat from the jet by enclosing
the saturator with the jet itself in the lantern.
The fact that the writer has had no experience with this
form of light is sufficient reason for not dealing with it here

previously been mixed with air, is surrounded by a mantle
or gauze-like covering composed principally, we believe, of

ignored this difficulty, leaving the operator to warm the
saturator with hot water, a hot brick, or even a lamp, but

Fig. 28.

ARRANGEMENT FOR USING ETHER VAPOUR.

at any length ; but besides this, it is not a form of illumination which any but skilled lanternists should attempt.

Quite apart from the safety or otherwise of the various
forms of saturator now readily obtainable, ether, an extremely volatile fluid the vapour of which forms an
explosive mixture with air, in inexperienced hands may
be most dangerous, and is best left alone.

Coal gas by itself was occasionally used in the lantern,

being burnt in a ring or Argand burner, but its heating
power in this form is out of proportion to the light

Quite recently another illuminant employing coal gas

alone has been put forward, in the shape of the incandescent
or Welsbach light. In this a Bunsen or feebly luminous

but very hot flame, caused by burning gas which has
zirconia.

This at once becomes white hot and emits a

brilliant light, which, while not Etanding comparison, either
in intensity or concentration, with limelight, is still brilliant
enough for many purposes. The system has not, as far as
we know, been adopted in many lanterns, but it possesses
advantages in the shape of simplicity and economy which
may lead to its extended use in the future.
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inch above the top of the wick holder. A soft lime having beer

put upon the pin and the lamp lighted, when it is seen thal
the flame is burning properly, the oxygen can be turned slowl)
on until the best light is produced. With this, as indeed with
all jets, it will be found that on turning on the oxygen there is
a point beyond which the light, instead of getting more brilliant,

positively decreases with the increase of oxygen. This is due
to the rush of cold gas, more than is required for the purposes
of combustion, which cools the flame. When, therefore, a jet
is burning badly, it should be seen that it is not getting too
much oxygen, nor, for the matter of that, too little either.
The form of the oxy-alcohol light, shown in Fig. 7, was

CHA PTER Vii.

3CO.

designed by Mr. E. G. Wood, and is more elaborate than
many oxy-calcium jets, but the principle in all is the same.

JETS may be divided into three broad divisions, the oxycalcium, the blow-through, and the mixed, to which we have
already referred (pp. 12 and 13, Figs. 7, 8, and 9). The
various features which these jets possess in common have
been considered ; it only remains to discuss those points in

which the types differ.

In this case the lime is provided with a shield, which

protects it from the currents of cold air in the lantern, and
the wick chamber is annular or ring-shaped, the oxygen
passing up the centre and being blown into the middle of
the flame. This lime shield can be applied to any other
form of limelight, and its use is advocated by some, who
maintain that more light is obtained with than without it.
The blow-through jet is often spoken of as the "safety,"
and sometimes as the "separate," jet, because, as originally

The oxy-calcium, as being the

simplest and the one which yields the least amount of light,
will be first dealt with.
The oxy-calcium jet, as it is generally styled (Fig. 7),
should be called more properly the oxygen-alcohol jet, since
all limelight jets would reasonably conic under the title oxycalcium, meaning one employing oxygen and lime. This form

designed (shown diagrammatically in Fig. 29), the two gases
being kept in separate tubes throughout and only mixed in
the flame itself, by no mischance could either tube contain

of the limelight does not give anything like so much light as the

blow-through jet, or still more as the mixed jet, but is nevertheless a simple and convenient illuminant, and one much
more brilliant than any oil lamp. It consists of a cylindrical
reservoir, from which a pipe leads to the front of the jet and

terminates in an upright tube containing a cotton wick.
Just behind this is the lime pin.

The oxygen is supplied by

means of a tube which is fixed under the reservoir, and

Fig. 29. EARLY FORM
OF BLOW-THROUGH Jr.T.

which passes along close to the other tube and bends round
in front of it, terminating in a nozzle. The reservoir is filled

a mixture of the two gases.

with methylated spirit, the wick-holder being filled with
straight lengths of the loose cotton wick supplied for the

Fig. 30.
BLOW-THROUGH JET.

Blow-through jets at the

present time are usually constructed in the manner shown in
Fig. 30, where it will be seen that the jet of oxygen is blown
right into the middle of the coal-gas flame. Such a jet is as
little likely to allow of any mixture in it as Fig. 29, but when

purpose, which should not be packed too closely together, and

the ends of which should stand out about a quarter of an
4
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As the jet plays upon the lime it gradually "pits "it, and
the lime must from time to time be turned. Large wings of
burning hydrogen should not be allowed to play each side of

the oxygen nozzle is withdrawn further into the jet, or, what
comes to the same thing practically, when a nozzle is fitted

to the jet, as shown in Fig. 31, the mixture of the gases is
effected very much better, and the light emitted from the

the lime, as such a course is wasteful, and they may be
directed against the condenser and damage it ; they also

lime is proportionately increased, but a danger,
or rather an inconvenience, is experienced. If

help to heat the lantern unnecessarily.
The mixed jet, which yields the most intense light of any,

in such a jet as Fig. 31 the oxygen be turned
completely off, the coal gas will to a certain
extent make its way into the oxygen tube, and
when that gas is turned on again the mixture
in that tube will cause a slight explosion or
" pop, " putting out the light and startling the
Fig. 31.
BLOW-THROUGH
audience,
although nothing more serious will
JET
result. Such an occurrence can be prevented
WITH NOZZLE.
by turning the oxygen not quite but nearly off,
so that just a faint blue bead in the flame indicates that it
is still passing.
In this form of jet the coal gas or hydrogen is always in
large excess of the oxygen, and the area of lime heated is
much larger than with the mixed jet. On the other hand, a
light powerful enough for everything but the largest displays
can be obtained with a blow-through jet, together with an
almost complete guarantee against mishap.
To use the blow-through jet, the lime should be adjusted
about half an inch from the gas orifice, but not clamped
there, and the hydrogen lighted and turned full on. (We
might mention here that the hydrogen and oxygen pipes and
taps should be distinguished both by colour and by having

is shown in Fig. 9. As its name implies, the gases are
'mixed before being burnt at the nipple, and to this end the
two tubes terminate in a chamber below the nipple itself.
The nature and form of this chamber have been the subject
of many and careful experiments by the Rev. Hardwich,
Mr. Lewis Wright, and others, and the outcome of their
work has resulted in the form shown in section in Fig. 32.
The chamber, which is here shown, is filled up with a series
of circular discs, each alternate disc having a central hole, and
the others a ring of smaller perforations, the discs being separated by rings. These discs are shown by the side of the
chamber in the figure. Such a chamber ensures the gases

being most thoroughly mixed, and when burnt in this con-

dition the most intense heat and consequent light is produced.
As with the blowthrough jet, the hydrogen should first be
turned on and lit,

then the oxygen added slowly until the

best light is obtained.
If the jet should roar,
the gas should be

the words OXYGEN and HYDROGEN engraved on them, or,

better still, the handles of the taps should be different in

regulated until it

shape, telling the operator by the feel alone of which he has
hold.) The oxygen must now be slowly turned on until any
increase in its amount ceases to cause the light to increase.
When no more light can be obtained by adjustment either
of the hydrogen or oxygen, the lime should be moved slightly

ceases to do so ; with

some jets this cannot
be done. In this case

the roaring is a sign
Fig. 32. MIXING CHAMBER.
that the gas passage
in the nipple is not perfectly smooth, and this is best

nearer or further away from the jet until the position
found where the light is most brilliant. When this is
ascertained, the holder should be clamped there once and
for all. To turn the jet out, the oxygen should first be
is

remedied by the maker.

To extinguish the jet, the oxygen

is first turned off and then the coal gas, the tubes on

no account being detached until the light is out. Should

cut off, and then the hydrogen lowered.

4
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anything go wrong, the oxygen should at once be turned off.

unless the pressure is greater also, and even then only
within certain limits, a point being soon reached beyond
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The roaring may also be caused by the lime being at an
unsuitable distance from the nozzle, or from it being pitted,
in which cases the remedies are obvious.

It will be found that with this form of jet the lime will
require turning nearly every minute ; with a blow-through
this is not so frequently necessary. The correct distance
between the lime and the nozzle of a mixed jet is about oneeighth of an inch. It is possible to use a mixed jet with the
coal gas supply drawn direct from the main, but it is not at
all advisable to attempt this, two cylinders should invariably
be used.

Mr. Pringle is the inventor of an attachment to the jet,
which is shown in Fig. 10, in which two taps are seen in the

middle of the gas tubes, actuated from the back of the
lantern by means of a rod and bevel wheels. These taps
being left open, and the jet adjusted in the usual manner, if
it is required to turn it out for a little while, it can be done
with the knob, which turns the oxygen completely off and
leaves a little coal gas passing to keep the jet alight.

When

the light is wanted again the knob is turned back and the
jet is once more burning properly without having to be
readjusted, as would be the case had it been extinguished in

the usual way by means of the taps used for adjustment.
This "cut off," as it is called, is also handy for lowering
the light a little when necessary, since both gases are cut
off in proportion.

The form of mixing chamber shown in Fig. 32 does not
answer when an ether saturator is used in place of coal gas,

on account of the danger of a light passing back into the
saturator and causing an explosion. For this purpose, there-

fore, a jet is employed in which the mixing chamber is

packed with pumice or other material designed to act on the
same principle as the gauze in the miner's Davy lamp, and
to prevent any flame passing through it.
The mixed jet yields a much more concentrated spot of
light than the blow-through--an advantage optically. This is
due to the smallness of the flame, which cannot be increased

with advantage. A feature of all jets is that by increasing
the bore of the nipple the amoun' of light is not increased

which such increase becomes both wasteful and noisy.

It will be noticed that the jet plays upon the lime at an
'angle, and the amount of this angle affects to a great extent
the amount of illumination. If the nozzle is at a very slight
angle to the lime, that is, if it is nearly vertical, much of its
heating power will be lost, if the angle is too great the
shadow of the nozzle will be thrown upon the condenser.

THE ELECTRIC LIGHT.
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'Where a very intense light is desired, one of these lamps

can be "overrun," that is to say, can be put on a circuit of
greater pressure than that for which the lamp is intenited.
The light emitted increases in a very rapid ratio, and soon
becomes as bright as any limelight jet, but the life of the
lamp is much shortened, a new one being required much
sooner than would otherwise be the case. This overruning is most conveniently done by the use of what is known
as a variable resistance, shown in Fig. 34. By moving the
handle A to the right, the coils are gradually taken out of the

CHAPTER VIII.

he Electric iiigbt.
THE electric light has been applied to the lantern both in
the form of the incandescent and of the arc lamp. In the

former case, with a
view to keep down
the size of the lightemitting surface, a

special type of incandescent lamp has
been invented and
supplied by the Edison

Swan Co., which is

shown in

Fig.

33.

In this it will be seen

that the filament, as

the little carbon
thread which emits
the light is termed,

is in the form of a
closely coiled helix.
Such lamps are made
usually either of 50 or
100 candle-power, and
Fig. 33. INCANDESCENT LAMP FOR THE LANTERN.

the light being very
concentrated, as much

can be got out of a 50 candle-power lamp of this kind
as out of a very much more powerful petroleum lamp.

Fig. 34. DIAGRAM OF THE CONNECTIONS FOR
INCANDESCENT LAMP AND VARIABLE RESISTANCE.

circuit, and in consequence more current passes through
the lamp, with the result that the light emitted increases,
becoming at the same time much whiter in colour. Neither
this nor the arc light can be run except at a prohibitive cost
from batteries, but where the current is laid on they are
convenient.
A neat form of holder for these lamps is a plain socket
in which slides a brass tube attached to the stem of the
lamp, the lamp being held at any elevation, as shown in

46
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Fig. 35, by the screw s. The holder shown in Fig. 35
should be secured by screws to a board cut to slide in

Borland, of Leeds, it is also made for hand feed ; several
other patterns are on the market which space precludes us

the grooves in the lantern, so as to be readily centered. In
Fig. 34 (a diagram of the connections for the incandescent
lamp), the variable resistance, B, can
be dispensed with if the lamp is only

from describing. Of hand-fed lamps, Davenport's, made by
Messrs. Steward and Co., though in the writer's hands for
but a short time, has so far proved satisfactory. It is shown

to be run at its normal brilliancy, in
favour of a fixed resistance, or if the
current is supplied at the pressure re-

quired by the lamp the resistance can
be done away with altogether. The
connections with the mains are shown
at c c.
The arc lamp is, however, the form
of electric light which seems peculiarly adapted for projection purposes,
since it fulfils two important conditions,
Fig. 35. HOLDER FOR

a most intense light with the smallest

possible area. The arc lamp is so
called because the light is caused by the
current passing across an air space or arc between two carbon
INCANDESCENT LAMP.

points, which are, by it, heated to a great brilliancy. The arc
has first to be "struck," that is, the carbons must touch each
other when the current is first switched on, and have then to
be separated to the required distance to form the arc. As
the light is emitted the carbons gradually burn away, the
positive at about twice the rate of the negative ; means
have, in consequence, to be provided to keep their ends, or
poles, at an uniform distance apart, so that the arc may be
maintained.
Arc lamps may be divided into two classes, according to the

way this uniform distance is maintainedautomatic when
the current itself actuates or regulates the "feed " of the
carbons,
operator.

and "hand fed" when this is done by the

Both kinds are made in a convenient form for the
lantern, but as hand-fed lamps do not require much attention from the lanternist, who is, moreover, on the spot to
give them that little, and as they are much cheaper and less

likely to get out of order, they are to be preferred. Fig.
36 is a simple type of automatic lamp, the "Scissors," by
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Fig. 36. THE "SCISSORS" AUTOMATIC ARC LAMP.

in Fig. 7. The upper is the positive carbon, which is
gradually fed down by the rod and handle seen projecting
at the back, the lower or negative carbon being pushed up by
a spring against two screws, which prevent it going too far.
To get the best light the end of the negative carbon should

be a little nearer the condenser than the other, and the
arc should not be too long. If too long, a flame will be

seen to play round it ; if too short, it will probably "sing."
When the carbons have burned for a little time it will be
seen that while the negative has come to a rounded point
in shape, the positive has a little bowl or crater at its end,
and it is from the inside of this crater that the most intense
light is emitted: It is for this reason that the arc lamp for
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lantern purposes generally has its carbons out of the

Carbons are sold in various sizes, known by their diameter
in millimetres, and are either solid or cored, the latter containing a core or pith, as it were, of a carbon softer than the
outside. The positive carbon should be cored, the negative
solid : the Davenport lamp is made for 8 mm. carbons. In
getting carbons for lantern purposes, the best quality, not
necessarily the highest priced, should be obtained, since
they are not an expensive item, and the regular and quiet

vertical and the negative carbon slightly in front of the
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burning of the lamp and absence of sputtering depend
upon their quality. The Siemens and Conradty makes are
both satisfactory in this respect.

With arc lamps, what is called a resistance has to be

employed.

This is generally a series of coils of platinoid or

Fig. 37. DAVENPORT'S ARC LAMP.

other, since by such an arrangement the crater becomes,

as it

were, tipped on

one side, so as to present

its

interior
towards the
condenser. This will be
best seen from Fig. 38,
in which A is the positive, B the negative

carbon, c the crater, and
D the condenser. When
the current supplied is
not continuous but alternating,

it will not be

found so convenient for
lantern purposes the
lamp will sing, and no
Fig. 38. THE ELECTRIC ARC.
crater will be formed ;
it is not, therefore, in such a case, necessary to distinguish
between positive and negative carbons, the current rapidly
alternating from positive to negative and back again.

Fig. 39. DIAGRAM OF THE CONNECTIONS FOR AN ARC LAMP.

man ganin wire, through which, as well as through the lamp,
the current passes. The size of the resistance must depend

on the pressure of the current supplied, and for this purpose an electrician should be consulted. Fig. 39 Ehows
the way the switch and resistance should be connected
up ; it is immaterial whether the resistance is interposed
between the negative or the positive terminal and the lamp.
In the figure, the positive and negative terminals of the

711
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lamp are marked + A and A res ctively, the current is

taken from the two terminals + B andB; C is the switch,
D the resistance, and E the arc. A variable resistance is
shown in the figure, but if a suitable amount of resistance
is introduced, the power of varying it is not required, at
any rate under ordinary circumstances.

The most suitable wires for use with the lantern are

what are known as twin silk-covered flexible, in which the
two are insulated with rubber and silk, and twisted together.
Each main wire or lead is made up of a bundle of fine wires
to give the whole flexibility; for the lamps usually em loyed
in the lantern, each lead should have a carrying capacity
equal to a solid wire of 4 B.W.G.

CHAPTER IX.

Zbe 'lantern 1,6obp.
THE various illuminants for use in the lantern having
been considered, the body of the lantern, which is required
to cut off all stray light which would otherwise reach the
screen or the eyes of the audience, and which serves to hold
the various parts in their relative positions, next demands
attention.

In the case of oil lamps, the body is sometimes a part
and parcel of the lamp itself, but more often is a metal
case in which the lamp slides. The best material for the
purpose is Russian iron for the box portion, A B, Fig. 1,
and brass for the tubes H H, which carry the lens. In
lamps of the type of that shown in Fig. 6, the lamp itself
carries its chimney, which emerges through a hole in
the top of the lantern, and the body of the lantern is
brought down nearer to the lamp and so made more compact.
For dissolving views with petroleum lamps, the two lanterns
are placed side by side. The better class of instruments in

which oil lamps are used, have bodies made of mahogany

with brass fronts, and are fitted so that the lamp can be
drawn out, and the usual tray and jet substituted when limelight is required. In such a case the lantern should have
an inner lining of iron separated from the woodwork by an
air space, to prevent the wood from getting hot.

Lanterns for limelight and for the electric arc should
always be made in this way. They should be provided
with a door on both sides as well as an opening at the
D2
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THE LANTERN BODY.

back by which to introduce the illuminant, and a curtain
should hang loosely round the back of the lantern, and
cut off the stray light which would otherwise escape
thence into the room. The doors usually are provided

above the other are known as a binnial (Fig 41), are necessary.
The dissolving is effected with limelight by turning one
jet down and the other up, with lamps, by moving a notched
screen be1or3 one of the lanterns and simultaneously remov-
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with a little window glazed with red or blue glass, so
that the working of the lamp can be observed. These

windows are not of much use, most operators preferring
to look at the naked light itself, but they might be made
more suitable by being both larger and glazed with, say, a
deep red and blue, or a very dark neutral-tinted glass.

This

becomes a necessity with the arc lamp, which cannot be
watched through the usual windows at all. With the arc

lamp care must be used that at no time either carbon
holder or other part conveying current is brought into
contact with the metal lining of the lantern body.
The base of the lantern is best a perfectly flat board, with

an arrangement such as that shown in Fig 40, by which
the entire apparatus can be tilted up or down. The base

should be stood for
use upon an equally
flat surface, bearing

in mind that the
Fig. 40. TILTING STAND FOR THE LANTERN.

slightest motion of
the lantern will be
enormously magnified upon the screen.

The holes by which air is admitted to the lantern are best

placed at the bottom of each side, and with oil lamps

especially should be of ample size, and must be seen to be
perfectly free. Nothing helps so much to keep a lantern
cool and in the best working order as a regular and ample
current of air passing right up through it, but not a draught
or irregular one which may endanger the condenser.
For all ordinary purposes a single lantern is sufficient.
It is much the easiest to work, has less to get out of order,
and is less expensive both in prime cost and in working.
For photographic slides, for enlarging, and for scientific
demonstrations it is all that is required. When, however, that
gradual melting of one picture into another known as
dissolving is desired, two lanterns, which when placed one

Fig. 41. A B1UNIAL LANTERN.

ing a similar screen from the other ; as shown in Fig. 42, A A

being the objectives of the two lanterns.

For what are

called effects, in which sunlight fades into moonlight, build-

ings are illuminated, curtains roll up or down to display or
cover up the picture, and similar things, two, and often three
lanterns are employed, the latter being known as a triunial.

Much work is often lavished on these structures, in the

shape of bright brass rods and fittings, rendering them most
costly luxuries ; but essentially they should consist of three
lanterns, each possessing in itself the most desirable features
of an efficient single lantern, the only really necessary extra
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being in the case of the limelight, which is invariably

mounted slide is inserted and pushed right up to the stop,
the picture is exactly in the required position on the screen.

employed with them, a dissolver or tap for simultaneously
lowering one light and raising the other. They should be
so built that one lantern
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The unmounted slides are held in what is called a
carrier, of which there are many patterns. The simplest

can be separated from
the rest and used by itself when necessary. The

fronts of these must,

moreover, be fitted in such
a manner that they can be

inclined one to the other,

and so adjusted that the

picture shown by each
lantern falls in exactly
the same place upon the
Fig. 42. DISSOLVER FOR OIL LAMPS.

screen.
The lantern front should

consist of a stout brass

Fig. 44. A FRAMED SLIDE.

plate securely clamped to the woodwork by its four corners,
carrying on one side of itself the condenser and on the other

form of carrier is shown in Fig. 45.

This consists of
two horizontal strips of wood held apart by two vertical
pieces ; on the inner sides of the longer pieces are

the receptacle for the slides or for the slide-carrier, and a
telescopic tube which bears at its end the objective.
Immediately in front of the condenser is a gap, open at both sides
and sometimes at the top, in

which the slide to be shown is

Slides are used in two
forms, the slide pure and simple,
Fig. 43, composed of two glasses,
each 3i inch by 3i inch, bound together by their edges, or this slide
is mounted in a wooden frame,
- - - - *L. ----- Fig. 44. In the latter case it is
Fig. 43.
held in the lantern by two springs,
AN UNFRAMED SLIDE,
one of which is shown in Fig. 1,
SPOTTED.
which press it up against the
lantern front. To show dissolving views and effect slides
properly, they should always be mounted, and a brass
runner with a stop inserted in the gap of the lantern. The
mount must then be carefully adjusted, so that when the
inserted.

-

Fig. 45. SIMPLE FORM OF CARRIER.

4*

grooves along which a slide 31 x 31 will slip. This form
has been improved by making the length of it such that on
pushing a second slide in until the finger is stopped by the
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wood of the carrier, the first slide is in the centre of the

by which this is effected is extremely simple, and the only
drawback the carrier possesses is one in common more or
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In some forms the grooves are bigger, and a frame
holding two slides can be pushed backwards and forwards
as shown in Fig. 46. This has the drawback that the slides
opening

are inserted and taken out from alternate sides of the lantern. In the simpler pattern the slides are put in at one
side and taken out
at the other, a more
convenient method,
but still not so good
as one by which they

are manipulated entirely from one side.
Fig. 46. A SLIDE CARRIER.

This is the case

with the Eclipse
carrier, one of the most ingenious devices of the many which
lanternists owe to Mr. R. R. Beard. The Eclipse carrier, which
is shown in Fig. 47, consists of a frame with a brass runner
carrying the slide. The runner being pulled out, the slide
is put on it and pushed into the lantern, after which the runner

less with all othersthat it does not deal well with slides

which vary much in thickness. This difficulty has been surmounted in one form of the carrier shown in Fig. 45, by the
introduction of two springs which keep the slides pressed up
against one side of the groove, and so prevent one slide overlapping the other when pushed through, the grooves being
made sufficiently wide to accommodate the thickest glass
likely to be met with ; this is due to Mr. Chadwick.

Other forms of carrier are those in which the slides are
actuated by a tape travelling over pulleys ; those having a
shutter which cuts off all light while changing a slide ; a
third variety made by Messrs. Archer, of Liverpool, has a
screen of matt celluloid by which the picture is partially
obscured during changing, which is done by one movement
of a lever.
A carrier, although apparently a simple and unimportant
part of the lantern outfit, is, as regards the smoothness and
success of an exhibition, one of the most vital spots.

A case

occurs to me where the regularity of a display was ruined
while the operator was engaged in extracting a slide stuck
in the carrier in consequence of a piece of its binding having
become loosened. In the presence of an audience such

a mishap should be impossible, the slides should pass

through in an even and unbroken succession. To secure
this, nothing is so effectual as the simple push-through
carrier, shown in Fig. 45, provided it has springs as mentioned, and provided that the groove at the bottom is just
so deep that the centre of a 3,1 x 31 slide comes in the centre
of the opening, the top groove being fully one-eighth deeper
than this. When this is the case, slides of varying thick-

ness and height can be passed through without any overlapping, and without the smaller slides falling backward or

Fig. 47. 1HE ECLIPSE CARRIER.

is again withdrawn and a second slide inserted. On pushing
this into position, it is superimposed on the first, so that the
two pictures are seen mixed up on the screen, the first being
withdrawn on pulling the runner out once more to put the

forward or the bigger ones jamming.

position occupied by the first, with a little click.

Dperator may be able to tell by a glance whether it is in the

next slide in, when the second springs up into the exact

The means

A point generally neglected, but in the case of a public

display a great safeguard against accident, is the provision of

some arrangement by which the slide in the carrier, just
before it is passed into the lantern, can be seen, so that the
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proper position.

Slides, for a reason to be given hereafter,

have to be inserted upside down, and as the most careful
lanternists are but mortal, a time is sure to come when a

slide gets in the right way up, and the picture on the

screen is upside down, a fact which is first conveyed to the
attention of the lanternist by the sight of the screen. This
could very well be guarded against by some arrangement by
which the slide can be seen in position, but before it enters
the lantern.
The tube which carries the objective should be provided
with at least one telescope joint, so that lenses of different
focus can be used. As a rule the tubes are made to suit
lenses of about 6-in, focus, but should certainly be able to
carry a 9- or even a 12-in. lens. The draw motion should be
smooth, but not too easy, the lens being held with sufficient

firmness to admit of final focussing with the rack and
pinion with which it is provided, without the slightest
motion of one tube in the other.

On the design of the lantern body depends to a great

extent its portability.

Fig. 48.

The usual form is not a particularly

THE MATTHEWS' LANTERN.

portable one, but with a little modification this desirable
feature can be largely introduced ; the popularity and convenience of the limelight having led to a very great

decrease in the size and cumbersomeness of lanterns. This
is seen to its greatest extent in Fig. 48, which represents
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the Matthews' lantern, an instrument capable of giving as
large and brilliant results as any single lantern made, and
packing into a box which acts also as its stand, the weight
of the whole being but ten pounds. There are other patterns
obtainable also in which compactness has been carried almost,

if not quite, as far as in the "Matthews," and with no loss
of efficiency.

THE OPTICAL SYSTEM.
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represented by the lines EE and F F passing through the centre
of the slide B. The rays GG HH which reach the edge of

the slide would, if allowed by the tube of the lens, travel as
indicated by the dotted lines. In Fig. 50 we have the same

CHAPTER X.

ZLbe Optical %pstem.
WE have considered the light and the mechanical portions

of a lantern, and have intentionally reserved the most
important part of alli.e., the lenses by which the image of

the slide is thrown upon the screen, until last. The optical
system consists of the condenser, the function of which is
not to condense the light upon the slide, but to divert the rays

from the lamp so that the margins of the slide as well as
the centre shall be illuminated by rays which can reach
the objective, and the latter itself which is used to secure a

Fig. 50.

DIAGRAM SHOWING THE FUNCTION OF THE CONDENSERS.

arrangement again, but in this case the condenser, j, has been
introduced. The effect is not to condense any greater
amount of light upon the centre of the slide, but to bend
down, as it were, the rays G G H II, so that they not only pass

through the slide but reach the objective. It will also be
obvious from this that it is important that the focus of the

sharp and brilliant picture.

That the purpose of the condenser is really what we

have said can be seen on reference to Fig. 49, in which are

Fig. 61.

CONDENSERS.

condenser for the rays from the light shall be somewhere
Fig. 49. DIAGRAM SHOWING THE LANTERN, BUT WITHOUT CONDENSERS.

sketched the arrangements of a lantern and screen minus
the condenser. It is evident, since light under ordinary
conditions travels in straight lines, that the only direct light
which can fall on the screen D from the light A, will be that

-

about the position c of the objective.
Condensers in the simplest form are merely double convex

lenses, as shown in Fig. 51,A.* These are never to be
met with now except in toy lanterns, and have been supThe curves in this figure, as indeed in most, are intentionally a little
exaggerated, the aim being to give a general idea of their arrangement
rather than an illustration which is strictly accurate but obscure.
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planted by the form shown in B, in which two lenses are
employed, both with one convex and one plain surface, the
convex sides facing one another, and almost in contact. This
is an excellent form of condenser for all ordinary purposes,
if well made, and is met with far more often than any other
pattern. At c is another very good condenser known as
Herschel's, which is also often fitted to lanterns, and answers
in practice as well as B ; it is often made with the meniscus
or concavo-convex lens a little smaller than the other, and the
double convex lens has its inner curve flattened, in which form
it is known as Gravett's. n is one of the forms suggested
for a triple condenser, or one made of three lenses ; we lately

saw a lantern fitted with a triple condenser with a very
satisfactory result.

63

a 41 inch will be wanted. In getting a condenser, two

points should have attention : the glasses should be mounted
quite loosely in their brass rings so as to rattle when shaken,
if not, when expanded with the heat of the lamp they will
most likely break, and the lenses themselves should be as
thin as possible at their edges. The slide should be as near
to the condenser as the carrier will allow. For photographic
enlarging, condensers will be required of a size dependent
upon that of the negative from which the enlargement is to
be made ; for good illumination its diameter should be at least
an inch longer than the diagonal of the negative.
The objective for projection purposes is, in the cheapest

lanterns, what is called a piano-convex (A, Fig. 53), or a
meniscus (B and c), but these are not at all to be desired,

It will be seen from Fig. 52 that the amount of light

which falls upon a condenser, and which may be roughly
considered as the
amount available

for

illuminating the slide,
depends upon the
diameter of the con-

denser and the distance

at which it must be
from the lamp, for it
is obvious that a condenser at A would receive more light than
Fig. 52.
DIAGRAM TO SHOW THAT THE NEARER THE
CONDENSER IS TO THE SOURCE OF LIGHT,

THE MORE LIGHT IT RECEIVES.

one of the same size at
B, since in the first case

not only will the rays

EE F F fall upon it which
fell upon B, but it will embrace G G H H. Certain practical

considerations, particularly the danger of having the thick

glass of a lens too near the light and consequent heat,
prevent the general use of condensers of such a size and
focus as to make the angle at c more than about 70 degrees.

For the usual photographic slide with a circular mask a
condenser of 4 inches diameter will be found large enough,
but if slides with very large masks with square corners are
to be shown, such a size will not be found sufficient, and

Fig. 53. LANTERN OBJ...CTIVES.

especially in those of short focus ; foranything over 10 inches
they are frequently very satisfactory. With the introduction
of the rapid modern dry-plate in photography, however, the

necessity for the very " quick " lenses for portraiture has
largely disappeared, and portrait lenses as used by photographers answer all the requirements of the average lanternist

admirably, and are frequently to be met with at a very low

This lens, shown diagrammatically in Fig. 53, D, was
the invention of Professor Petzval; and it or its modifications
in the hands of Dallmeyer are excellent for projection. Several
opticians now make special lantern lenses, based more or less
upon this pattern, one or two of which we have used at one
time or another with satisfaction. This type not only allows
a large amount of light to pass, but it also possesses a very
flat field, a quality the nature of which must be explained.
price.

THE OPTICAL SYSTEM.

MODERN MAGIC LANTERNS.

64

The function of the objective can be seen from Fig. 53A,

where the paths of three of the rays from the lowest part
of the slide only are shown, to avoid confusion, coming to a
focus on the screen at G. With many lenses the rays which

pass through the centre of the slide would not under such
circumstances come to a focus also upon the screen, but at
some point further off than it, say at FL The further the
rays from the centre, the nearer to the lantern would be the
point at which they will come to a focus; in fact, to obtain a per-

fectly sharp picture with such a lens, the screen itself would
have to be concave, like the inside of a saucer. Such a lens
would be said to have a curved field, and a lens free from
this defect a flat field. In selecting a lens for use in the
lantern it should always be tried in the lantern itself, and a
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lantern and screen for a given size of disc. Perhaps the most
useful length is 6 in., which has the advantage of being that
of a large number of the portrait lenses which are so suitable
for the purpose. The effect of the focal length of the lens
on the size of the disc is best expressed by saying that, with the
lantern and screen in any one position, the shorter the focus of
the objective the bigger the disc, and vice versa, the difference

in diameter being in exact proportion to their focus ; thus a

lens of 12-in, focus gives a disc just half the size of that
obtained with a lens of 6-in, focus at the same distance.
It follows, of course, from this that to obtain always the
same size of disc on the screen, the further the lantern is
from the screen the longer the focus of the lens necessary.
The 12-in, lens above mentioned would give, with a distance

of 24 feet between the lantern and screen, a disc the same
size as would be obtained with the 6-in, objective at 12 feet
distance.

To ascertain the focus of a lens in inches required to
get a given size of disc at a given distance off, the

distance in feet must be multiplied by three* and divided
by the diameter of the disc in feet. ThusWhat lens is

4
111111111-

required to give a 15-ft. disc at a distance of 40 feet ?
Multiplying 40 by 3 we get 120, which, divided by 15
gives us 8. The lens, required is therefore one of 8-in.
focus.

Fig.

A.

DIAGRAM TO ILLUSTRATE THE FUNCTION OF THE OBJECTIVE.

slide should be used of such a kind as to give a good idea
of the defining power of the lens or its capability of reproducing on the screen the details of the slide with sharpness. As good a test slide as any for the purpose is made
by enclosing a piece of open muslin or fine net between a
couple of glasses 31 by 31 and binding it up like an ordinary
lantern slide. Such a subject put in the carrier and
focussed as sharply as possible will give an excellent idea of
the powers of the objective.
Another matter of great importance is the focal length of
the objective, since upon this depends the position of the

This rule may be reversed to find out the size of disc which
would be obtainedthat is to say, by multiplying the distance
in feet by 3* and dividing by the focus of the lens in inches.
For example : we have a6-in. lens, how large will the disc be
at a distance of 50 feet Multiplying 50 by 3 we get 150,
and dividing by 6 the result tells us the disc will be 25 feet in
diameter.

In the same way, to discover the distance at which the
lantern must be placed to give a disc of a given size with a
given lens, the diameter of the disc in feet is multiplied by
the focus of the lens in inches and divided by three.* We
need hardly give another example.
"Three is taken as the effective diameter of the ordinary slide. If slides
are used of any other size the diameter of their opening in inches must be
substituted for " three "in the calculations.
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For those who do not care to calculate out for themselves,

the following table, abridged from Mr. Lewis Wright's
standard work on optical projection, is given.
calculated for slides of the usual size.
Diameter of disc
in feet.

9
12

15

Focus
4/ inches.

Focus
Focus
Focus
8 inches. 10 inches. 11 inches.

ft. in.

ft. in.

ft. in.

ft. in.

ft. in.

136
180
226

180
240
300

240
320
400

300
400
500

360
480
600

27 0
30 0

18

20

Focus
6 inches.

The table is

36 0
40 0

48 0
53 4

60 0
66 8

72 0
80 0

Before leaving the subject of the lenses, a word on their
proper preservation can hardly be out of place. They are
best kept out of the lantern itself except when required for
use. The condenser should immediately before use be
dusted with a clean, soft handkerchief, as also should the
objective.

In unscrewing the lenses of the latter, care

should be used to take only one out at a time, and to make
sure it is screwed into its proper place before removing the

other. In dusting them, they should be dusted, and not
breathed on, scrubbed, and polished as if they were the knob
of a door. It is a good plan, whenever possible, to get the

condensers warmed a little before putting them into the
lantern for use.

CHAPTER XI.

Cbe %men anb General Elrrangement6.
GIVEN a lantern of first-class power, good slides, and plenty

of gas, the brilliancy of the display can be made or marred
by the nature of the screen itself upon which the pictures
are thrown.
One arrangement of lantern screen and audience is that
shown in Fig. 54, the dots representing the audience. In
this case the screen should be as opaque as possible ; since
it is wanted to reflect as much as possible of the light falling
upon it ; in fact, the finest screen imaginable under these
circumstances consists of a smooth plaster wall well whitewashed. This is not often obtainable, and the Ianternist has
to put up with a substitute, in the form generally of some
kind of sheeting. When this is the case the stouter and
whiter the sheet the better, since it will reflect more light.
If it must have any seams in it they should run horizontally
rather than vertically, and will probably show their
presence, and, incidentally, the advantage of an opaque
screen, by appearing whiter and more brilliant than the rest.
The size of the screen and its position depend largely upon
circumstances. It should on no account be hung too high ;
nothing is more unpleasant than craning back the neck for
some time to gaze at a sheet right above one's head ; for this
reason it should be as far in front of the audience as possible.
Screens are also made of canvas faced with a glossy-white,
surfaced paper. These cannot be folded, and consequently

are not so portable in large sizes, and are more expensive.
E2
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They will roll up into a fairly small compass, however, and

A frame is the most generally useful means of stretching

moreover, they do not want stretching, but merely to be hung
from their roller with a weighted rod along the bottom. In
large sizes, such screens have a tendency to bend, the edges

above this size the frame, no matter how much it may take
to pieces for packing up and carrying, is a bulky affair, and it
is better to rely upon ropes. The method of stretching the
sheet with ropes is shown in Fig. 55, in which A is the sheet
suspended from its two top corners by the rope B B, which
passes over two pulleys in the ceiling (which must be further

give a better result than can be obtained with any sheet ;

a small sheet, say one not exceeding 8 feet square, but

apart than the width of the sheet itself), and thence is
fastened to the floor. Stout string is then tied to the top
corners and laced backwards and forwards through the holes

Fig. 55. METHOD OF LACING UP LANTERN SCREEN.

Fig. 54.

ARRANGEMENT OF LANTERN, AUDIENCE, AND OPAQUE SCREEN.

stretching more than the centre, which after a time may
render them almost useless.

In spite of its many drawbacks, therefore, the sheet remains the sheet anchor of the lanternist, possessing, as it
does, portability together with an excellent flat surface and
a fair amount of reflecting power. It should be provided
with rings or eyelets, which must be securely stitched to its
edges every foot apart, by which it is hung and stretched.

in the sheet and round the rope until the bottom corners are
reached, from whence the string must pass to the floor as
shown. While it is important to stretch the sheet sufficiently
to make its surface quite flat, more tension than is necessary
to effect this must not be employed, or, no matter how well

the eyelet holes are stitched to the sheet, they will soon

become loosened and tear off, bringing, it is most likely, some

of the sheet with them. The method of lacing described
may also be applied with advantage to the stretching of a
sheet on a frame, allowing, as it does, each side of the sheet
to be fastened with one piece of string and a single knot.
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The arrangement of lantern and screen just described is
most suitable for a large audience, where a disc of several
feet in diameter is desired ; to show slides to twenty or
thirty people, a far more convenient plan, and one which will
give in general more satisfaction, is that of Fig. 56. Here

the screen is between the audience and the lantern, and

should be on a much smaller
scale to give the best effect.
A

In many private houses are
to be found two rooms
separated by folding doors
(Fig. 56)

F F.
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The lantern, A, in this case is inside a
in Fig. 57.
room, the window of which, freed from sash frames and

bars, is occupied by a blind of tracing cloth, B, which can be
drawn down for the occasion, the fittings being those of the

ordinary roller blind, c c. The screen is protected by a
weather-board, D. The slides are alternately photographs
of stage and other beauties, and subjects more immediately

connected with the wares of the firm employing the lantern.
For such a purpose a blow-through or oxy-calcium jet gives
ample illumination ; in fact, excellent results can be got with

Such a place is

admirably suited for this
arrangement, the spectators
occupying one room, the lantern the other, and the screen

being placed in the opening
of the doors. A thin sheet,
especially if wetted, makes
a good screen for this pur-

pose, but one much better
in every way, if its size is
not considered a drawback,

can be made of tracing

paper or cloth.

This can be

obtained in 5-ft. widths,

possibly larger, and is easily
stretched and fastened over

a light wooden frame with
drawing pins. With an oil
lantern with a disc of about
4 ft. 6 in. in diameter on
Fig. 56.

ARRANGEMENT OF LANTERN,
AUDIENCE, AND TRANSLUCENT SCREEN.

such a screen a result of the

most brilliant nature is

obtained, and the slides are

seen to much greater advantage than they would be if
shown reflected on an ordinary sheet with twice that
amount of enlargement.

A method of displaying slides for advertising purposes

we have seen carried out with great success is shown

Fig. 57.

LANTERN USED FOR ADVERTISING,

the use of a good petroleum lamp. If the window looks out on
to a street brightly lit with the electric light, the direct light
from the lamp-posts must be cut off, or the light in the lantern
considerably increased, if brilliant results are wanted.

For teaching purposes, a large sheet of plain white card-

board, or a sheet of drawing paper stretched on a board
with drawing pins, makes a convenient screen for a small
class. The smaller the screen the brighter the light, and
in consequence, the less need there is to darken the classroom. For many purposes it will be found that all that is
necessary is to stand the screen where the direct light from

the window does not fall upon it, for the diagrams, etc.,
which would be the class of subject oftenest shown under
such conditions, to be easily visible in daylight.
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A detail which may be mentioned here is that of the
means of communication between the lanternist and lecturer
when separated in a large hall. Some people use an electric

bell, some a reading lamp with a little red glass window
which can be uncovered, others an ordinary bell, or they

give a slight tap to indicate when another slide is wanted. Any
of these methods can be employed, but it is advisable, when
possible, to use one which shall not attract the attention of
the audience ; for this reason an electric bell, without the
bell itself, giving, therefore, a slight buzzing sound instead
of a ring, will be found best.
Owing to a recent accident, the London County Council

have turned their attention to the use of the limelight in
places of public entertainment, and have laid down the
following regulation, which is usually insisted upon by them:

" That proper tanks be provided, placed in ventilated,

"brick-built chambers, fitted with iron doors and frames ;
"that the hydrogen and oxygen gases be placed in separate
" chambers ; that the screws to the holders of each gas be of
"different diameters ; that *stopcocks be fixed at the lenses
"and to the supply pipes on the platform level ; and that

CHAPTER XII.

he Manipulation of the lantern.
WHEN the screen and lantern have been erected in their
proper positions, the adjustment of the one to the other has
to be taken in hand.

The first point to receive attention should be that the
position of the screen is such that it is exactly at right

"flexible iron tubing with screw connections be used."
The regulations themselves, in the opinion of most experts,

are anything but satisfactory, that which insists upon the
use of flexible iron tubing in place of india-rubber being
positively dangerous if fully acted upon.
That clause
dealing with the screws of the gas holders is a wise precaution, and is now universally adopted ; and it is no doubt
an excellent thing to have the gas cylinders outside the
place of meeting. On the other hand, insistence upon the
storage of oxygen, even when in a pneumatic holder, in
"ventilated, brick-built," etc., is vexatious, when it is

remembered that the gas in such a form is perfectly
harmless. Still, those who use the limelight in public,
within the jurisdiction of the London County Council, have
got to submit to the regulations until they are amended, and
had better, therefore, know exactly what it is they require.
"Much amusement has been got out of the rule which commands stopcocks

to be fitted at the lenses, the Council probably mean at the jet, judging
the context.

A

B

Fig. 58. DIAGRAM SHOWING THE CORRECT POSITION OF THE SCREEN.

angles to the axis of the lantern. This is shown in Fig. 58, in
which A c is the axis of the lantern, that is, an imaginary line
drawn from the centre of the condenser, through the centre
of the objective, meeting the screen B B at the point c; the
angles B C A should all be right angles.

If they are notthat
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is, if the screen has the position indicated by one or other of

case, the light is centred, and must then be adjusted as
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condenser.

regards its distance from the condenser. This is done by
sliding tray and all in the grooves of the lantern until the
disc is evenly and brightly illuminated all over (F) ; the
correct position is easily found. The carrier should then be
adjusted so that its opening occupies the centre of this disc,
and if it can be clamped in that position when found, so
much the better. This being done, it is useful to put a slide
once more into the carrier, and with the rack and pinion
motion of the lens midway, i.e., neither fully in nor fully
out, to focus it with the sliding adjustment only. If this is

should be adjusted by the maker.) To do this, the jet having
been lit and the oxygen turned on, a slide must be put into
the lantern, and disregarding for the moment whether its
illumination is even or not, focussed upon the screen, after
which it can be taken out without disturbing the focussing.
The chances are that the circle of light upon the sheet will
now resemble either A, B, C, D, or E, Fig. 59, which indicate
respectively that the light is too high (A), too low (3), too
much to the right (c), or to the left (c). This must be corrected by slackening the screw which holds the jet in position
on the tray pin, and finally clamping it again when the disc
presents the appearance denoted by E. When this is the

each slide sharply with the rack and pinion because it is at
the end of its travel.
The slides demand the next attention. If practicable it
will be found an excellent plan to tie them up in a paper
parcel and put them in a warm oven for a little while. If
this cannot be done they may be warmed by being placed
in an open grooved box before the fire, or even allowed to
remain, separated, in a warm room for a little while. Unless
this is done, there will be a great likelihood in the intense
heat of the limelight or electric light of the deposition of
moisture on the cold slide when put into the lantern. The
slides when this is the case are said to "sweat," it is painfully obvious on the screen, and will spoil completely an
exhibition which is in all other respects first-class.
The slides must be arranged in the order in which they
are required. For this purpose they are often kept in
grooved boxes, but this way may lead to mistakes. The
most careful lanternist may have his attention distracted
for a moment, and in the obscurity may take a slide from
any part of the box instead of the next in order, and so get
them disarranged and make one of those slight but annoying
hitches which mar what should be the regularity which leads
to success. For this reason we prefer to have the slides
piled up in stacks of about thirty, only one of which shall be
within reach at a time, there is then no possibility that any
slide but the next in order can be picked up by accident.
Another important detail is the proper marking of the
slides. There has been for many years every possible

the dotted lines, the pictures thrown upon it will be dis-

torted. It will be seen from this that if the lantern is tipped
up or down the screen must not be vertical. The same remarks apply with equal force to the turning of the lantern
to one side or the other.
Having seen about this, the lantern can be lit up, when,
if limelight is to be used, the light will have to be centred,

that is, adjusted until the brightest part of the lime is in

the axis of the lantern, and is also at the focus of the

(Oil lamps are not provided with a means of
centering the light, as its position is invariable, and is or

Fig. 59. PHOTOGRAPHS OF THE SCREEN WITH
THE JET IN AND OUT OF POSITION.

not done, it may be found that it is impossible to focus
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diversity in this respect, but it is now getting customary for

insufficiently provided with supporting joists, in consequence

slides to be marked on the lines laid down by the Photographic
Club a few years ago, this should always be done. The

marking consists in indicating the two top corners of the
slide by two spots, which are best white on a black background, or black on a white one, as shown in Fig. 43. Not
only must they indicate the top of the slide, but they must
act as a guide to the face of the slide, which has to go next
the condenser. To ascertain this, the slide should be held
up in front of a piece of white paper in the position in which
it is intended to be seen upon the screen, that is to say, with
any inscription it may contain reading the right way round
and not backwards. The two spots, which may conveniently
be cut out of stamp-paper with a punch or pair of scissors,
should then be stuck on the two top corners of that side of
the slide facing the observer. In putting slides into the
carrier, they must be put in upside down for reasons pointed
out before (chapter X.), and when to be seen by reflection on
an opaque screen of any kind (Fig. 54) the spotted side must
go next the condenser ; when shown on a translucent screen
(Fig. 56) the spotted side of the slide must be turned away
from the condenser. If this is not attended to, the picture
as seen will be reversed from left to right, and any lettering,
names over shop doors, and the like, will read backwards.
The slides should always be rubbed over with a clean
duster before being shown, any dust or finger marks upon
them will be enormously magnified on the screen. For this
reason they should be held by one corner on putting them
into the carrier and not fingered all over.
During an exhibition of slides the room should be kept as
dark as possible. This seems so obvious as not to require

mention, but the writer has often seen the brilliancy and
beauty of a display spoilt by the amount of stray light about
the room, proceeding both from the ordinary lights which

were only turned down and neither quite nor almost extinguished, as they should have been, and from the back of
the lantern itself. Another cause of failure is to be found in
a rickety lantern-stand. We have a lively recollection of an
exhibition of slides in which the lantern-stand, though firm
enough in itself, was mounted on a platform of floor boards

the exertions of the lanternist in putting a fresh slide into
the carrier were sufficient to make the picture on the screen
wobble up and down quite a foot. Minor matters are the

following :

Do not omit to turn the lime, from time to time.
Keep the audience away from the immediate neighbourhood of the screen ; they will see better and like

it better, although as a rule they will not do it of
their own accord.
Make sure there is ample gas for the display, even if
accidentally prolonged a little.

Never allow the audience to see the bare screen

illuminated with the full light of the lantern, all slides
will look dull and heavy after so doing.
The gas, if in bags, should be kept where it cannot
be meddled with; if in cylinders, where they cannot
roll or fall.

Be particularly careful never to put a slide in

upside down or wrong way round, unless they are
those of a friend who is present and who neglects to
spot them.
Never leave a lime in the lantern after use.

If done

with throw it away, do not let it fall to pieces and
fill the lantern with dust.

MOVING SLIDES AND EFFECTS.
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The panoramic slide, as its name implies, is one which
depicts a wide expanse of scenery, the shape of the picture

being long and narrow ; the slide is gradually pushed
through the lantern, only a portion of it being seen at any
one time. A modification has been suggested, to get over

CHAPTER XIII.

ilboving %libes anb Effect.
UNDER this title fall a large number of more or less
elaborate devices intended to enhance the beauty or realism,
or both, of projected pictures. Almost all effects require at
the least two lanterns, some needing three and even more.
There are a few, however, which can be exhibited by means
of a single lantern, and these will be considered first.

It is difficult to assign a reason for the decadence of

lantern exhibitions which has undoubtedly taken place in
the last few years. Signs of it are seen even in displays
confined to plain photographic slides, the average of which
is in quality markedly inferior to what it was ten, or even

five years since. But in " effects,"- the falling-off has been
very much more marked, and of displays such as used to be
given at the Polytechnic and elsewhere, there are now none.

It is to this change of fashion, or whatever else it may be
called, that we must look for the origin of a certain amount

of contempt felt by many lanternists for "effects," due
doubtless to the substitution for the old displays, of inferior
slides with bungling and incompetent exhibitors. The
popularity of the photographic slide, which does not lend
itself, or rather which has not been adapted to "effects " as
much as is possible, has something to do with the matter.
Still, as many of these illusions are among the finest things

that can be shown with the lantern, are marvels of
ingenuity and skill, and are still popular with some
audiences, they cannot be altogether ignored.

the liability to breakage inherent in such lengthy slides, in
the shape of a roll of transparent film, bearing the picture,
which is gradually wound off one roller on to another, as in
the photographic roll-holder.
Lever slides are constructed of two separate glasses, one
fixed in the frame, the other capable of being partially

revolved while in the lantern by means of a lever.

A

favourite subject for these is a cow standing in a pool, the
cow, minus its head, and the pool being painted on the fixed
glass. The cow's head being on the movable glass, on
shifting the lever, the cow appears to lower her head to
drink. Other subjects for this class of slide, which is best
adapted for juvenile audiences, are children see-sawing,
cobblers nailing, drummers, etc. In lever slides, as indeed
in all slides where more than one glass is employed, the
picture must be on the two inner surfaces, which are as close
together as practicable, without touching, otherwise it will
not be possible to get the two into focus at the same time.
Slipping slides, which also are more suitable for children's
entertainments, are likewise constructed of more than one
glass. In these, however, one of the glasses slides along in
front of the other, and either covers and uncovers some part
of the scene in so doing, or removes some portion and
substitutes something else.

Tinters consist of coloured glasses which can be slipped over
in front of the objective, so as to give any particular slide a
effective with slides of
general colour. They are most
statuary and similar subjects blocked out so as to stand out
against a black background, and in using them care should
be taken that the tint is not too deep, a frequent error.
Of all types of mechanical slide, however, the chromatrope,
as it is called, is the highest. In this, two circular glasses
bearing geometrical designs are rotated in opposite directions while in the lantern. One design crossing another in
this way can be made most effective, and it will be found
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difficult to realise what the combined result of any two

81

In both these cases the effect is
improved if the slide is not inserted in the lantern in a

geometrical designs so revolving will be.

Very fine patterns
resembling " watered " silk can be got by mounting fabrics
such as netting, muslin, etc., with a clear and well-defined

mr,rked with fine lines.

thread, in such a revolving arrangement, taking care, to
secure the best result, that the two fabrics shown together
are similar.
Revolving slides, on the principle of the chromatrope, are
made having such things as windmills with revolving sails,

perfectly horizontal manner, but is slightly inclined, so as to
give the idea of a little wind. It is important, moreover, if
the illusion is to be of the best, that the light in the lantern
showing the rain or snow slide shall not be too powerful ;

especially is this the case with the rain.

acrobats spinning round on a trapeze, fish swimming in a
globe, bees round a hive, etc., for their subjects ; and can be
obtained from most dealers.
The various slides alluded to above can all be shown by

means of a single lantern, but those now to be mentioned
require at least a biunial for their exhibition. With such
an instrument the number of combinations, effects, etc., that
can be obtained is almost unlimited. The simplest of these
is the curtain slide, in which the picture on the screen is
shown with a curtain round it, as if it were on the stage of
a theatre. A balcony or verandah slide is sometimes used
in place of the curtain ; the scene then appears to be viewed
from the interior of a room, looking out over the balcony.
In these and similar effects, the curtain or balcony, as the
case may be, is projected by means of one of the lanterns,
the cther being used to throw the usual slides in the blank

space left for that purpcse in the " curtain " slide.

It

should be borne in mind that this entails the use of a great
deal of gas, as both lanterns have to be kept going all the
time.

A carrier has just been introduced by Mr. G. Davenport
in which the screen is darkened during the change of slide
by art opaque curtain, which appears to come down and
mask one picture, rising afterwards and revealing the fresh
slide. Such a carrier, with a curtain or border slide of any
kind in the other lantern, would no doubt give a pleasing
effect.

Akin to these are snow and rain effects. These are
obtained by means of a slide in which a roll of opaque
material is gradually unwound through the lantern. For
snow, the fabric is pierced with little holes, for rain it is

The writer
remembers seeing a lantern display in which a poor waif,
seated on a doorstep, was exposed to what was intended to
be a shower of rain. Owing to the operator having, if anything, a brighter light in the "rain "lantern than the other,
the shower suggested nothing so much as one of white hot
knitting-needles, and the effect on the audience was anything but what was intended.
Moonlight effects are obtained by means of a biunial

lantern and two slides, the subjects upon each being

absolutely identical as regards outline, but one can be very
much more vigorous than the other. With photographic
slides, which are much the best for the purpose, this
difference can easily be obtained. The first slide, intended
to depict the daylight view, can be made in the usual way,
with the usual amount of density and contrast. The second

slide, however, should be exposed for a little under the
suitable time, and should be developed with a view to

getting plenty of contrast, rather than what a photographer
would describe as a soft result. This second slide must
then be treated with a bath of a deep blue aniline dye, so
as to give it that blue tint usually associated with moonlight
views. Any lights which it is intended shall appear in it,

such as gas-lamps, illumined windows, stars, the moon
itself or its reflection on the water, must then be carefully
picked out so as to leave the slide bare where it is intended
these shall be. The two slides being then most carefully
registered, the daylight picture is first shown, and gradually
dissolved into the moonlight one.
Such effects can be multiplied almost without limit, by
having accurately registered slides and plenty of assistance.
The number of lanterns required rarely exceeds three in the
most elaborate displays, since in nearly every case the effect
at any one time is obtained by the two lanterns, leaving the
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third free for the introduction of a fresh change or addition
to what is already on the screen. Space will not admit of
our going more at length into the matter of these effects,
which, at one time the only use to which the lantern was
put, have now been to no small extent superseded by what
some people would regard as less frivolous displays.

CHAPTER XIV.

Lantern ENperinients.
THE form of lantern described in the foregoing pages
is in itself suitable for many experiments, but, with cer-

111110111igggi',

Fig. 60.

LANTERN FOR EXPERIMENTAL PURPOSES.

tam n modifications, can be employed to render visible to a
large audience a far greater number. The chief alteration

F2
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required is the removal of the tubes carrying the objective,
so that objects much thicker than the usual slides can be
inserted, and the provision in consequence of some other
kind of support for the front lens. A method of effecting
this is shown in Fig. 60.

Such a lantern will admit of the insertion of cells of
liquid, test tubes, galvanometers, and many other pieces of
apparatus. The number of scientific experiments which can
be shown in a lantern of this class is legion, but we can only
give as examples one or two that can be performed.
The development and fixation of a photographic plate can
be shown by the use of a tank, as shown in Fig. 61. A
chloride or lantern plate should be employed, both on account
of its superior transparency and of its lower sensitiveness

to light, the developer
being ferrous ox alate.

The plate is exposed un-

plate.
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When development is complete, the ruby glass

should be again inserted, the tank withdrawn and emptied,
the plate rinsed in slightly acidulated water, then in plain
water, and restored to the empty tank replaced in the
lantern. This is now filled with fixing solution, which will
be seen to dissolve gradually the unaltered silver salts in
the film, leaving the finished transparency, if all has gone
well, in full brilliancy on the screen, when the ruby glass
can be finally withdrawn. This experiment is a very
striking one, and is not difficult to perform, but it should be
rehearsed once or twice before being attempted In public, a
remark which applies to all demonstrations of a like nature.
It is often convenient to be able to show upon the screen
the presence of currents of electricity set up by one means
or another ; this is easily done. At any of the shops which
supply working jewellers, such as are to be found in the
neighbourhood of Clerkenwell, little compasses with glass

der a negative in the
ordinary way, and is
then placed in the tank,
care being taken that the
image on the plate is upside down. The plate
should be protected from
actinic light by the inser-

tion of a piece of ruby

glass between the condenser and the tank before the experiment commences. When the plate is in position it can be
focussed, a strip of wood being inserted so as to hold the
back of the plate in contact with that glass of the cell which
is furthest from the lantern. Unless the wood is weighted
it will probably float up when the developer is poured in,
and the success of the experiment will be marred. When
the plate is thus held in position and focussed, the developer
must be carefully poured in with the help of a funnel, no
splashing being allowed to take place. When all the plate

is protected by the developer the ruby glass may be re-

moved, the deep orange tint of the solution being a sufficient

protection with a slow plate. The image will be seen
gradually to grow up on the originally plain opalescent

Fig. 62. LANTERN GALVANOMETER.

sides, which when mounted are often worn on watch
chains, etc., can be purchased for a, few pence. One of
these can be easily made into a fairly sensitive galvanometer by mounting it in a wooden block, as shown in
Fig. 62. Round the block should be wound some turns of
silk-covered copper wire, B B,

Fig. 62; twenty or thirty

turns of No. 30 B W G wire will answer most requirements, though more can be used if necessary, the two
ends of the wire being brought out to two terminals, D D,
on the end of the block. A little bar magnet, c, which can
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be made by magnetising a piece of knitting-needle, should
be arranged on the top of the block, so that the needle of
the compas3 is just held horizontal when no current is
passing through the wire. The magnet should not be too
near or too strong, or the sensitiveness of the galvanometer
will be impaired. The block being inserted in the lantern,

Zentmayer's. The principle is the same as in the other, which

the binding screws connected with the source of the current
by wires, and the compass focussed sharply on the screen,
when a current passes the needle will be deflected ; owing
to the degree of magnification of the image on the screen,

such a galvanometer possesses a considerable degree of
sensitiveness.

With the help of the tank shown in Fig. 61, such

experiments as precipitation, reactions resulting in change of

is the more usual pattern, the modification in shape being
made with the idea of using the whole of the prism right up
to the apex, which
cannot be done when

the angle at A is a
right angle. Some

lecturers prefer the
Z entmayer pattern,
Fig. 64. ZENTMAYER ERECTING PRISM.

but Mr. Lewis

Wright, an authority
to whom we have already referred, recommends the use
of a prism midway between the two forms depicted.
In Fig. 65 is shown diagrammatically the arrangement of the lantern and objective for throwing upon the

1/Ii I I
Fig. 63. DIAGRAM SHOWING THE USE OF AN ERECTING PRISM.

colour or appearance in solutions, as well as demonstrations

of capillary attraction, pressures of liquids, etc., can be
exhibited.

In some of these experiments it is highly desir-

able that the image upon the screen shall be the right
way up, while at the same time it is impossible to invert the
objects themselves in the lantern. When this is the case
an erecting prism has to be employed. This is shown at A,
in Fig. 63. They are very convenient in some cases, but
always entail a considerable loss of light.
The erecting prism consists of a block of glass, having its
sides cut to a suitable angle to one another. It is fitted on
close in front of the objective, the course of the rays being
then as represented diagrammatically in the figure. One
form of erecting prism is shown in Fig. 64; this is known as

Fig. 65.

ARRANGEMENT OF THE LANTERN FOR SHOWING OPAQUE OBJECTS.

screen images of opaque objects.

Lanterns constructed for

this purpose, with the tendency to describe everything
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appertaining to a lantern by some long Greek name, are often
called Aphengescopes. It is a useful device occasionally for

reflector, G, which once more directs the beam in a horizontal direction to the screen. For most purposes such
an arrangement can be fixed up at very little expense to
answer all requirements except where great brilliancy and

demonstration purposes, but owing to the very great loss
of light, can only be employed with limelight or with the
electric arc, and then is never very satisfactory. In Fig. 65
the source of light is shown at B, and the condensers at
c c, the object, which is placed at n, having its imago
focussed upon the screen by means of the objective, E.
There is no need to get a special lantern for the purpose,
as a box is easily arranged to carry the objective at one end
and to receive the nozzle of the lantern in the direction
shown. Such a box should have its interior lined with black
paper, or better, with black velvet. The back can be arranged to carry the objects it is desired to exhibit, access

crispness of definition is desired. The bottom mirror can be
a piece of the usual silvered plate glass, the top one is best

of the thinnest silvered glass procurable, as if not, the

being obtained by the side A, which is closed with a curtain.
When the Aphengescope is being used, and, indeed, in a

large number of other cases, it will be found that, unless

steps are taken to prevent it, harm will very frequently occur
from delicate instruments or inflammable substances being
exposed to the intense heat concentrated upon them by the
condenser. To obviate this, what is known as an alum cell
is employed. This is an arrangement similar to that shown

in Fig. 61; in fact, the same cell can be employed for

either purpose, as required. It is filled with a cold saturated
solution of alum, which must have been carefully filtered so
as to be quite free from dust or other floating particles. The
solution will in course of time get fairly hot, but while allowing nearly all the light to pass, it will absorb the heat, which
would otherwise be doing harm. In the absence of the alum
solution, plain water can be employed. It is not quite so
efficient, but is satisfactory enough for most purposes.

Another arrangement of the lantern for demonstration

purposes is that shown in Fig. 66, which shows the method

of making vertical projections, as they are called. The
beam of light from A, as it leaves the condenser, B, falls
upon a mirror, F F, placed at an angle of 45 degrees
with the horizontal, from which it is reflected vertically
upwards. The table, n D, upon which the object to be
projected is placed, is immediately over the mirror, while
above it is placed the objective, E, bearing above it again a

Fig. 66. ARRANGEMENT OF LANTERN FOR VERTICAL PROTECTIONS.

secondary reflection, that from the surface of the glass itself, may become troublesome. It will be seen that the two
component lenses of the condenser have to be separated, one
remaining in the usual position in front of the illuminant,
and the other immediately beneath the table carrying the object to be projected. With this arrangement of the apparatus
many experiments, such as those showing crystallisation,
etc., can be performed. For this purpose a glass dish with
an even flat bottom is required. This is placed upon the
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table, D, of the apparatus, and contains the solution to be
used. One of the best of these is sodium sulphate, a saturated solution of which should be placed in the tray, and a
crystal of the salt added, crystallisation at once taking place.
The decomposition which takes place when an electric
current passes through certain liquids can also be shown
upon the screen without much difficulty. For this purpose
an incandescent lamp, the filament of which has broken, and
which is therefore of no further use for lighting purposes,
makes a very good decomposing cell, a suggestion due to
Mr. T. Bolas, to whom I am also indebted for the design of
the simple galvanometer just described. The point at which

it was sealed off should be carefully

scratched with a file and broken off so
that air is admitted, or better still, the
point of a blowpipe flame should be di-

CHAPTER XV.

Cbe 1LanternZpectroscope, Volariscope,
ant) Microscope.

poseon a slab of wood with
terminals for convenience in
connecting up. If a little

ALL of the experiments hitherto mentioned have been concerned only with the projection of apparatus, pictures, etc.,
in the light of the lantern, without any of the beauty derivable
from brilliant colouring. With the lantern polariscope and
with the spectroscope, the projected images possess a fresh
charm by reason of the beautiful colours they assume, in
which colours lie, in fact, their chief interest.
Any detail as to the principles upon which the spectroscope
is based would be out of place here, and we must refer the
reader in search of information on that head to one of the
many books on. the subject ; merely mentioning that the
object of the instrument is to split up and render separately

current from three or four Bunsen batteries passed through
it, bubbles of gas will be seen given off from each of the
electrodes. The reversing prism should be employed to show
this, as otherwise the bubbles will appear to descend on
the screen instead of ascending.
Space precludes the mention of a number of other

and T15 of an inch wide, together with a prism. This arrangement is illustrated diagrammatically in Fig. 68. A glass

rected against a spot close to the sealing,
until the glass has softened and admitted
air. The lamp can then be cut off as shown
in Fig. 67, the filament removed, and the

two platinum wires left to act as the
electrodes. Any of the ordinary forms of

lamp holder will answer to
mount the cell thus constructed, being fitted for that purFig. 67.
DECOMPOSING CELL CONSTRUCTED
OF AN INCANDESCENT LAMP.

water slightly acidulated
with sulphuric acid be poured into such a cell, and the

experiments which are better shown by means of the
magic lantern than in any other way, but many of these
will occur to the reader as he gradually learns the power
and adaptability of the instrument.

visible the light of various colours which, when blended
together, would without its aid be regarded as a singlecoloured light, and not as a mixture of many tints. The
simplest form of apparatus for projecting the spectrum
consists of a slit, which may be a slide made of blackened
card, having in its centre a vertical opening 1 inch high
prism will do, and is, indeed, for ordinary purposes, best,
but for certain reasons many prefer a prism-shaped bottle
containing carbon bisulphide. In Fig. 68, A is the source
of light, B the condenser, c c are lenses used to concentrate
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and render parallel the rays of light, D is the cardboard
with the slit, E the objective, and F the prism, the screen
being beyond the latter in the direction indicated by the

absorption of such media can roughly be shown. Solutions
of various substances can also be employed, using for the
purpose a cell similar to that shown in Fig. 61. Solutions
of
of potassium permanganate, of potassium bichromate,
when
many of the aniline dyes, etc., give interesting results the
shown in this manner. With glass or stained films
absorption is better shown if the coloured material is in
contact with the slit itself, covering, say, the lower half of
will then be seen to
it. A sharp line upon the screen
distinct
parts, the upper one
divide the spectrum into two
being the spectrum of the light employed after it has passed
through the coloured film, the lower one simply the spectrum of the light itself.
An interesting experiment consists in saturating a sheet
of white paper with a solution of quinine sulphate in water
rendered slightly acid with sulphuric acid. The paper
should be allowed to dry, and then be mounted on a sheet
of card side by side with a similar piece of paper which has
a way
not undergone the treatment with quinine, in suchrunning
that the two papers are separated by a straight line
be
right across the card. If now a very bright spectrum
band
that
the
upper
half
of
the
thrown upon such a card, so
of colours falls on the plain paper, and the other on that
treated with quinine, it will be seen that a greater length of
spectrum at the violet end is visible on the latter than on the
in order to show
former. It will most likely be necessary,
this distinctly, to cover up all the spectrum between the
blue and the red, as otherwise the brilliancy of that portion
will drown the darker violet, and the experiment be less
the electric arc than
striking. This is shown better with
plainly
with limelight, although with care it can be very
demonstrated even with the latter.
The experiment can be elaborated by interposing, in the
path of the beam of light, a glass cell containing the solution
the appearance of the
of quinine. This will at once alter longer
on the one paper
spectrum, which will then appear no
itself
than on the other, but on the other hand the solution
Various

lines of light. The slit being placed in position, it must be

focussed upon the screen in the usual way ; too great a
degree of enlargement should not be attempted, or the
illumination will be feeble. When focussed, the lantern
must be turned round bodily until its position with reference to the screen is as it would be if the latter were placed

across the right-hand bottom corner in Fig. 68, and the
prism placed in front of the objective as shown. A little

Fig. 68. ARRANGEMENT OF APPARATUS FOR PROJECTING
THE SPECTRUM.

adjustment will be necessary to get the best result ; for
this reason the arrangements should all be made, and the
prism put into its place before the audience are
The best position for the prism to occupy is that inpresent.
which
it bends aside the beam of light the least, and this should
be fo and as nearly as possible by experiment. If all has
been properly arranged, the beam of light from the lantern

will be found to be split up in its passage through the
prism, and to be widened out into a band of coloured
light, one end of which is red, and the other violet, with
the other colours in between these two extremes. This
band is the spectrum.
By inserting in the path of the beam' as it emerges from
the objective, coloured glasses or stained gelatine fili5as, the

will exhibit a very beautiful blue fluorescence.
other substances can be used in place of the quinine with
varying results.
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A more expensive
for the projection of
spectra, but one whicharrangement
possesses
the
the whole of the apparatus is in one great advantage that
screen, consists of the employment of a straight line with the
group of prisms, as in
a direct vision spectroscope.
Such a series of prisms, when
interposed in the path of a beam of light,
disperse the rays
passing through them, without refracting them.
The whole

colours brightly shown ; but as soon as it is rapidly rotated
the colours blend, with the result, if the disc be a good one,
that the image on the screen is a simple white circular patch
of light. By covering over some one or more of the colours
on the disc with black paper, and then rotating it, it can be

shown that the absence of any of the colours gives the
blended images a colour, the white image only resulting
when all the tints are mingled.
The lantern polariscope is, as its name implies, an instru-

ment designed to exhibit objects on the screen by means
of polarised light. To do this the beam of light, before it
falls upon the screen, has to pass through two pieces of
Fig. 69.

LENS AND PRISMS FORMING

A DIRECT VISION SPECTROSCOPE.

apparatus then takes, in plan, the form shown
in Fig. 68,
but with the lens and prisms E and F, Fig.

69, taking the
place of E and F in Fig. 68.
While on the subject of the spectrum,
we might mention
a form of Newton's disc for use in the lantern,
which shows
in a very distinct manner how, by the admixture
of light of
the various colours of the spectrum,
we once more get white
light. It consists of
a circular disc of glass
1,1111111111 linw 111111111

1/11

11111111,

hg. 70.

NEWTON'S DISC FOR LANTERN USE.

painted as
brilliantly as possible with
colours resembling those of
the spectrum, the different
tints being laid on in ra
diating wedge-shaped sectors; the disc is provided
with a pulley and band by

which it can be rapidly

(Fig. 70). To exhibit it effectively, the disc mustrotated
be inserted as a slide in
the ordinary lantern, and its image
and focussed. The room should be projected on the screen
perfectly dark, and the
illumination of the disc the brightest
possible. While
stationary the image of the disc on the
screen
course, a magnified image of the original disc presents, of
with all its

Fig. 71. POLARISCOPE ATTACHMENT (ELBOW Fowl).

apparatus known respectively as an analyser and a polariser,

Fig. 71. These may be similar in consl ru3tion, since they
could be used the one for the other indiscriminately were it
not that, for mechanical reasons, the polariser is generally
larger than the analyser ; but, as a general rule, in the more
expensive instruments the polariser is constructed of glass,

and the analyser of Iceland spar, in the form known as a
nicol prism. With the aid of this apparatus many experiments can be performed, one or two of which we mention.

Slides made of selenite and other suitable substances,
frequently quite colourless in themselves, yield magnificently
coloured images when projected by means of the polariscope.
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Geometrical designs, butterflies, etc., are built up of pieces

of the substance in question, mounted up as slides, and
are obtainable through the dealers. A more satisfactory
method with many people will be to make them themselves, the operation not being a very difficult one,
consisting, as it does, in a building up of the design on
a glass slide with pieces of mica cemented together with
Canada balsam.

Crystallised benzoic acid, salicine, etc.,
also give very beautiful projected images with polari3ed
light.
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one lantern, and from the other eye that from the other ; the
brain combining the two pictures so as to give the impression of the objects standing out in relief, as in nature.
All optical lanterns are virtually lantern microscopes, as a
moment's consideration will make clear. The slide, whatever

it may be, is the object, an enlarged image of which is
projected upon the screen. Hence there are many things
which, needing only a small degree of magnification to
render their details plain, can be exhibited without the aid
of any further apparatus whatever. The writer had an

Slabs of glass held in a clamp in such a way that, while
the image of the glass is on the screen, stress can be set up
with the glass by means of a screw, exhibit in a very clear
manner the changes set up by the stress which the polari-

scope revealschanges which in no other way can be
rendered visible.

Anderton's stereoscopic lantern, introduced about two
years ago, is an example of an ingenious application of
polarised light, with a view to enabling an audience to see
the image on the screen stereoscopically or in relief. In
order to effect this it is essential that two distinct images
shall be seen by the two eyes, the two slides for the purpose
being made from two negatives taken from different standpoints, side by side, so that one differs from the other by
seeing a little more round one side or the other of the object.
The two slides, which in all other respects are identical, are
shown simultaneously upon a screen, the surface of which
is composed of metallic foil, by means of a biunial lantern.
After leaving the objective, the light from each of these
lanterns passes through a polariser, these polarisers in the
two lanterns being so arranged that the planes of polarisation are at right angles to one another. Each observer is
provided with a little pair of analysers mounted like operaglasses, but in each of which the analysers are arranged

with reference to each other as are the polarisers in the

lanterns, the effect of which is that only one of the blended
pictures on the screen is seen with one eye, and the other
picture with the other eye. The result, on viewing the two

images on the screen through such an apparatus, is to
eliminate from the field of view of one eye the picture from

opportunity a little time since
of looking over a large number
of what appeared at first sight
to be very carefully drawn and

beautifully coloured lantern
slides of sections of various
animal tissues, healthy and

diseased, interesting more es-

Eg.

MICROSCOPE FOR TABLE AND
LANTERN USE.

pecially to veterinary surgeons.
These turned out, on more careful examination, to be the actual

preparations themselves, the
vessels of which had been injected with various colouring
matters, the whole tissues stained to show as far as possible
their structure, and then mounted up as slides ; and very

beautiful they were, while their value for educational purposes
was almost immeasurable. Such slides in the lantern were
magnified thirty or forty diameters without difficulty.

This is the simplest form of lantern microscope, but it is
of course limited in its powers, and for greater magnifical
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tions it can be replaced by a slightly modified form of
compound microscope, which is attached in front of the

condenser of the usual lantern. In Fig. 72 a simple form
of compound microscope is shown, which can in a few
moments be removed from the stand on which it has served
as a table microscope and placed on the lantern nozzle,
as shown in the top right-hand figure. The objectives of
various powers can be slipped into the racked mount, those
most commonly supplied being 1- and 2-inch powers. An
additional lens as a supplementary condenser is sometimes fitted between the chief condensers and the object,
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jet to be at different distances to yield the brightest images.
Great care must also be exercised to keep the centres of the
whole of the apparatus, jet, condensers, and objective in a
When these various points have
perfectly straight line.
received attention it will be found that a large number of
objects, parts of insects, sections of wood of different kinds,
vegetable and animal tissues, etc., can be easily shown

on such a scale as to be seen well by a large roomful of
people.
A more elaborate form of lantern microscope is that
shown in Fig. 73. With this instrument far more can be

and when properly adjusted this much improves the
illumination.

The real difficulty in lantern projection has always been
the proper illumination of the object. Lantern microscopes
cannot be expected to yield as bright images on the screen as
ordinary lanterns showing slides with but a fraction of the
magnification. In consequence, the operator's attention should
be given to the proper adjustment of the light and condensers.
The light concentrated on the small surface of the slide will
soon make it very hot unless prevented by means of an alum
trough (see p. 84) ; this in micro-projection should never be
omitted, or it will lead to the ruin of the slides.
The slides in the simpler forms of lantern microscope are

fitted in wooden frames like ordinary lantern slides, only
these frames are smaller. Frames can be obtained one end
of which takes out to receive the usual size of microscope
slide, for use in the lantern. These are a convenience, but
it is decidedly preferable to have a microscope attachment
with the usual form of plain sliding stage, so that the slides
can be used direct without any further mounting. This is
the case with the instruments shown in Figs. 72 and 73.
Too great a degree of magnification should not be attempted

until the management of the lantern with low powers has
been thoroughly mastered. A 1-inch objective will be
found the most powerful which can be used in the ordinary
way with satisfactory results, both as regards illumination
and other qualities. On changing the objective the position
of the jet should be altered until the best lighting is secured,
as it will be found that lenses of different powers require the

Fig. 73. DIE LANTERN MICROSCOPE.

done than that to which we have alluded, but for details
as to its manipulation larger works must be consulted.
Tiler° will always remain, however, many objects which,
from the great amount of magnification they require, or

from other causes, cannot be satisfactorily displayed in the
lantern microscope. With such subjects the only way is to
make photo-micrographs and slides from them, showing the
latter by means of the ordinary lantern. Particulars as to
G2
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the method of accomplishing this must be sought in books
devoted to photography or to photo-micrography, the subject
being one upon which much could be written, and which is
out of place in a manual on the lantern only.
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seldom Equalled and never Surpassed.
THOSE WISHING THE FINEST SLIDES AND COLOURING, EITHER FOR PURCHASE OR
HIEN, SHOULD CONSULT

H. LUSCOMBE TOMS,

Optical Lantern and

Specialist,
LONDON,
E.C.
78, QUEEN VICTORIA
STREET,
(Opposite Mansion Howie Staiion.)
Slide

ESTABLISHED 1870.
WorksDALSTON.
LIST GRATIS AND POST FREE ON APPLICATION.

Catalogue of Practical Handbooks
Published by L. Ujhcott Gill, 170,
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A Comprehensive
Treatise on Angling in both Fresh and Salt Water. In Four Divisions,
With over 220 Engravings
as named below. By JOHN BICKERDYKE.
In cloth, price 58. 6d., by post 6s. (A few copies of a LARGE PAPER

ANGLER, BOOK OF THE ALL-ROUND.
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Angling for Coarse Fish. Bottom Fishing, according to the
Methods in use on the Thames, Trent, Norfolk Broads, and elsewhere.
Illustrated. In paper, price is., by post is. 2d.
Angling for Pike. The most Approved Methods of Fishing
for Pike or Jack. Profusely Illustrated. In paper, price is., by post
is. 2d. ; cloth, 2s. (uncut), by post 2s. 3d.
of Fishing for
Angling for Game Fish. The Various Methods
Trout ; Grayling and
Salmon ; Moorland, Chalk-stream, and Thames
In paper, price is. 6d., by post is. 9d.
Char. Well Illustrated.
and Line, from
Angling in Salt Water. Sea Fishing with; Rod
together with Some
the Shore, Piers, Jetties, Rocks, and from Boats In
paper, price is., by
Over 50 Engravings.
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Account of Hand-Lining.
post is. 2d.; cloth, 2s. (uncut), by post 2s. 3d.
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A Practical Guide to the Construction,
Arrangement, and Management of Fresh-water and Marine Aquaria ;
Weeds, Fish, Molluscs,
containing Full Information as Obtain
to the Plants,
Them, and How to Keep Them
Insects, &c., How and Where to
C. BATEMAN, A.K.C., and
in Health. Illustrated. By REV. GREGORY
cloth gilt, price 5s. 6d., by post 5s. 10d.

AQUARIA, BOOK OF.

REGINALD A. R. BENNETT, B.A. In

Their Construction, Arrangement,
AQUARIA, FRESHWATER
Fully Illustrated. By REV. G. C. BATE-

Stocking, and Management.
post 3s. 10d.
MAN, A.K.C. In cloth gilt, price 3s. 6d., by
Construction,
Arrangement, and ManageAQUARIA, MARINE: Their
In cloth gilt,
ment. Fully Illustrated. By R. A. R. BENNETT, B.A.
price 2s. 6d., by post 2s. 9d.
TRY? A Guide to the Australian

AUSTRALIA, SHALL I

Man. With two
Colonies for the Emigrant Settler and Business
cloth gilt, price 3s. 6d.,
Illustrations. By GEORGE LACON JAMES. In
by post 3s. 10d.

Practical Manual for Amateurs
AUTOGRAPH COLLECTING: Aample
information on the Selecand Historical Students, containing
of Forged
tion and Arrangement of Autographs, the Detection
for

Specimens, &c., &c., to which are added numerous FacsimilesAutoof
Study and Reference, and an extensive Valuation Table
L.R.C.P., &c.
graphs worth Collecting. By HENRY T. SCOTT, M.D.,
In leatherette gilt, price 7s. 6d., by post 7s. 10d.
Organization and ManageBAZAARS AND FANCY FAIRS: Their
By JOHN MUIR. In paper,
ment. A Secretary's Vade Mecum.
price is., by post 18. 2d.
175 C 8/96
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Published by L. TJPCOTT GILL,

170, Strand, London, W.C.

BEES AND BEE-KEEPING : Scientific and Practical. By F. R.
CHESHIRE, F.L.S.,F.R.M.S., Lecturer on Apiculture at South Kensington.
In two vols., cloth gilt, price 16s., by post 16s. 8d.

Vol. I., Scientific.

A complete Treatise on the Anatomy and

Physiology of the Hive Bee. In cloth gilt, price 7s. 6d., by post 7s. 10d.
Vol. II., Practical Management of Bees. An Exhaustive

Treatise on Advanced Bee Culture.
post 9s.

BEE-KEEPING, BOOK OF.

In cloth gilt, price 8s. 6d., by

A very practical and Complete Manual

on the Proper Management of Bees, especially written for Beginners
and Amateurs who have but a few Hives. Fully Illustrated. By
W. B. WEBSTER, First-class Expert, B.B.K.A. In paper, price is.,
by post is. 2d.; cloth, is. 6d., by post is. 8d.
BEGONIA CULTURE, for Amateurs and Professionals. Containing
Full Directions for the Successful Cultivation of the Begonia, under
Glass and in the Open Air. Illustrated. By B. C. RAVENSCROFT. In
paper, price Is., by post is. 2d.
BENT IRON WORK A Practical Manual of Instruction for Amateurs
in the Art and Craft of Making and Ornamenting Light Articles in
imitation of the beautiful Mediwval and Italian Wrought Iron Work.
By F. J. ERSKINE. Illustrated. In paper, price is., by post is. 2d.

BIRDS, BRITISH, FOR THE CAGE AND AVIARY. Illustrated. By DR. W. T. GREENE.
[In the Press.
BOAT BUILDING AND SAILING, PRACTICAL. Containing
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Butterflies, both upper and under sides, from drawings by the Author
or direct from Nature. By W. J. LUCAS, B.A. Price 3s. 6d., by post 35. 9d.

BUTTERFLY AND MOTH COLLECTING: Where to Search,
and What to Do. By G. E. Simms.

Illustrated. In paper, price Is.,

by post is. 2d.

CACTUS CULTURE FOR AMATEURS: Being Descriptions of
the various Cactuses grown in this country ; with Full and Practical
Instructions for their Successful Cultivation. By W. WATSON, Assistant
Curator of the Royal Botanic Gardens, Kew. Profusely Illustrated.
In cloth gilt, price 5s., by post 5s. 4d.

CAGE BIRDS, DISEASES OF: Their Causes, Symptoms, and Treatment. A Handbook for everyone who keeps a Bird. By DR. W. T.
GREENE, F.Z.S. In paper, price is., by post is. 2d.
CANARY BOOK. The Breeding, Rearing, and Management of
all Varieties of Canaries and Canary Mules, and all other matters
connected with this Fancy. By ROBERT L. WALLACE Third
Edition. In cloth gilt, price 5s., by post 5s. 4d. ; with COLOURED
PLATES, 6s. 6d., by post 6s. 10d.

General Management of Canaries. Cages and Cage-making
Breeding, Managing, Mule Breeding, Diseases and their Treatment,
Moulting, Pests, &c. Illustrated. In cloth, price 2s. 6d., by post 28. 9d.
Exhibition Canaries. Full Particulars of all the different
Varieties, their Points of Excellence, Preparing Birds for Exhibition, Formation and Management of Canary Societies and Exhibitions.
Illustrated. In cloth, price 2s. 6d., by post 2s. 9d.

Full Instructions for Designing and Building Punts, Skiffs, Canoes,
Sailing Boats, &c. Particulars of the most suitable Sailing Boats and
Yachts for Amateurs, and Instructions for their Proper Handling. Fully

CANARY, THE PET. With some Instructions as to its Purchase,

C.E., DIXON KEMP, A.I.N.A., and G. CHRISTOPHER DAVIES. In one vol.,

CARD TRICKS, BOOK OF, for Drawing-room and Stage Entertain-

Illustrated with Designs and Working Diagrams. By ADRIAN NEisoN,
cloth gilt, price 7s. 6d., by post 7s. 10d.

BOAT BUILDING FOR AMATEURS, PRACTICAL. Contain-

ing Full Instructions for Designing and Building Punts, Skiffs, Canoes,
Sailing Boats, &c. Fully Illustrated with Working Diagrams. By
ADRIAN NEISON, C.E.

Second Edition, Revised and Enlarged by DIXON

KEMP, Author of "Yacht Designing," "A Manual of Yacht and Boat
Sailing," &c. In cloth gilt, price 2s. 6d., by post 2s. 9d.
BOAT SAILING FOR AMATEURS. Containing Particulars of
the most Suitable Sailing Boats and Yachts for Amateurs, and Instructions for their Proper Handling, &c. Illustrated with numerous
Diagrams. By G. CHRISTOPHER DAVIES. Second Edition, Revised and
Enlarged, and with several New Plans of Yachts. In cloth gilt, price 5s.,
by post 5s. 4d.

BOOKBINDING FOR AMATEURS: Being Descriptions of the

various Tools and Appliances Required, and Minute Instructions for
their Effective Use. By W. J. E. CRANE. Illustrated with 156 Engrav.
ings. In cloth gilt, price 2s. 6d., by post 2s. 9d.
BUNKUM ENTERTAINMENTS: A Collection of Original Laughable Skits on Conjuring, Physiognomy, Juggling, Performing Fleas,
Waxworks,

Panorama,

Phrenology,

Phonograph,

Second

Sight,

Lightning Calculators, Ventriloquism, Spiritualism, &c., to which are
added Humorous Sketches, Whimsical Recitals, and Drawing-room
Comedies. In cloth, price 2s. 6d., by post 2s. 9d.

BUTTERFLIES, THE BOOK OF BRITISH: A Practical

Manual for Collectors and Naturalists. Splendidly Illustrated through.
out with very accurats Fogravings of the Caterpillars, Chrysalids, and

Diet, Toile,te, Cage, and Sanitary Keeping. Illustrated. By W. H.
BETTS, Hon. Treas. Cage Bird Club. Price 5s., by post 5s. 3d.
ments by Amateurs ; with an exposure of Tricks as practised by Card

Sharpers and Swindlers. Numerous Illustrations. By PROS'. R. KuNARD.

In illustrated wrapper, price 2s. 6d., by post 2s. 9d.

CARNATION CULTURE, for Amateurs. The Culture of Carnations

and Picotees of all Classes in the Open Ground and in Pots. Illustrated.
By B. C. RAVENSCROFT. In paper, price is., by post is. 2d.

CATS, DOMESTIC OR FANCY A Practical Treatise on their

Antiquity, Domestication, Varieties, Breeding, Management, Diseases
and Remedies, Exhibition and Judging. By Joinsr JENNINGS. Illustrated. In cloth, price 2s. 6d., by post 2s. 9d.

CHRYSANTHEMUM CULTURE, for Amateurs and Professionals.
Containing Full Directions for the Successful Cultivation of the
Chrysanthemum for Exhibition and the Market. Illustrated. By
B. C. RAVENSCROFT.

In paper, price is., by post is. 2d.

COINS, A GUIDE TO ENGLISH PATTERN, in Gold, Silver,

Copper, and Pewter, from Edward I. to Victoria, with their Value. By
the REV. G. F. CROWTHER, M.A. Illustrated. In silver cloth, with gilt
facsimiles of Coins, price 5s., by post 5s. 3d.

COINS OF GREAT BRITAIN AND IRELAND, A GUIDE

TO THE, in Gold, Silver and Copper, from the Earliest Period to the
Present Time, with their Value. By the late Colonel W. STEWART
THORBURN. With 32 Plates in Gold, Silver, Copper, &c. In cloth
gilt, price 7s. 6d., by post 7s. 10d.

COLLIE, THE. Its History, Points, and Breeding. By HUGH DALZIEL,
Illustrated with Coloured Frontispiece and Plates. In paper, price is.,
by post is. 2d.; cloth, 2s., by post 2s. 3d.

170, Strand, London, W.C.

Published by L. UPCOTT GILL,
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COLLIE STUD BOOK. Edited by HUGH DALZIEL. Price 3s. 6d. each,
by post 35. 9d. each.
Vol. I., containing Pedigrees of 1308 of the best-known Dogs, traced
to their most remote known ancestors ; Show Record to Feb., 1890, &c.
Vol. II. Pedigrees of 795 Dogs, Show Record, &c.
Vol. III. Pedigrees of 786 Dogs, Show Record, &c.

COLUMBARIUM, MOORE'S. Reprinted Verbatim from the original

Edition of 1735, with a Brief Notice of the Author. By W. B. TEGETMEIER, F.Z.S., Member of the British Ornithologists' Union. Price is.,
by post is. 2d.

CONJURING, BOOK OF MODERN. A Practical Guide to Drawing.

room and Stage Magic for Amateurs. By PROFESSOR R. KUNARD,
Illustrated. In illustrated wrapper, price 2s. 6d., by post 2s. 9d.
COOKERY FOR AMATEURS; or, French Dishes for English Homes
of all Classes. Includes Simple Cookery, Middle-class Cookery, Superior
Cookery, Cookery for Invalids, and Breakfast and Luncheon Cookery.
By MADAME VALERIE. Second Edition. In paper, price is., by post is. 2d.

CRICKET. The History of a Hundred Centuries, as Written by Dr.
W. G. GRACE, and Edited by W. YARDLEY.

In paper, 6d., by post 7d.

CUCUMBER CULTURE FOR AMATEURS. Including also

Melons, Vegetable Marrows, and Gourds. Illustrated. By W. J. MAY.
In paper, price is., by post is. 2d.
CYCLIST'S ROUTE MAP of England and Wales. Shows clearly
all the Main, and most of the Cross, Roads, Railroads, and the Distances
between the Chief Towns, as well as the Mileage from London. In

addition to this, Routes of Thirty of the most Interesting Tours are
printed in red. Fourth Edition, thoroughly revised. The map is

printed on specially prepared vellum paper, and is the fullest, handiest,
and best up-to-date tourist's map in the market. In cloth, price ls.,
by post is. 2d.

DESIGNING, HARMONIC.

Explaining a System whereby an
Endless Variety of Most Beautiful Designs suited to numberless
Manufactures may be obtained by Unskilled Persons from any Printed

Music. Illustrated by Numerous Explanatory Diagrams and Illustrative
Examples. By C. H. WILKINsoN. Demy 4to, price £2 2s. [In the Press.

DOGS, BREAKING AND TRAINING: Being Concise Directions
for the proper education of Dogs, both for the Field and for Companions.
Second Edition. By "PATHFINDER." With Chapters by HUGH
DALZIEL. Illustrated. In cloth gilt, price 6s. 6d., by post 6s. 10d.

DOGS, BRITISH, ANCIENT AND MODERN: Their Varieties,

History, and Characteristics. By HUGH DALZIEL, assisted by Eminent
Fanciers. SECOND EDITION, Revised and Enlarged. Illustrated with
First-class COLOURED PLATES and full-page Engravings of Dogs of
the Day. This is the fullest work on the various breeds of dogs kept in
England. In three volumes, demy 8vo, cloth gilt, price 10s. 6d. each, by

post Ils. id. each.

Dogs Used in Field Sports.

Containing Particulars of the

following among other Breeds Greyhound, Irish Wolfhound, Bloodhound, Foxhound, Harrier, Basset, Dachshund, Pointer, Setters,
Spaniels, and Retrievers. SEVEN COLOURED PLATES and 21 full-page
Engravings.

Dogs Useful to Man in other Work than Field Sports ;

House and Toy Dogs.

Containing Particulars of the following,

among other Breeds : Collie, Bulldog, Mastiff, St. Bernards, Newfoundland,

Great Dane, Fox and all other Terriers, King Charles and Blenheint
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Spaniels, Pug, Pomeranian, Poodle, Italian Greyhound, Toy Dogs, &e.,
&e.

COLOURED PLATES and full-page Engravings.

Practical Kennel Management : A Complete Treatise on all

Matters relating to the Proper Management of Dogs, whether kept for
the Show Bench, for the Field, or for Companions. Illustrated with
[In the Press.
Coloured and numerous other Plates.

DOGS, DISEASES OF: Their Causes, Symptoms, and Treatment ;

Modes of Administering Medicines ; Treatment in cases of Poisoning, &c.

For the use of Amateurs. By HUGH DALZIEL. Third Edition. In
paper, price is., by post is. 2d. ; in cloth gilt, 2s., by post 2s. 3d.

ENTERTAINMENTS, AMATEUR, FOR CHARITABLE AND
OTHER OBJECTS: How to Organize and Work them with Profit
and Success. By ROBERT GANTHONY.

In coloured cover, price is., by

post is. 2d.

FANCY WORK SERIES, ARTISTIC. A Series of Illustrated

Manuals on Artistic and Popular Fancy Work of various kinds. Each
number is complete in itself, and issued at the uniform price of 6d., by
post 7d. Now ready-(1) MACRAME LACE (Second Edition) ; (2) PATCHWORK; (3) TATTING; (4) CREWEL WORK; (5) APPLIQUE; (6) FANCY
NETTING.

FEATHERED FRIENDS, OLD AND NEW. Being the Expe-

rience of many years' Observation of the Habits of British and Foreign
[In the Press.
Cage Birds. By DR. W. T. GREENE.
FERNS, THE BOOK OF CHOICE for the Garden, Conservatory,
and Stove. Describing the best and most striking Ferns and Selaginellas, and giving explicit directions for their Cultivation, the formation of Rockeries, the arrangement of Ferneries, &c. By GEORGE
SCHNEIDER. With numerous Coloured Plates and other Illustrations.
In 3 vols., large post 4to. Cloth gilt, price £3 3s., by post .23 6s.
FERNS, CHOICE BRITISH. Descriptive of the most beautiful
Variations from the common forms, and their Culture. By C. T. DRUERY,
F.L.S. Very accurate PLATES, and other Illustrations. In cloth gilt,

price 2s. 6d., by post 2s. 9d.

FERRETS AND FERRETING. Containing Instructions for the
Breeding, Management, and Working of Ferrets. Second Edition, Rewritten and greatly Enlarged. Illustrated. In paper, price 6d., by
post 7d.

These are Forms of
Guarantee given by the Sellers to the Buyers of Eggs for Hatching,
undertaking to refund value of any unfertile eggs, or to replace them
with good ones. Very valuable to sellers of eggs, as they induce
purchases. In books, with counterfoils, price 6d., by post 7d.
FIREWORK-MAKING FOR AMATEURS. A complete, accurate,

FERTILITY OF EGGS CERTIFICATE.

and easily-understood work on Making Simple and High-class Fireworks.
By Dr. W. H. BROWNE, MA. In paper, price 2s. 6d., by post 2s. 9d.

FISHERMAN, THE PRACTICAL.

Dealing with the Natural

History, the Legendary Lore, the Capture of British Fresh-Water Fish,
and Tackle and Tackle-making. By J. H. KEENE. In clot', pnce
7s. 6d., by post, 8s.

FISH, FLESH, AND FOWL When in Season, How to Select, Cook,
and Serve. By MARY BARRETT BROWN.

[In the Press.

FOREIGN BIRDS, FAVOURITE, for Cages and Aviaries. How to
Keep them in Health. Fully Illustrated. By W. T. GREENE, M.A.,
M.D., F.Z.S., &c. In cloth, price 2s. 6d., by post 2s. 9d.
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170, Strand, London, W.C.

PubHalted by L. ITPcOTT GILL,

Pox TERRIER, THE.

Its History, Points, Breeding, Rearing, Preparing, for Exhibition, and Coursing. By iftrori DALZIEL. Illustrated
with Coloured Frontispiece and Plates. In paper, price is., by post
Is. 2d. ; cloth, 2s., by post 2s. 3d.

FOX TERRIER STUD BOOK. Edited by HUGH DALZIEL.

Price
3s. 6d. each., by post 3s. 9d. each.
Vol. I., containing Pedigrees of over 1400 of the best-known Dogs,
traced to their most remote known ancestors.

Vol. II.

Pedigrees of 1544 Dogs, Show Record, &c.

Vol. III. Pedigrees of 1214 Dogs, Show Record, &c.
Vol. IV. Pedigrees of 1168 Dogs, Show Record, &c.
Vol.

V. Pedigrees of 1662 Dogs, Show Record, &c.

FRETWORK AND MARQUETRY.

A Practical Manual of

Instructions in the Art of Fret-cutting and Marquetry Work. Profusely
Illustrated. By D. DENNING. In cloth, price 2s. 6d., by post 2s. 10d.

FRIESLAND XERES, A CRUISE ON THE.

By ERNEST R.

In paper, price is., by post is. 2d.
GAME AND GAME SHOOTING, NOTES ON. Grouse, Partridges, Pheasants, Hares, Rabbits, Quails, Woodcocks, Snipe, and
Rooks. By J. J. MANLEY. Illustrated. In cloth gilt, price 7s. 6d.,
SUFFLING.

Illustrated.

by post 7s. 10d.

GAMES, THE BOOK OF A HUNDRED.

By MARY WHITE.
These Games are for Adults, and will be found extremely serviceable for
Parlour Entertainment. They are Clearly Explained, and are Ingenious,
Clever, Amusing, and exceedingly Novel. In cloth, price 2s. 6d., by
post 2s. 9d.

GARDENING, DICTIONARY OF. A Practical Encyclopcedia of

Horticulture, for Amateurs and Professionals. Illustrated with 2440
Engravings. Edited by G. NicHoLsoN, Curator of the Royal Botanic
Gardens, Kew ; assisted by Prof. Trail, M.D., Rev. P. W. Myles,
B.A., F.L.S., W. Watson, J. Garrett, and other Specialists. In 4 vols.,
large post 4to. In cloth gilt, price £3, by post .R3 3s.

GARDENING IN EGYPT. A Handbook of Gardening for Lower
Egypt. With a Calendar of Work for the different Months of the
Year.

By WALTER DRAPER.

In cloth, price 3s. 6d., by post 3s. 9d.

GOAT, BOOK or THE. Containing Full Particulars of the various
Breeds of Goats, and their Profitable Management. With many Plates.
By H. STEPHEN HOLMES PEGLER. Third Edition, with Engravings and
Coloured Frontispiece. In cloth gilt, price 4s. 6d., by post 4s. 10d.

GOAT-KEEPING FOR AMATEURS: Being the Practical Manage.

ment of Goats for Milking Purposes. Abridged from "The Book of the
Goat." Illustrated. In paper, price is., by post is. 2d.

GRAPE GROWING FOR AMATEURS. A Thoroughly Practical
Book on Successful Vine Culture. By E. MoLyNEux. Illustrated, in
paper, price is., by post is. 2d.

GREENHOUSE MANAGEMENT FOR AMATEURS.

The

Best Greenhouses and Frames, and How to Build and Heat them, Illustrated Descriptions of the most suitable Plants, with general and
Special Cultural Directions, and all necessary information for the
Guidance of the Amateur. Second Edition, Revised and Enlarged.
Magnificently Illustrated. By W. J. MAY. In cloth gilt, price 55.
by post 5s. 4d.
GREYHOUND, THE: Its History, Points, Breeding, Rearing, Training,
and Running. By HUGH DALZIEL. With Coloured Frontispiece. In
cloth gilt, demy 8vo, price 2s. 6d., by post 2s. 9d.
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Illustrated with
Coloured Frontispiece and Engravings. An exhaustive book on the

GUINEA PIG, THE, for Food, Fur, and Fancy.

Varieties of the Guinea Pig, and its Management. By C. CUMBERLAND,
F.Z.S. In ,loth gilt, price 2s. 6d., by post 2s. 9d.
HAND CAMERA MANUAL, THE. A Practical Handbook on all
Matters connected with the Use of the Hand Camera in Photography.
Illustrated. By W. D. WELFORD. Third Edition. Price is., by post is. 2d.
HANDWRITING, CHARACTER INDICATED BY. With Illustrations in Support of the Theories advanced taken from Autograph
Letters of Statesmen, Lawyers, Soldiers, Ecclesiastics, Authors, Poets,
Musicians, Actors, and other persons. Second Edition. By R. BAUGHAN.

In cloth gilt, price 2s. 6d., by post 2s. 9d.
HARDY PERENNIALS and Old-fashioned Garden Flowers. Descrip-

tions, alphabetically arranged, of the most desirable Plants for Borders,
Rockeries, and Shrubberies, including Foliage as well as Flowering
Plants. Profusely Illustrated. By J. WOOD. In cloth, price 5s., by
post 5s. 4d.
HAWK MOTHS, BOOK OF BRITISH. A Popular and Practical
Manual for all Lepidopterists. Copiously illustrated in black and white
from the Author's own exquisite Drawings from Nature. By W. J.
LUCAS, B.A. In cloth, price 3s. 6d., by post 3s. 9d.
HOME MEDICINE AND SURGERY: A Dictionary of Diseases
and Accidents, and their proper Home Treatment. For Family Use. By
W. J. MACKENZIE, M.D. Illustrated. In cloth, price 2s. 6d., by post 2s. 9d.

HORSE-KEEPER, THE PRACTICAL. By GEORGE FLEMING, C.B.,
LL.D., F.R.C.V.S., late Principal Veterinary Surgeon to the Britis.i
Army, and Ex-President of the Royal College of Veterinary Surgeons.
In cloth, price 3s. 6d., by post 3s. 10d.

HORSE-KEEPING FOR AMATEURS. A Practical Manual on

the Management of Horses, for the guidance of those who keep one or
two for their personal use. By Fox RUSSELL. In paper, price is.,
by post is. 2d.; cloth, 2s., by post 2s. 3d.
HORSES, DISEASES OF: Their Causes, Symptoms, and Treatment.
For the use of Amateurs. By HUGH DALZIEL. In paper, price is.,
by post is. 2d. ; cloth 2s., by post 2s. 3d.

INCUBATORS AND THEIR MANAGEMENT.
SUTCLIFFE.

By J. H.

Illustrated. In paper, price is., by post is. 2d.

of the Spas of
INLAND WATERING PLACES. A Description
Great Britain and Ireland, their Mineral Waters, and their Medicinal

Value, and the attractions which they offer to Invalids and other Visitors.
Profusely illustrated. A Companion Volume to "Seaside Watering Places."
In cloth, price 2s. 6d., by post 2s. 10d.
JOURNALISM, PRACTICAL: How to Enter Thereon and Succeed.
A book for all who think of "writing for the Press." By JOHN DAWSON.
In cloth gilt, price 2s. 6d., by post 2s. 9d.

LAYING HENS, HOW TO KEEP and to Rear Chickens in Large
or Small Numbers, in Absolute Confinement, with Perfect Success. By
MAJOR G. F. MORANT. In paper, price 6c1., by post 7d.
LIBRARY MANUAL, THE. A Guide to the Formation of a Library,

By J. H. SLATER,
Barrister-at-Law. Third Edition. Revised and Greatly Enlarged. In
cloth gilt, price 7s. 6d., by post 7s. 10d.

and the Values of Rare and Standard Books.

MAGIC LANTERNS, MODERN, A Guide to the Management
Lecturers,
of the Optical Lantern, for the Use of Entertainers,
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Photographers, Teachers, and others. By R. CHILD BAYLEY. In
paper, price is., by post is. 2d.
MICE, FANCY: Their Varieties, Management, and Breeding. Third
Edition, with additional matter and Illustrations. In coloured wrapper
representing different varieties, price is., by post is. 2d.
A Practical Manual of Instruction
for Ladies. Illustrated. By MME. ROSEE, Court Milliner, Principal of
the School of Millinery. In paper, price Is., by post Is. 2d.

MILLINERY, HANDBOOK OF.

MODEL YACHTS AND BOATS
Sailing.

Their Designing, Making, and
Illustrated with 118 Designs and Working Diagrams. By

J. Du V. GROSVENOR.

in leatherette, price 5s., by post 5s. 3d.

MONKEYS, PET, and How to Manage Them. Illustrated. By ARTHUR
PATTERSON.

In cloth gilt, price 25. 6d., by post 2s. 9d.

MOUNTAINEERING, WELSH. A Complete and Handy Guide to

all the Best Roads and Bye-Paths by which the Tourist should Ascend
the Welsh Mountains. By A. W. PERRY. With numerous Maps.
[Nearly Ready.

MUSHROOM CULTURE FOR AMATEURS. With Full Directions

for Successful Growth in Houses, Sheds, Cellars, and Pots, on Shelves,
and Out of Doors. Illustrated. By W. J. MAY. In paper, price is, by
post is. 2d.

NATURAL HISTORY SKETCHES among the Carnivora-Wild and

Domesticated ; with Observations on their Habits and Mental Faculties.
By ARTHUR NICOLS, F.G.S., F.R.G.S. Illustrated. In cloth gilt,
price 25. 6d., by post 2s. 9d.

NEEDLEWORK, DICTIONARY OF. An Encyclopmdia of Artistic,

9
170, Strand, London, W.C.
PARROT, THE GREY, and How to Treat it. By W. T. GREENE,
M.D., M.A., F.Z.S., &c. Price is., by post is. 2d.

PARROTS, THE SPEAKING. The Art of Keeping and Breeding
the principal Talking Parrots in Confinement. By DR. KARL Russ.
Illustrated with COLOURED PLATES and Engravings. In cloth gilt,

price 5s., by post 5s. 4d.

PATIENCE, GAMES OF, for one or more Players.

How to Play

106 different Games of Patience. By MISS WHITMORE JONES. Illustrated. Series I., 39 games ; Series II., 34 games ; Series III., 33
games. Each is., by post Is. 2d. The three bound together in cloth,
price 3s. 6d., by post 3s. 10d.

PEN PICTURES, and How to Draw Them. A Practical Handbook on

the various Methods of Illustrating in Black and White for " Process "
Engraving, with numerous Designs, Diagrams, and Sketches. By ERIC
MEADE. In cloth gilt, price 2s. 6d., by post 2s. 9d.

PERSPECTIVE, THE ESSENTIALS OF

With numerous

Illustrations drawn by the Author. By L. W. MILLER, Principal of the
School of Industrial Art of the Pennsylvania Museum, Philadelphia.
Price 6s. 6d., by post 6s. 10d.

PHEASANT-KEEPING FOR AMATEURS.

A Practical Handbook on the Breeding, Rearing, and General Management of Fancy
Pheasants in Confinement. By GEO. HORNE. Fully Illustrated. In
cloth gilt, price 3s. 6d., by post 3s. 9d.

PHOTOGRAPHY (MODERN) FOR AMATEURS.

New and
Revised Edition. By J. EATON FEARN. In. paper, price is., by post
is. 2d.

Plain, and Fancy Needlework ; Plain, practical, complete, and
magnificently Illustrated. By S. F. A. CAULFEILD and B. C. SAWARD.

PIANOFORTES, TUNING AND REPAIRING. The Amateur's

cushioned bevelled boards, price 21s., by post 22s.; with COLOURED
PLATES, elegant satin brocade cloth binding, and coloured edges,

PICTURE-FRAME MAKING FOR AMATEURS. Being Practi-

In demy 4to, 528pp., 829 Illustrations, extra cloth gilt, plain edges,
31s. 6d., by post 32s. 6d.
ORCHIDS: Their Culture

and

Management,

of all the Kinds in General Cultivation.

with Descriptions

Illustrated by Coloured

Plates and Engravings.
By W. WATSON, Assistant-Curator,
Royal Botanic Gardens, Kew ; Assisted by W. BEAN, Foreman, Royal
Gardens, Kew. Second Edition, Revised and with Extra Plates. In
cloth gilt and gilt edges, price ..t1 is., by post Li is. 10d.

PAINTERS AND THEIR WORKS. A Work of the Greatest
Value to Collectors and such as are interested in Art, as it gives,
besides Biographical Sketches of all the Artists of Repute (not now
living) from the 13th Century to the present date, the Market Value
of the Principal Works Painted by Them, with Full Descriptions of
Same.

In 3 vols., cloth, price 15s. per vol., or 37s. 6d. the set of 3.

PAINTING, DECORATIVE. A practical Handbook on Painting and
Etching upon Textiles, Pottery, Porcelain, Paper, Vellum, Leather, Glass,
Wood, Stone, Metals, and Plaster, for the Decoration of our Homes. By
B. C. SAWARD. In cloth, price 35. 6d., by post 3s. 9d.

PARCEL POST DISPATCH BOOK (registered). An invaluable book
for all who send parcels by post. Provides Address Labels, Certificate
of Posting, and Record of Parcels Dispatched. By the use of this book

parcels are insured against loss or damage to the extent of .£2.
Authorized by the Post Office. Price is., by post is. 2d., for 100

parcels ; larger sizes if required.

Guide to the Practical Management of a Piano without the intervention
of a Professional. By CHARLES BABBINGTON. In paper, price 6d., by
post 6id.

cal Instructions in the Making of various kinds of Frames for Paintings,
Drawings, Photographs, and Engravings. Illustrated. By the REV. J.
LT:Him In paper, price is., by post is. 2d.
PIG, BOOK OF THE. The Selection, Breeding, Feeding, and
Management of the Pig ; the Treatment of its Diseases ; the Curing

and Preserving of Hams, Bacon, and other Pork Foods ; and other

information appertaining to Pork Farming. By PROFESSOR JAMES LONG.

Fully Illustrated with Portraits of Prize Pigs, Plans of Model Piggeries,
&c. In cloth gilt, price 10s. 6d., by post us.

PIG-KEEPING, PRACTICAL: A Manual for Amateurs, based on
Personal Experience in Breeding, Feeding, and Fattening ; also in
Buying and Selling Pigs at Market Prices. By R. D. GARRATT. In
paper, price Is., by post is. 2d.
PIGEONS, FANCY. Containing Full Directions for the Breeding and

Management of Fancy Pigeons, and Descriptions of every known
Variety, together with all other information of interest or use to Pigeon
Fanciers. Third Edition, bringing the subject down to the present
time. 18 COLOURED PLATES, and 22 other full-page Illustrations.
By J. C. LYELL. In cloth gilt, price 10s. 6d., by post 10s. 10d.

PIGEON-KEEPING FOR AMATEURS. A complete Guide to the
Amateur Breeder of Domestic and Fancy Pigeons.
Illustrated. In. cloth, price 2s. 6d., by post 2s. 9d.

By J. C. LYELL.

POKER BOOK, THE. How to Play Poker with Success.
GUERNDALE.

In paper, price is., by post is, 2d.

By R.
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POLISHES AND STAINS FOR WOODS: A Complete Guide to

Polishing Woodwork, with Directions for Staining, and Full Information

for making the Stains, Polishes, &c., in the simplest and most satisfactory manner. By DAVID DENNING. In paper, Is., by post is. 2d.
Describing Various English and American
Pool Games, and giving the Rules in full. Illustrated. In paper,

POOL, GAMES OF.

price is., by post is. 2d.

POTTERY AND PORCELAIN, ENGLISH.

A Guide for

Collectors. Handsomely Illustrated with Engravings of Specimen Pieces

and the Marks used by the different Makers. New Edition, Revised

and Enlarged. By the REV. E. A. DOWNMAN.
by post 5s. 4d.

POULTRY-KEEPING, POPULAR.

In cloth gilt, price 5s.,

A Practical and Complete

Guide to Breeding and Keeping Poultry for Eggs or for the Table. By
F. A. MACKENZIE. Illustrated. In paper, price is., by post is. 2d.

POULTRY AND PIGEON DISEASES: Their Causes, Symptoms,
and Treatment.

A Practical Manual for all Fanciers.

CRAIG and JAMES LYELL.

By QuINTIN

In paper, price is., by post is. 2d.
POULTRY FOB, PRIZES AND PROFIT. Contains Breeding
Poultry for Prizes, Exhibition Poultry and Management of the
Poultry Yard. Handsomely Illustrated. Second Edition. By PROF.
JAMES LONG. In cloth gilt, price 2s. 6d., by post 2s. 10d.

RABBIT, BOOK OF THE. A Complete Work on Breeding and
Rearing all Varieties of Fancy Rabbits, giving their History, Variations,
Uses, Points, Selection, Mating, Management, &c., &c. SECOND
EDITION. Edited by KEMPSTER W. KNIGHT. Illustrated with
Coloured and other Plates. In cloth gilt, price 10s. 6d., by post its.

RABBITS, DISEASES OF: Their Causes, Symptoms, and Cure.

With a Chapter on THE DISEASES OF CAVIES. Reprinted from "The

Book of the Rabbit" and "The Guinea Pig for Food, Fur, and Fancy."
In paper, price Is., by post is. 2d.

RABBIT-FARMING, PROFITABLE. A Practical Manual, showing how Hutch Rabbit-farming in the Open can be made to Pay Well.
By MAsou G. F. MORANT. In paper, price is., by post is. 2d.
RABBITS FOR PRIZES AND PROFIT. The Proper Management of Fancy Rabbits in Health and Disease, for Pets or the Market,
and Descriptions of every known Variety, with Instructions for Breeding Good Specimens, Illustrated. By CHARLES RAYSON. In cloth
gilt, price 2s. 6d., by post 2s. 9d. Also in Sections, as follows :-

General Management of Rabbits. Including Hutches, Breeding, Feeding, Diseases and their Treatment, Rabbit Courts, &c. Fully
Illustrated. In paper, price is., by post is. 2d.
Exhibition Rabbits. Being descriptions of all Varieties of
Fancy Rabbits, their Points of Excellence, and how to obtain them.
Illustrated. In paper, price Is., by post is. 2d.
REPOUSSi WORK FOR AMATEURS: Being the Art of Ornamenting Thin Metal with Raised Figures. By L. L. HAsLorE. Illustrated. In cloth gilt, price 2s. 6d., by post 2s. 9d.

ROAD CHARTS (Registered). For Army Men, Volunteers, Cyclists,
and other Road Users. By S. W. HEPWORTH DIXON and A. B. H.
CLERKE, Royal Artillery.

No. 1.-London to Brighton. [Nearly ready.

ROSES FOR AMATEURS. A Practical Guide to the Selection and

Cultivation of the best Roses. Illustrated. By the REV. J. HONYWOOD
D'OMBRAIN, Hon. Sec. Nat. Rose Soc. In paper, Is., by post is. 2d.

SAILING GUIDE TO THE SOLENT AND POOLE

HARBOUR, with Practical Hints as to Living and Cooking on, and
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Working a Small Yacht.

By LIEUT.-COLONEL T. G. CUTHELL.
Illustrated with Coloured Charts. In cloth, price 2s. 6d., by post 2s. 9d.

SAILING TOURS. The Yachtman's Guide to the Cruising Waters
of the English and Adjacent Coasts. With Descriptions of every Creek,
Harbour, and Roadstead on the Course. With numerous Charts printed
in Colours, showing Deep water, Shoals, and Sands exposed at low water,
with sounding. In Crown 8vo., cloth gilt. By FRANK COWPER, B.A.
Vol. I., the Coasts of Essex and Suffolk, from the Thames to Aldborough. Six Coloured Charts. Price 5s., by post 5s. 3d.
Vol. II. The South Coast, from the Thames to the Scilly Islands, with
twenty-five Charts printed in Colours. Price 7s. 6d., by post 7s. 10d.
Vol. III. The Coast of Brittany Descriptions of every Creek,

Harbour, and Roadstead from L'Abervrach to St. Nazaire, and an
Account of the Loire. With twelve Charts, printed in Colours. Price
78. 6d., by post 7s. 10d.

Vol. IV. The West Coast, from Land's End to Mn.11 of Galloway,
With thirty Charts, printed

including the East Coast of Ireland.

in Colours. Price 10s. 6d., by post 10s. 10d.

Vol. V. The Coasts of Scotland and the N.E. of England down
to Aldborough. With forty Charts. Price 10s. 6d., by post 10s. 10d.

ST. BERNARD, THE. Its History, Points, Breeding, and Rearing.
By HUGH DALZIEL.

Illustrated with Coloured Frontispiece and Plates.
In cloth, price 2s. 6d., by post 2s. 9d.
ST. BERNARD STUD BOOK. Edited by HUGH DALZIEL. Price

3s. 6d. each., by post 3s. 9d. each.
Vol. I. Pedigrees of 1278 of the best known Dogs, traced to their

most remote known ancestors, Show Record, &c.
Vol. II. Pedigrees of 564 Dogs, Show Record, &c.
SEA-FISHING FOR AMATEURS. Practical Instructions to
Visitors at Seaside Places for Catching Sea-Fish from Pier-heads, Shore,
or Boats, principally by means of Hand Lines, with a very useful List of

Fishing Stations, the Fish to be caught there, and the Best Seasons.
By FRANK HUDSON. Illustrated. In paper, price is., by post ls. 2d.

SEA-FISHING ON THE ENGLISH COAST. The Art of Making
and Using Sea-Tackle, with a full account of the methods in vogue

during each month of the year, and a Detailed Guide for Sea-Fishermen
to all the most Popular Watering Places on the English Coast. By
F. G. AFLALO. Illustrated. In cloth, price 2s. 6d., by post 2s. 9d.

SEASIDE WATERING PLACES. A Description of the Holiday
Resorts on the Coasts of England and Wales, the Channel Islands,
and the Isle of Man, giving full particulars of them and their attractions, and all information likely to assist persons in selecting places in

which to spend their Holidays according to their individual tastes.

Illustrated. Eighth Edition. In cloth, price 2s. 6d., by post 2s. 10d.

SHADOW ENTERTAINMENTS, and How to Work Them being

Something about Shadows, and the way to make them Profitable and
Funny. By A. PATTERSON. In paper, price is., by post is. 2d.

SHAVE, AN EASY: The Mysteries, Secrets, and Whole Art of, laid
bare for Is., by post Is. 2d. Edited by JOSEPH MORTON.

SHEET METAL, WORKING IN: Being Practical Instructions for

Making and Mending Small Articles in Tin, Copper, Iron, Zinc, and
Brass. Illustrated. Third Edition. By the Rev. J. LUK/N, B.A. In
paper, price Is., by post is. id.
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SHORTHAND, ON GURNEY'S SYSTEM (IMPROVED),

TURNING FOR AMATEURS Being Descriptions of the Lathe and
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LESSONS IN Being Instructions in the Art of Shorthand Writing as
used in the Service of the two Houses of Parliament. By R. E. MILLER.
In paper, price is., by post Is. 2d.

SHORTHAND, EXERCISES IN, for Daily Half Hours, on a Newlydevised and Simple Method, free from the Labour of Learning. Illustrated. Being Part II. of "Lessons in Shorthand on Gurney's System

(Improved)." By R. E. MILLER. In paper, price 9d., by post 10d.

SHORTHAND SYSTEMS; WHICH IS THE BEST? Being a
Discussion, by various Experts, on the Merits and Demerits of all the
principal Systems, with Illustrative Examples. Edited by THOMAS
ANDERSON. In paper, price 1.s., by post is. 2d.
SKATING CARDS: An Easy Method of Learning Figure Skating, as
the Cards can be used on the Ice. In cloth case, 2s. 6d., by post 2s. 9d. ;
leather, 3s. 6d., by post 3s. 9d. A cheap form is issued printed on paper
and made up as a small book, is., by post Is. 1.d.

SLEIGHT OF HAND. A Practical Manual of Legerdemain for

Amateurs and Others. New Edition, Revised and Enlarged. Profusely
Illustrated. By E. SACHS. In cloth gilt, price 65. 6d., by post 6s. 10d.
SNAKES, MARSUPIALS, AND BIRDS. A Charming Book of
Anecdotes, Adventures, and Zoological Notes. A capital Book for Boys.
By ARTHUR NICOLS, F.G.S., F.R.G.S., &c. Illustrated. In cloth gilt,
price 3s. 6d., by post 3s. 10d.

STAMPS, POSTAGE, and their Collection. A Practical Handbook
for Collectors of Postal Stamps, Envelopes, Wrappers, and Cards.
Illustrated. By D. FIRTH, Member of the Philatelic Societies of
London, Leeds, and Bradford.

[In the Press.

TAXIDERMY, PRACTICAL. A Manual of Instruction to the

Amateur in Collecting, Preserving, and Setting-up Natural History
Specimens of all kinds. With Examples and Working Diagrams. By
MONTAGD BROWNE, F.Z.S., Curator of Leicester Museum.
Edition. In cloth gilt, price 7s. 6d., by post 7s. 10d.

Second

THAMES GUIDE BOOK. From Lechlade to Richmond. For Boating
Men, Anglers, Picnic Parties, and all Pleasure-seekers on the River.

Arranged on an entirely new plan. Second Edition, profusely illustrated.
In paper, price is. by post is. 3d. ; cloth, is. 6d., by post is. 9d.

TOMATO AND FRUIT GROWING as an Industry for Women.

Lectures given at the Forestry Exhibition, Earl's Court, during July
and August, 1893. By GRACE HARRIMAN, Practical Fruit Grower

and County Council Lecturer. In paper, price is., by post is. ld.
TOMATO CULTURE FOR AMATEURS. A Practical and very
Complete Manual on the Subject. By B. C. RAVENSCROFT.

Illustrated.

In paper, price is., by post is. 3d.

TOYMAKIN G FOR AMATEURS: Being Instructions

for the

Home Construction of Simple Wooden Toys, and of others that are

Moved or Driven by Weights, Clockwork, Steam, Electricity, &c. Illustrated. By JAMES LIIKIN, B.A. In cloth, price 2s. 6d., by post 2s. 10d.

TRAPPING, PRACTICAL

Being some Papers on Traps and

Trapping for Vermin, with a Chapter on General Bird Trapping and
Snaring. By W. CARNEGIE. In paper, price is., by post is. 2d.

TURKEY, THE. A Handy Manual for both the Amateur and Pro-

fessional Breeder of the Turkey, describing its Characteristics, Varieties,
and Management. By W. WILLis-HA.B.Ris, Vice-President of the
Turkey Club. In paper, price is., by post is. 2d.

its Attachments and Tools, with Minute Instructions for their Effective
Use on Wood, Metal, Ivory, and other Materials. Second Edition,
Revised and Enlarged. By JAMES LUBIN, B.A. Illustrated with 144
Engravings. In cloth gilt, price 2s. 6d., by post 2s. 9d.
TURNING LATHES. A Manual for Technical Schools and Apprentices.
A guide to Turning, Screw-cutting, Metal-spinning, &c. Edited by
JAMES LuKrisr, B.A. Third Edition. With 194 Illustrations. In cloth
gilt, price 3s., by post 3s. 3d.

VAMP, HOW TO. A Practical Guide to the Accompaniment of Songs
by the Unskilled Musician. With Examples. In paper, price 9d., by
post 10d.

VEGETABLE CULTURE FOR AMATEURS. Containing Concise
Directions for the Cultivation of Vegetables in Small Gardens so as to
insure Good Crops. With Lists of the Best Varieties of each Sort. By
W. J. MAY. Illustrated. In paper, price is., by post is. 2d.

VENTRILOQUISM, PRACTICAL. A thoroughly reliable Guide to
the Art of Voice Throwing and Vocal Mimicry, Vocal Instrumentation,
Ventriloquial Figures, Entertaining, &c. By ROBERT GAwritorTv.
Numerous Illustrations. In cloth, price 2s. 6d., by post 2s. 9d.

VIOLINS (OLD) AND THEIR MAKERS: Including

some

References to those of Modern Times. By JAMES M. FLEMING.
Illustrated with Facsimiles of Tickets, Sound-Holes, &c. Reprinted
by Subscription. In cloth, price 6s. 6d., by post 6s. 10d.

VIOLIN SCHOOL, PRACTICAL, for Home Students. Instructions
and Exercises in Violin Playing, for the use of Amateurs, Selflearners, Teachers, and others. With a supplement on "Easy Legato

Studies for the Violin." By J. M. FLEMING. Demy 4to, price 9s. 6d.,
by post 10s. 4d.

Without Supplement, price 7s. 6d., by post 8s. id.

WAR MEDALS AND DECORATIONS A Manual for Collectors,

with some account of Civil Rewards for Valour. Beautifully Illustrated.
By D. HASTINGS IRWIN. In cloth, price 7s. 6d., by post 7s. 10d.

WHIPPET AND RACE-DOG, THE: How to Breed, Rear, Train,
Race, and Exhibit the Whippet, the Management of Race Meetings,
and Original Plans of Courses. By FREEMAN LLOYD. In cloth gilt,
price 3s. 6d., by post 3s. 10d.

WILDFOWLING, PRACTICAL A Book on Wildfowl and Wildfowl
Shooting. By Hr. SHARP. The result of 25 years' experience in
Wildfowl Shooting under all sorts of conditions of locality as well as
circumstances. Profusely Illustrated. Demy 8vo, price 12s. 6d., by
post 13s.

WINDOW TICKET WRITING. Containing full Instructions on the

Method of Mixing and Using the Various Inks, &c., required, Hints on
Stencilling as applied to Ticket Writing, together with Lessons on Glass

Writing, Japanning on Tin, &c. Especially written for the use of
Learners and Shop Assistants.

By Wm. C. SCOTT. In paper, price is.,

by post is. 2d.

WIRE AND SHEET GAUGES OF THE WORLD. Compared
and Compiled by C. A. B. PFEILSCHMIDT, of Sheffield.
price is., by post is. 1.d.

In paper,

WOOD CARVING FOR AMATEURS. Full Instructions for producing all the different varieties of Carvings.
D. DENNING. Price is., by post is. 2d.

2nd Edition. Edited by

PUBLISHED BY E. and F. N. SPON.
RECENTLY PUBLISHED.

ROWLANDS' ARTICLES

Crown 4to, full gilt, fancy cloth, 478 pages Letterpress and 735 Engravings, price 7/6.

For the HAIR, COMPLEXION, & TEETH, are the

POPULAR ENGINEERING:

PUREST AND BEST.

BEING INTERESTING AND INSTRUCTIVE EXAMPLES IN

CIVIL,

MECHANICAL, ELECTRICAL, CHEMICAL,
MILITARY, and NAVAL ENGINEERING,

MINING,

--.60ROMOR

ROWLANDS' ODONTOI
An antiseptic, preservative, and aromatic dentifrice, which whitens the teeth, prevents and

GRAPHICALLY AND PLAINLY DESCRIBED AND

Specially Written for those about to enter the Engineering Profession and the
Scientific Amateur. With Chapters upon
PERPETUAL MOTION and ENGINEERING COLLEGES and SCHOOLS.

By- E. D-5rM.

MECHANICS' OWN BOOK.

SPONS' MECHANICS' OWN BOOK:
A MANUAL FOR HANDICRAFTSMEN AND AMATEURS.
Complete in One large Vol., demy 8vo, cloth, containing 700 pp. and 1420 Illustrations.
Fourth Edition, 6/- or half-bound, French morocco, 7/6.

Contents:

Mechanical Drawing; Casting and Founding in Iron, Brass, Bronze, and other Alloys ;
Forging and Finishing Iron ; Sheet Metal Working ; Soldering, Brazing, and Burning

Carpentry and Joinery, embracing descriptions of some 400 woods ; over 200 Illustrations of
Tools and their Uses ; Explanations (with Diagrams) of 116 Joints and Hinges, and Details of
Construction of Workshop Appliance. ; Rough Furniture, Garden and Yard Erections, and
House-Building; Cabinet-making and Veneering ; Carving and Fret-cutting; Upholstery;
Painting, Graining and Marbling ; Staining Furniture, Woods, Floors and Fittings ; Gilding,
Dead and Bright, on various Grounds; Polishing Marble, Metal. and Wood ; Varnishing;
Mechanical Movements, illustrating contrivances for transmitting Motion ; Turning in Wood
and Metals; Masonry, embracir g Stonework, Brickwork, Terra-cotta, and Concrete; Roofing
with Thatch, Tiles, Slates, Felt, Zinc, &c. ; Glazing with and without Putty, and Lead Glazing ;
Plastering and Whitewashing ; Paper-hanging ; Gas-fitting ; Bell-hanging, Ordinary and
Electric Systems; Lighting; Warming; Ventilating ; Roads, Pavements and Bridges ; Hedges,
atches and Drams; Water Supply and Sanitation ; Hints on House Construction sited l to
New Countries,

HOUSEHOLD MANUAL.

SPONS' HOUSEHOLD MANUAL
A TREASURY OF DOMESTIC RECEIPTS AND GUIDE FOR HOME
MANAGEMENT.

Demy 8vo,- cloth, containing 975 pp. and 250 Illustrations. price 7/6; or half-bound,
French morocco, 9/-

Principal Contents:

Hints for selecting a good House ; Sanitation ; Water Supply; Ventilation and Warming ;

Lighting ; Furniture and Decoration ; Thieves and Fire ; She Larder ; Curing Foods for
lengthened Preservation ; The Dairy ; The Cellar ; The Pantry ; The Kitchen ; Receipts for
Dishes ; The Housewife's Room ; Housekeeping, Marketing ; The Dining-room ; The Drawing-
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arrests decay, and sweetens the breath. It

contains no mineral acids, no gritty matter or
injurious astringents, keeps the month, gums,

and teeth free from the unhealthy action of
germs in organic matter between the teeth,
and is the most wholesome tooth-powder for
smokers. It is most beautifully perfumed,
and is a perfect luxury for the toilet-table of
everybody. 2s. 9d. per box. ,

ROWLANDS' MACASSAR OIL
Is the best preserver and beautifier of the hair of children and adults ; prevents
it falling off or turning grey, eradicates scurf and dandruff, and is also the best
brilliantine for ladies' and everybody's use, and as a little goes a very long way
it really is most economical for general use ; is also sold in a golden colour for
fair-haired ladies and children ; it contains no lead or mineral ingredients, has
a most delightfully fragrant bouquet of roses, and is considered the most perfect
toilet luxury ever produced. Bottles, 3s. 6d., 7s., 10s. 6d.

ROWLANDS' KALYDOR
A most:cooling, soothing, healing, and refreshing preparation for the Skin and
Complexion of Ladies, and all exposed to the summer sun and dust, or the cold
and damp of winter ; it is warranted free from all mineral or metallic ingredients, or oxide of zinc, of which most Cosmetics are composed, and which ruin
the skin. It effectually disperses Chaps, Chilblains, Freckles, Tan, Sunburn,
Stings of Insects, Redness, Roughness of the Skin ; relieves Irritation of the
Skin, Prickly Heat, &c., renders the

SKIN SOFT AND SMOOTH,
and produces a beautiful, pure, and delicate complexion. Size 4s. 6d. and
8s. 6d.; half-sized bottles, 2s. 3d.

ROWLANDS' ESSENCE OF TYRE
effectually dyes red or grey hair a permanent brown or black. 4s.

ROWLANDS' EUKONIA.

room ; The Bed-room ; The Nursery ; The Sick-room ; The Bath-room ; The Laundry ; The
School-room; The Playground ; The Work-room; The Library ; The Garden ; The Farmyard ;
Small Motors ; Household Law.

A pure Toilet Powder in three tints, White Rose, and Cream, for ladies of a
Brunette complexion and those who do not like white powder. Boxes, Is.
large boxes, 2s. 6d.

London : E. & F. N. SPON, 125, Strand.
New York: SPON & CHAMBERLAIN, 12, Cortlandt Street.

GARDEN,LLONDON, and avoid spurious imitations.

Ask Chemists for ROWLANDS' ARTICLES, of 20, HATTON

Rio Diet of

all Ball Dogs
eckikvwd,

During the

and

ameosise

Season Ad=
ditional and
Special Sup=
plements and
A rticles on Photo-

graphy and Lan=
tern Work are

in Zbe 113a3aar. At all times
the best advice can be obtained free
from Eminent Experts on any diffi=
Zbe Va3aar
culty that may arise.
may be obtained at all Bookstalls
given

enpyrtqllt.,_
Pate

It&

SPRATTS PATENT
DOG CAKES.
Pamphlet on, CANINE DISEASES GRATIS.
SPRATTS PATENT LIMITED, BERMONDSEY

S.E.

and Newsagents.
London, W.C.

Office : 170, Strand,

J. THE015/1.0 & CO

ROBERT H. CLARK'S

The Leading London Manufacturers of

Optical Xiantern, Slibes
anb Apparatus
From the TOY LANTERN at 1/- to TRIPLES at £80.

OPTICAL LANTERNS

AND SLIDES.

LANTERN SLIDES from 6d. per doz. to 42/- each.
The original introducers of the celebrated COLOURED

Full-size Slides,
beautifully Coloured, in sets of 12, 4/3 per Set. Over
120 Varieties.
Scripture, Travel, Views, Nursery
LITHOGRAPHIC LANTERN SLIDES.

Tales, &c.

ROBERT H. CLARK'S NEW "SPECIAL" LANTERN,
With 4in. Compound Condenser Double Combination, Achromatic Front Lens,
with three (2in.) wick Lamp, 18/6, or with four (2in.) wick Lamp, 20/-

SPLENDID PHOTOGRAPHIC LANTERN SLIDES from --

6/. per doz.

ROBERT H. CLARK'S NEW RUSSIAN IRON LANTERN,

FULL-SIZE RUSSIAN-IRON LANTERNS With 3-wick

As supplied to the Church Army, "Silver Star" Society, &c. Price from 62/6.

Lamp, 4in. Compound Condensers, and double
Combination Portrait Front, with Rack Adjustment, from 28/-. Japanned ditto, from 22/-.

CHROMO-LITHO SLIDES (IN SETS OF TWELVE),

SPECIAL DIUNIAL LANTERN, with Solid BRASS

Splendidly Coloured. Price 4/- per set ; three sets for 11 9

Front and Best Lenses, £8 8s.

twelve sets for 45/. Special sets, 2/6 per set, or four sets for 96. six sets for 23/-

TRIPOD LANTERN STANDS, with Adjustable Legs
and Tilting Top, 21/-.
COMIC SLIPPING SLIDES, 8s. per doz.

;

FULL SIZE CHANGING COMIC SLIPPING SLIDES,

RACKWORK, 3/6 each.
DOUBLE LIGHTNING CARRIER FRAMES 1/3.

6,6 per doz. Lever-action Slides from 2,. Rackwork, including
Chromotropes, 26
each. Best quality, double motion, interchangeable Chroraotropes,
4/3. Extra
designs, 6d. per pair.
OFT. BAMBOO SCREEN STANDS, 21/..

OXYGEN GAS, from 2d. per foot.
BEST LIMES, 2/- per doz.
BEST JETS, from 6/6.
STAR DISSOLVER, 10/6.
OFT. SCREENS, 10/6.

Everything connected with the Lan-

ternLENSES, LAMPS, and any
partsupplied separately.
LANTERNS TESTED AND REPAIRED.
EXPERIENCED OPERATORS SENT OUT.

A SPLENDID COLLECTION OF PHOTOGRAPHIC
SLIDES,

Plain, 6d. ; Hand-painted, 1/- This series includes Bible pictures, sets for Advent
and Christmastide, Lent and Passiontide, Temperance Stories, Scenery, Statuary,
Portraits, tfec. Church Service slides, the most complete series in
the
country, including the Psalms, pointed for chanting. These have been reproduced
from the Cathedral Psalter, by special permission of Messrs. Novelle, Ewer, & Co.
Hymns (any well-known hymn), price, plain, 6d.; tinted, 9d. and 1/.. Church
Service and Hymn Slides in Welsh. The new large type hymns, having one, two,
or three verses on each slide.

THE NEW "LIGHTNING" DOUBLE CARRIER FRAME,

LANTERN SLIDES and all APPARATUS ON HIRE.

Best quality, 13; second quality, 1/- Lecturers' Reading Lamps, with flash
shutter showing red light signal, price 2/6.

Persons having Apparatus and Slides they wish to
dispose of, should send them to our Weekly Auction Sales, held every Tuesday. Particulars on
application.
Illustrated Catalogue of Lanterns and Slides Free.

NEW AND ENLARGED CATALOGUE GRATIS AND POST FREE.

PHOTOGRAPHIC AND OPTICAL GOODS OF EVERY
DESCRIPTION.
WHOLESALE AND EXPORT.
TRADE TERMS ON RECEIPT OF CARD.

J. THEOBALD & CO.,

ROBERT H. CbARK,
Telephone
6767.

19, Farringdon Road, LONDON, E.C.

ltnboluale Optician,

ROYSTON, HERTS.
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PIAMPI-IENGOS.
The Most Powerful Oil Light in the Market

4

Over 3,000 Sold. (HUGHES' PAT_E_

TESTED, TRIED, PROVED !
Further Improve,
4

Greater Volume of

4

Cannot be Sure

It has Chalk, _

Comparison for ov,

14 Years.

1
4

IT IS PERFECTION

4

d

.

---

SIMPLE To WORK.

4

4

-

Reliable & Safe

4
4

4
4
4

NO SMELL!
NO SMOKE!
NO BROKEN GLASSES!

4

I
e
.4

4
4
4
4
4

4

4
4

4
4
4
4

4
4

4

PRICES OF LAMP: £2 2s., £1 10s., £1 1s.
WHY IS THE PAMPHENGOS SUPERIOR TO ALL

OTHERS? Because
it is caremlly and smentifically constructed, and not made commercially and
under a variety of sem de planes. Because it is a pure white light. Becausesold
the
eoniodal glasses resist heat and are proof against fracture. Because it has no dampers
or ohimney lengtheners, or other extraneous gear which axe evils te be eschewed.
Because lanternmts, by experience, are finding its trile value. Because it gives a
good 12 by 14 feet disc unparalled, therefore will largely
thus save thesisk and danger of gas explosions..-

take the place of limelight and

.

To not. have any other lantern or lamp thtirii the MARVELLOUS PAM.
H EN0014, a really superb, substantial and effee

e instrument. WaSte not you,
nmimy on irlerior inutitts.
HUNDREIGS
T6BrIXONIALS.
Supplied to Colleges, Institutions, Clerg,
and
the Gentry.OF
Particulars
free. PitiesComplete

beautifull;,
constructed, holid brass fronts, with high class lenses, PAMPRENGOS,
46 6s., £4 4s., and
42 lOs

BEFoRETURCHA SING be sure to get Mr. HUGHES' MAGNIFICENTLY
ILLIPSTEATED CATALOGUE of great Inventions in the art of OPTICAL PROJECTION a volume to be prized, over 160 Original Illustrationsnot commercial.
showing the Docwra Triple, the Miniature Malden Triple, the Grand Triple, and Bi

unials, Gra d Effects, Novelties, &c., and other makes of Lantern, Price 6d., postage td
HUGHE UNIVERSAL 4-wick Lantern, Zliess. 6d.; 3-wick ditto, I9s. 6d._;
Wonderful Value. Handsome Mahogany, Bras, i-unials, zoioe.;
Blow-Through
Jets, Ss. 6d. each; 60,000 Slides, 300 Lecture Sets, Plain, 6d. and 1:-; Coloured,
1/and E6 each.

W. C. HUGHES Specialist,

(Over 25 Years Reputation for Highest Class Work, as supplied Madame Patti,
B. J. Maid n, Esq., Capt. Chas. Reade, R.N., Royal Polytechnic,toand
the leading
Institutions in the World),

BREWSTER MOOSE, 82, Mortimer Rd., KINGSLAND, LONDON, N.

