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DESCRIPTION of the PLATES.

PLATE I. p. 8.

FI G. I . Shows the manner in which the rays

of light converge and diverge.

Fig. 1. Different objects feen under the fame

optic angle.

Fig. 3. The refraction of a ray of light, AB,

in pafTing through different mediums.

Fig. 4. The different forts of lenfes.

PLATE II. p. 12.

Fig. I. The difpofition of the lenfes of a

common telefcope. AB the obje(5t-glafs, CD
the eye-glafs -, OI the object, which appears

inverted at K, and magnified.

Fig. 2. The conftrucftion of a terreftrial te-

lefcope, in which the lenfes CD and EF are ad-

ded to thofe in the laft figure, and by which the

object is made to appear in its natural pofition.

Fig, 3. Shows the ftru6ture of a reflecting t^-

lefcope.GH is a large concave metallirte mirror,

A 3
per-



ii DESCRIPTION OF

perforated at r, by which the Image of an o.bje^t

entering at the end of the tube DE is refledted

to the fmall mirror I, placed on a (land, and by

that to the glafTes B and A, which convey it to

the eye in an ere6k pofition.

Fig. 4. The cenftrudtion of a double micro-

fcope. AB the object glafs, and CD the eye

glafs : gmh the objed, and GH the image,

which appears inverted and greatly magnified,

PLATE III. p. 36.

Fig. I. Is a vefTel with water, by the refrac-

tion of the light, through which three pieces

of money E,F,G, are feen at the point where

they were invifible before the water was poured

into the velTel.

Fig. 2. Three fmall pieces of paper, A,B,C,

being ftuck againft the wall, the image of one

of them will at a little diftance fall on the

optic nerve at D, and therefore be invifible.

Fig. 3. The portable camera obfcura. E is a

plate of glafs, placed in the frame ABCD, to

which the image of the objeds that enter the

tube O, are refleded by the mirror N. The

four legs and the pieces that compofe the cafe

H, have hingesj by which they fold up.

Fig. 4. The magic lantern. ABCD is a tin

box, in one end of which is a concave mirror

Gs at
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Gi at the oppofite end is a convex lens L, and

before it a tin tube O, that has an opening MN,
through which are pafTed the glafTes that have

the objefts painted on them. In the tube O is

placed another that is moveable, and that con-

tains two lenfts P and Q^ by which the objedts

on the glafles are thrown on the wall : K is a

lamp, and E, F the funnel by which the fmoke

comes out, and its cover that keeps in the

light,

PLATE IV. p. 50.

Fig. I, and 2. Are two plates of glafs, to

pafs through the groove in the magic lantern at

the fame time, and by which the appearance of

a tempcft is to be exhibited.

Fig. 3. is a box that contains a chafing diih,

on the fmoke of which, that comes out at the

top of the box AB, the figures of a magic lan^

tern are thrown.

Fig. 4. A machine for reprefenting a phan-^

tom ; within it is placed a magic Jantern, the

images of which being refleded by the mirror

M, pafs out at an opening in the top of the

box, and are thrown on the fmoke of a chafing

difli placed upon it, where they are vifible.

Fig. 5. A large magic lantern for exhibiting

a magical theatre. In the tube H are feveral

grooves in different dire6tions, by which dif*

ferent glades are palled at the fame time.

A 4 PLATE
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PLATE V. p. 66.

Fig. I. Reprefentation of an objefl refle6led

by a plain mirror. AC the objeft, GI the

mirror, DF the image.

Fig. 2. G I is a convex mirror, A C the obje6t,

and D F the image.

Fig. 3. G I a concave mirror, AC the objedl,

D F the image, that appears behind the mirror,

crc6l and magnified.

Fig. 4. G I a concave mirror, A C an obje£b at

a greater diftance than in the iaft figure ; D F the

image before the mirror,invertedand diminifhed.

PLATE VI. p. 70.

Fig. I. The Box for the boundlefs gallery:

EFtwo pafleboards cut through, and painted on

both fides; D a pafteboard painted on one fjde

only, and placed before a mirror at the end of the

box: C is the hole by which the objeds are viewed.

Fig. 2, and 3. The painted pafleboards to

place in the box. Fig. i.

Fig. 4. The box for the four magical mirrors.

ABCD the body of the box, againft whofe four

infides the mirrors are placed. BNLl a frame of

glafsconfifting of four inclined plates, and one at

top that is horizontal : by the latter the images

placed on the bottom of the box are feen refledl-

ed by the mirrors.

Fio".



THE P L A T E S. V

Fig. 5. A plan for difpofing the obje6ls in the

box. Fig. 4.

PLATE VII. p. 80.

Fig. I. Theenchantedpalace. Againftthe fix

pillars mirrors are fixed, that meet in the cen-

ter, and between each triangular divifion objefls

are placed, that are refledted by the mirrors.

ABCDEF is the plan of the bafe of the palace.

Fig. 2. Is a fquave on which a regular figure

is drawn, that when transferred to the cor-

refpondingdivifions of Fig. 3, appears deformed,

but when feen in a mirror placed at FG, from

a point over B, appears exadly the fame as oa

Fig. 2.

Fig. 4. The magical dial. In the drawer H is

placed the dial Fig. 5, whofe index is a touched

needle that is moved by a magnetic bar under

the dial- plate. At I another dial, Fig. 6, ii,

placed, whofe index is likewife a touched needle,

and is regulated by that on Fig. 5. At M, is an

inclined mirror, that, reflefting the dial placed

at I, makes it vifible at an opening in that cen-

ser of the dial at the top of Fig. 4.

PLATE VIII. p. 92.

Fig. I. The box of divination ABCD, in

which are placed the tablets F,F,G,II, that each

contains a magnet placed in a difl^erent pofition.

Fig.
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Fig. 2. The table, under which is a brafs rod

that has four pivots, to which are fixed the four

pafteboard circles PjQ,R,S, Fig. 3. MN is an

inclined mirror placed in a drawer under the table.

Fig. 4. Is the top of a box, that has three holes,

and over them are placed three perfpedives like

Fig. 6. Each of thefe perfpedlives is fixed on a

hollow pedeflal, and contains a mirror E, by

which the objedls on the circle Fig. 7, that is

put at the bottom of the box, are feen at D.

There is a magnetic bar concealed in the table,

on which the box is placed, that moves the cir-

cle Fig. 7, by the needle in the middle of it.

Fig. 5. Is a column placed on the middle of

the box, and in which the fpe<51:ators feem to

fee the objefts (hown by the perfpeftives.

PLATE IX. p. 112.

Fig. 2. The box for the animated optic balls.

IM the inclined plane, down which the ball O
runs, and through the groove P, to the hole at

the end of the box. KF is the mirror that re-

fledls the inclined plane and the paintings in the

box to the glafs at E, and which is reprefented

by Fig. I. T the inclined plane for a double

reflection. Fig. 4, 5, and 6, the machinery that

raifes the ball to the top of the inclined plane.

Fig. 3. The painting on the inclined plane.

PLATE
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PLATE X. p. ii8.

Fig. I. The penetrating perfpeflive. F and G
are two moveable tubes. O, P, Q,R, are four

inclined mirrors, that reflect the obje(5ts, en-

tering the tube G, to the eye at F,

Fig. 2. The enchanted mirrors. AD and CB
the two mirrors placed crofs the box in a dia-

gonal. H and L, two of the glaflTes by which

the fpcflators fee each other.

Fig. 4. The machine for feeing an irregular

figure in a multiplying glafs (Fig. 3.) AB the

fland with the glafs fixed to it; H the hole

through which the image is feen. Fig. 5, the

ruler for drawing the refledlion on the board

DEFG. Fig. 6, 7, and 8, projedlions of the glafs.

PLATE XL p. 126.

Fig. I. The cylindric mirror for viewing an

irregular figure drawn on the board FG, from

the point of view E, where it appears regular.

Fig. 2. The method of dividing the diameter

of a circle into a number of parts, which are to

be transferred to the cylinder, and rcfleded on

the board, for tracing the irregular figure.

Fig. 3. The plan for drawing the regular figure.

Fig. 4, 5, and 6. The appearances of a bottle

of water before a concave mirror.

2 PLATE
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PLATE XII. p; 134.

Fig. I. The perfpeslive mirror. H the con-

cave mirror, IL the blacked pafteboard for re-

gulating the view, G the aperture for viewing

the obje6ls placed beneath it, in the mirror.

Fig. 2, A and B two concave mirrors for

firing combuflible bodies at a diflance. C and

D their foci, in which the bodies are placed.

Fig. 3. The machinery for the real apparition.

C an inverted obje6t placed under the hole in

the partition AB, and which, by the refledtion

of the concave mirror, appears ereft at D, on

the outfide of the partition-

PLATE XIII. p. 160.

Fig. I. The ray of light LI, pafling through

the window fhutter AB, is refra6ted by the

prifm DEF, into the fpedrum PQj that exhi-

bits all the feven primary colours.

Fig. 2, and 3. The glafies and painted papers

for reprefenting the feveral colours and their

gradations.

Fig. 4. The magical prifm, ABC a large

prifm, by which a ray of light is refrafted, and

falls on the fmall prifm DEF, that, as it revolves

on its axis, appears of different colours.

Fig. 5. The prifmatic camera obfcura. F/
two rays of light that being refracted by the

prifms
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prifms A, B, C, and a, b, Cy form the fpeflrum

M N, which appears to be painted with all the

original colours.

PLATE XIV. p. 166.

Fig. I. A ray of light largely refrafled into

the fpedtrum FT, the divifions of whofe colours

correfpond to the divifions of a chord for the

notes of the offtave.

Fig. 2, and 3. The machine for exhibiting

colorific mufic. The (haded parts in Fig. 2, re-

prefent the colours. F is the fcrew on which it

turns, G a wheel that is moved by the endlefs

fcrew H. *
.

Fig. 3. Is the cafe that contains the cylinder.

The eight fhaded parts in the middle are the

holes through which the colours on the cylin-

der are feen ; O the handle that turns the end-

lefs fcrew.

PLATE XV. p. 174.

Fig. T, 2, and 3. The plans for drawing an

irregular figure that will appear regular when

feen through a hole in the ftand Fig. 4, placed

in the proper pofition,

PLATE XVL p. 180.

Fig. I, 2, and 3. The plans for drawing an

irregular figure, which when feen from two op-

pofite
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pofitc points of view, prefents two regular

figures.

Fig. 4. A pafteboard in which lines are cut,

and over them the paper Fig. 5, that contains

the drawing that is to be pafted.

PLATE XVII. p. 190.

Fig. I, and 2. The apparatus for drawing an

irregular figure on the bafe of a cone, that ap-

pears regular from the point H; FEG the cone;

MN the pofition of a glafs on which the regular

figure is drawn, and that is projected on the cone

by the lamp Fig. 2, when placed in the room

of the Hand H I.

Fig. 3. The machine for drawing any objeiEl

corrcdly. EAC the tube for viewing the objefl;

BFDG the frame, fhown more clearly in Fig. 4,

by which the parts of the objed are transferred

to fimilar divifions on a paper.

Fig. 5. The box for illuminated profpefls.

EFGH the back of the box in which the prints

are placed, and behind them lamps or candles.

PLATE XVIII. p. 222.

Fig. I. Shows the alternate vibrations of a

chord.

Fig. 2. A chord fo divided as to found the

fcven concords.
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Fig. 3. The apparatus for the ventrofal fym-

phony. AB the vane that gives motion to the

machine} C,D,G,H, I,M, wheels and pinions

that ferve to move the barrel NO, in which

are a number of (lops, that flrike a fee of

bells.

Fig. 4. The whifpering gallery. A the point

from whence the found proceeds, and is rever-

berated by the points DEFG, to C, where it

"is plainly heard.

Fig. 5. The converfive ftatue. AB and GH
are two concave mirrors ^ C and I their fo-

cuflesi EF a partition that has a hole, through

which a found ifluing at I, is diftindtly heard

atC.

PLATE XIX. p. 240.

Fig. I. Shows the mechanifm of the great

organ. O, O, are the handles that pufh down
the bellows, TT: /, /, are the handles that

turn the rollers R, R, that by means of the arms

f,/, pull out the fiiders bj g^ and give liberty

to the pipes placed over any row of the holes

to found
J

C, D,E, &c. are the keys, which

being put down open the valves V, that admit

the air to the pipes : XKK is the wind-cheft,

that
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that receives the air by the port vent 4.

X is a flute pipe of wood; Y a trumpet-

pipe of metal j Z a flute pipe of metal.

Fig. 2. Shows the conftru6tion of a valve,

with the wire that opens it and the fpring that

fliuts it.

Fig. 3. The infide of a flute pipe. AB the

foot, BD the body J EF the partition i EC
the mouth.

Fig. 4. A reed pipe ; A B the foot : CD
the Ihallot or reed; KL a plate of copper

fitted into the mold at I, but being lofe at

its extremity K, the air makes it (hake againft

the reed.

RATIONAL



RATIONAL RECREATIONS.

OPTICS.
^T^HE fcietice of optics explains the

nature of vilion, by invefligating

the caufes of the various phenomena that

arife from the refradion and refle£lion of

light. It is divided into Dioptrics, Ca-

toptrics, and Chromatics*. The firft

treats of refraction ; the fecond, of re*-

fledlion ; and the laft, of colours.

GENERAL DEFINITIONS.

I. When the rays of light that iflue

from any body, continually recede from

* Thefe terms are derived from the Greek : the

firfl: from the word diopfra, a perfpeftive glafs ; the

fecond from katop/ron, a mirror ; and the laft from
chromatay colours.

Vol. II. B each
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each other, as the rays AB and AC
(Plate I. Fig. i.) they are faid to di-

verge.

2. When rays in their progrefs draw

continually nearer to each other, as the

rays BF and CF, (Plate 1. Fig. i.) they

are faid to converge.

3. That point in which converging rays

all meet, is called their focus ; as the

point F, in the fame figure.

4. An optic angle is the fpace contained

between two lines drawn from the extre-

mities of any object to the eye. Thus

AEB or CED (Plate I. Fig. 2.) are the

optic angles under which the obje£ls AB
and CD appear to the eye at E.

GENERAL
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GENERAL APHORISMS.

1. The motion of light is not inflanta-

neous but progreffive *.

2. All rays of light naturally proceed in

right lines.

3. No object can be feen diftindly at a

lefs diftance than about eight inches.

4. To produce difl:in(3: vifion, the rays

of light muft be parallel when they enter

the eye, and the obje£t well illumined.

5. Rays of light that come from a far

diftant obje<Sl, are to be confidered as pa-

rallel.

6. Wherever the rays that come from

all the points of an objed, meet again in

* It appears, by aftronomical obfervations, that

the rays of light are 8 minutes and 13 fcconds in

coming from the fun to the earth, which is diftant

about 82 millions of miles ; their progrefs, there-

fore, is at the rate of about ten millions of miles

in a minute
;

yet great as that velocity is, the dif-

tance of the nearefl of the fixed ftars being four

hundred thoufand times greater than that of the

fun, the light muft be more than fix years in com-
ing from them to us.

B 2 fa
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fo many points, after they have been

made to converge by refradion or reflec-

tion, they will there form an image of

that object on any white body.

7. Every obje6l feen by refraction or

refle6lion, appears to be in that point

from whence its rays are laft refraded or

refleded to the eye.

S. The apparent magnitude of any ob-

ject is determined by the magnitude of

its optic angle: therefore the obje£ls AB
and C D, (Plate I. Fig. 2.) which are feen

under the fame angle, will appear of equal

mao-nltude.

Thefe, and every other aphorifm in this

part, are confirmed by all optical writers

;

and may be demonftrated geometrically

:

but as we fuppofe our readers to have no

other previous knowledge than that of

common arithmetic, it would be fuper-

fluous to infert fuch demonflrationS here.

DIOP-
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DIOPTRICS.
jIOPTRICS, as we have faid, ex-

plain the feveral appearances that

arife from the refradlion of light.

D

DEFINITIONS
1. When a ray of light paffing out of

one medium into another of a different

denfity, is turned from that ftrait line

in which it wolild otherwife proceed, into

one of a different dire<5lion, it is faid to

be refraded. Thus the ray AB, (Plate I.

Fig. 3.) t>y paffing oijt of air into the glafs

GH, is turned from its natural courfe

into that of C D.

2. Any fpherical traniparent glafs that

converges or diverges the rays of light as

they pafs through it, is called a lens,

3. Of lenfes there are five forts: i. A
plane or fingle convex lens, which is plane

on one fide, and convex on t'le other,

as A (Plate I. Fig. 4,) 2. A double con-

vex lens, as B. 3. A plano-concave lens,

B 3 that
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that is plane on one fide and concave on

the other, as C. 4. A double concave, as

D. And, 5. A meniicus, which is convex

on one fide and concave on the other, as E.

4. The point C, round which the fphe-

rical furface of a lens, as AZ (Plate I.

Fjo-. 4.) is defcribed, is called its center :

the line X Y, drawn from that center per-

pendicular to its two furfaces, is the axis

;

and the point V, to which the axis is

drawn, is the vertex of that lens.

5. When the rays of light that pafs

through a fingle or double convex lens are

brought into their fmalleft compafs, that

point is the focus of the lens.

6. In optical inflruments that lens which

is next the objeft is called the obje£l-glafs

;

and that next the eye, the eye-^lafs.

7. The diftauce between the line AB
(Plate I. Fig. 3.) and the perpendicular

E B, is called the angle of incidence ; and

the diftance between the line C D and the

perpendicular BF, is called the angle of

refradlion.

APHO^
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APHORISMS.
I. A ray of light paffing obliquely out

of one medium iiito another that is denfer,

will be refracted toward the perpendi-

cular, as the ray A B (Plate I. Fig. 3.) by

paffing out of air into glafs is refra£led

into C D, toward the perpendicular B F.

On the contrary, a ray paffing out of a

denfer into a rarer medium, will be re-

fraded from the perpendicular ; as the

ray C D, paffiuig out of glafs into air, is

refraded into D I.

2. The angles of incidence, and refrac-

tion, when the lines that contain them

are all equal, will have a determinate pro-

portion to each other, in the fame me-

diums : which between air and water will

be as 4 to 3 ; between air and glafs, as

3 to 2, nearly ; and in other mediums in

proportion to their denfities.

3. When an obje£l is viewed through a

glafs whole two iurfaces are parallel, it

will appear of its natural dimenfions, its

fituation only being a fmall matter altered

B 4 ill
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in proportion to the thicknefs of the glaii,

and the obUquity of the rays.

4. All the rays of light, whether di-

verging, parallel, or converging, that fall

on a fingle or double convex lens, \^'ill

meet in a focus behind the glafs ; and the

diflance of that focus will be greatefi in

diverging, and leafl: in converging rays.

5. \^''hen parallel or converging rays,

fall on a iingle or double concave lens,

they will diverge behind it. If they be

diverging at their incidence, they will be-

come more fo by palTing through it.

6. When an objecl is viewed through

tv/o convex lenfes, its apparent length,

oj- diameter, will be to its real length, as

the diftance of the focus of the objed-

glafs, is to that of the eye-glafs.

By thefe, and the foregoing aphorifms,

we are enabled to account for the various

effecls of dioptric machines, as refracting

telefcopes, miciofcopes, the camera ob-

fcura, &c. For example, fuppofe AB
the objed glafs, and C D the eye-glafs of

a te-



Plate. I
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a telefcope, (Plate II. Fig. i.) and let them

be fo placed that the focus of each may

coincide in the point E. Siippofe O I to be

a far diftant object, whofe rays are there-

fore to be conlidered as parallel when they

come totheglafs, (aphorifm 5. page 3.) the

two rays O A, and I B, proceeding from

the extremities of the objeft, and paffing

through the glafs A B, will meet and in-

terfe6l each other in its focus E, and pafs

on to the eye-glafs C D. But E being alfo the

focus of that glafs, thofe rays, by palling

it, will again ' become parallel, and there-

fore by (aphorifm 4. p. 3.) produce dip

tincSt vifion in the eye, placed at H.

Now fuppofe the diftance between AB
and E, that is the focal length of the ob-

jeft-glafs, to be ten feet, or 120 inches,

and the diftance between E and CD,
which is the focal length of the eye-glafs,

to be three inches, then by aphorilin 6.

p. 8. the apparent length or diameter of the

objed will be to its real length as ^20 to 3,

or
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or as 40 to I , that is, its length will be

magnified 40 times, and confequently its

furface, if it be a fquare, 1 600 times.

It is evident, from the confl:ni6lion of

this telefcope, that the obje£l muft appear

to the eye inverted, but as it is principally

intended for viewing celeftial objedls,

that circumftance is not much regarded.

But when it is applied to terreftrial views,

two other glafles are added. One of which,

as EF, (Plate II. Fig. 2.) is placed at

twice its focal diftance from C D, and the

other, GH, at the fame diflance from

that. Now the rays being made to inter-

fe£t each other again, as is evident from

the figure, the objeft will then appear in

its natural pofition.

Terreftrial telefcopes are fometimes

made with one objedt-glafs, and one con-

cave eye-glafs ; but as only a fmall part

of an obje6l can be feen by thefe at one

view, they are of little ufe, except in

near or large obje(5ls.

In
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111 like manner fuppofe ABCDEF
(Plate II. Fig. 3.) to be the tube ofa refled-

iiig telefcope, the end DE ofwhich is open

:

let GH be a large concave metalline mir-

ror, perforated at r. I, a fmaller mirror,

placed on the ftand K. Thefe mirrors are

to be fo difpofed that the focus of each

may fall on the point f. Now the image

of an objc£l, as«^, entering the tube at

DE, will fall upon the mirror GH in

the points c d^ and being reflected from

thence to the focus f^ the rays will there

interfe£t each other, and invert the image

TCigh. This image being alfo in the fo-

cus of the mirror I, after falling on it in

the points kl^ will be refle£led back in

parallel rays, which paffing through the

hole r in the great mirror, and falling on

the convex lens at B, will again crofs each

other in the focus of that glafs at j, which

being alfo the focus of the lens at A, it

will from thence be viewed by the eye at

L. The principal excellence of reflecting

telefcopes arifes from the brightnefs of

the
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the reflexion, by which objedls appear fo

diflind that an eye-glafs of a much fnialler

focus can be ufed in them than in others.

The magnifying power in this, as in other

telefcopes, is as the focal diftance of the

obje£l-glafs or mirror, to the focal dif-

tance of the eye-glafs. But the latter

being fo much fmaller in this telefcope,

the magnifying power will be fo much

greater. TJierefore, if the focal diftance

of the eye-glafs be one inch, and that of

the obje£t mirror 40 inches, the diameter

of the obje6l will be magnified 40 times,

and its lurface 1600 times. A refledling

telefcope of 4 feet will magnify more than

a refractor of 50 feet.

Suppofe, again, AB (Plate II. Fig. 4.)

to be the objedl-glafs, and CD the eye-

glafs of a double microfcope. The ob-

jeft-glafs mufh here be quite fmall and

very convex, and confequently its focal

diftance
/fi

very fhort. The diftance of

the fmall objed^«/6, muft be very little

rnore
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more than that of //i in order that its

image G H, may be formed at a confider-

able diftance, and confequently h& much

enlarged. Now this image will appear

diftin6l and confiderably magnified, and

that on two accounts : firfl in proportion

as the diflance K/ is greater than /m^

and fecondly, on account of the nearnels

of the eye to the image ; for by aphorifni

3. page 3. no object can be feen diftindt-

ly by the naked eye, at a lefs diflance

than eight inches ; therefore if by means

of the eye-glafs CD, the objed: is made

to appear difl:in£t at the diflance of one

inch, it will feem eight times as large.

Suppofing, therefore, the focal diflance

of the eye-glals C D, to be one inch, and

the diftance K / to be to /m as ten to r,

then, on both theie accounts, the length

of the objed will appear 8 times 10, or

80 times, and its furface 6400 times, lar-^

ger than when feea by the naked eye.

RECRE-
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RECREATION I.

Optical illujions,

/^Nthe bottom of the velTelABCD,

(Plate III. Fig. i.) place three pieces

of money, as a fhilling, a half-crown, and

crown ; the firft at E, the fecond at F,

and the laft at G. Then place a perfon

at H, where he can fee no farther into

the veflel than I : and tell him that by

pouring water into the veflel you will

make him fee three different pieces of

money ; bidding him obferve carefully

whether any money goes in with the

water *.

When the water comes up to K, the

piece at E will become vifible ; when it

comes up to L, the pieces at E and F
will appear ; and when it rifes to M, all

the three pieces will be vifible.

* You mufl either pour it in very gently, or con-

trive to fix the pieces, that they may not move out

of their phces by the motion of the vv'ater.

From
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From what has been faid of the refrac-

tion of light, the caufe of this phenome-

non will be evident : for while the vefTel

is empty, the ray H I will naturally pro-

ceed in a flraight line : but in proportion

as it becomes immerfed in water, it will be

neceflarily refra£led into the feveral direc-

tions NE, OF, PG, and confequently the

feveral pieces muft become vifible.

RECREATION 11.

Optical augmentation.

'AKE a large drinking glafs of a coni*

cal figure, that is, fmall at bottom

and wide at top ; in which put a ihilling,

and fill the glafs about half full with wa-

ter : then place a plate on the top of it,

and turn it quickly over, that the water

may not get out. You will then fee on

the plate, a piece of the fize of a half

crown ; and fomewhat higher up, another

piece of the fize of a (hilling.

A This
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This phenomenon ariles from feeing

the piece through the conical furface of

the water at the lide of the glafs, and

through the flat furface at the top of the

water, at the fame time : for the conical

furface dilates the rays and makes the

piece appear larger ; but by the flat fur-

face the rays are only refradled, by which

the piece is feen higher up in the glafs,

but fhill of its natural fize. That this is

the caufe will be farther evident by filling

the glafs with water, for as the fhilling

cannot be then feen from the top, the

large piece only will be vifible.

After you have amufed yourfelf with

this remarkable phenomenon, you may

give the glafs to a fervant, telHng him to

throw out the water, and take care of the

two pieces of money ; and if he have no

fufpicion of the deception, he will be not

a little furprifed to find one piece only.

RECRE-
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RECREATION IIL

Opticalfubtra&ion.

A GAINST the wainlcot of a room

fix three fmall pieces of paper, as

A, B, C, (PL III. Fig. 2.) at the height

of your eye * and placing yourfelf di-

re6lly before them, at a few yards dif-

tance, fliut yOur right eye and look at:

them with the left ; when you will fee

only two of thofe papers, fuppofe A and

B ; but altering the pofition of your eye

you will then fee the third and one of

the firft, fuppofe A ; and by altering your

pofition a fecond time, you will fee B and

C ; but never all three of them toge-

ther.

The caufe of this phenomenon is, tliat

one of the three pencils of rays that come

from thefe objecls, falls on the optic nerve

at D ; whereas to produce diftind vifion

it is necellary that the rays of light fall on

fome part of the retina E, F, G, H. We
Vol. II, C fee
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fee by this experiment, one of the ufes

of having two eyes ; for he that has one

only, can never fee three objedls placed

in this pofition, nor all the parts of one

objed: of the fame extent, \^'ithout altering

the {ituation of his eye.

RECREATION XI.

Alternate illi.fion.

X7[7lTH a convex lens of about aD

inch focus, look attentively at a

fiver feal, on which a cypher is engraved.

It will at firfl: appear cut in, as to the-

naked e}e ; but if you continue to obferve

it fome time, without changing }our fitu-

ation, it will feem to be in relief, and the

lights and {hades will appear the fame as-

they did before. If vou regard it with

the fame attention ftill longer, it \^'ill

again appear to be engraved : and fo gw

alternately.

If you look off the feal ft)r a few mo-

ments, when you view it again, in-

ftead
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{lead of feeing it, as at iirft, engraved, it

will appear in relief.

If, while you are turned toward the

light, you fuddenly incline the feal, while

you continue to regard it, thofe parts

that feemed to be engraved will imme-

diately appear in relief: and if, when

you are regarding thefe feeming promi-

nent parts, you turn yourfelf fo that the

light may fall on the right hand, you v/ill

{he the fhadows on the fame fide from

whence the light comes, which will ap-

pear not a little extraordinary. In like

manner the fhadows will appear on the

left, if the hght fall on that fide. If in-

ftead of a feal you look at a piece of

money, thefe alterations will not be vifible,

in whatever fituation you place yourfelf*.

* It has been fufpe6led that this illufion arifes from

the fituation of the light ; and in faft I have obferved

(fays M. Guyot, from whom this article is taken)

that when I have viewed it with a candle on the right,

it has appeared engraved, but by changing the

light
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RECREATION V,

^he camera obfcura, or dark chanihcr.

TTTE fliall here give a fhort defcription

of this optical invention ; for though

it is very common, it is alfo very pleafing,

and though ahnoft every one has feen it,

every one knows not how to conftru^l it»

light to the left fide, it has immediately appear-

ed in relief. It ftill, hov/ever, remains to be ex-

plained, why we fee it alternately hollow and pro-

minent, without changing either the fituation or

the light. Perhaps it is in the fight itfelf that we

muft look for the caufe of this phenomenon ; and

this feems the more probable, as all thele appearances

are not difcernible by all perfons.

A phenomenon like this will appear to a fuper-

iicial obferver a very trifling matter: but the philo-

fopher, who is defirous of explaining ail the appear-

ances of nature, will find it attended with no trifling

difficulties. It is, moreover, by inveftigating the?

caufes of phenomena feemingly infignificant, that

the mofl important difcoveries are fometimes made.

Make
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Make a circular hole in the fhutter of a

window, from whence there is a profped

of the fields, or any other objed not too

near ; and in this hole place a convex glafs,

either double or fingle, whofe focus is at

the diftance of five or fix feet *. Take

care that no light enter the room but by

this glafs : at a diftance from it, equal to

that of its focus, place a pafteboard, co-

vered with the whiteft paper f ; let it be

two feet and a half long, and eighteen or

twenty inches high : bend the length of it

inwards, to the form of part of a circle,

whofe diameter is equal to double the fo-

cal diftance of the glafs. Then fix it on a

* The diflance fiiould not be lefs than three feet

;

for if it be, the images wjll be too fmall, and there

will not be fufficient room for the fpeilators to ftand

conveniently. On the other hand the focus fliould

never be more than 15 or 20 feet, for then the

images will be obfcure, and the colouring faint. The

hell diftance is from 6 to twelve feet.

+ This paper fliould have a black border, to pre*

yent any of the fide rays from diflurbing the piilure.

C 3 frame
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frame of the fame figure, and put it on

a moveable foot, that it may be eafily

fixed at that exad diftance from the glafs

where the objects paint themfelves to the

greateft perfection. When it is thus

placed, all the objeds that are in the

front of the window wiU be painted on

the paper, in an inverted pofition *, with

the greateft regularity and in the mofl na-

tural colours.

If you place a moveable mirror without

the window, by turning it more or lefsg

* This inverted pofition of the images may be

deemed an imperfeftion, but it is eafily remedied :

for if you ftand above the board on w^hich they are

received, and look down on it, they will appear in

their natural pofition : or if you ftand before it, and

placing a common mirror againft ,your bread in an

oblique diredlion;, look dow^n in it, you w^ill there fee

the images ere6t, and they v\ ill receive an additional

luftre from the refledion of the glafs ; or place tw^o

lenfes, in a tube that draws out ; or lafily, if you

place a large concave mirror at a proper diftance be-

fore the pitTrure, it will appear before the mirror, in

the air, and in an ered poriiion,

you
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you will have on the paper all the objects

that are on each fide of the window *.

If inftead of placing the mirror with-

out the window you place it in the room,

and above the hole (which mufi: then be

made near the top' of the fhutter), you

may receive the reprefentation on a paper

placed horizontally on a table ; and draw

at your leifure, all the objects that are

there painted.

Nothing can be more plealing than this

Recreation, efpecially vvhen the objedls

are ftrongly enlightened by the fun : and

* There is another method of making the dark

chamber, which is by a fcioptric ball, that is, a ball

of wood, through which a hole is made, in which

hole a lens is fixed : this ball is placed in a wooden

frame, in which it turns freely round. The frame is

fixed to the hole in the Ihutter, and the ball, by

turning about, anfwers, in great part, the ufe of the

mirror on the outfide of the window. If the hole in

the window be no bigger than a pea, the obj,;£ls will

be reprcfented without any lens.

C 4 not
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not only land profpecls, but a fea-port,

when the water is Ibmewhat agitated, or

at the fetting of the fun, prefents a very

delightful appearance.

This reprefentation affords the rnofl:

perfect model for painters, as well for the

tone of colours, as that gradation of

fhades, occafioned by the interpofition of

the air, which has been fo juftly exprefled

by fome modern painters.

It is neceffary that the paper have a cir-

cular form, for otherwife, when the cen-

ter of it was in the focus of the glafs, the

two fides would be beyond it, and confe-

quently the images would be confufed.

If the frame were contrived of a fpherical

figure, and the glafs were in its center,

the reprefentation would be flill more ac-

curate. If the obje6l without be at the

diftance of twice the focal length of the

glafs, the image in the room will be of

the fame magnitude with the objecl.

8 The
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The lights, fhades, and colours in the

camera obfcura appear not onlyjuft, but,

by the images being reduced to a fmaller

compafs, much ftronger than in nature

:

add to this, that thefe pictures exceed all

others by reprefenting the motion of the

feveral objeds : thus Ave fee the animals

walk, run, or fly, the clouds float in the

air, the leaves quiver, the waves roll, &c.

and all in fl:ri£t conformity to the laws of

nature. The befl fituation for a dark

chamber is dire6lly north, and the befl

time of the day is noon.

RECREATION VI.

^0Jhew the fpots on the fu7i s dijk^ by its

image ifi the camera obfcura.

T)UT the objecl-glafs of a ten or twelve

foot telefcope into the fcioptric ball

and turn it about till it be dire<£lly oppo-

fite the fun *. T^hen place the pafteboard,

mentioned

* When the fun is diredlly oppofite the hole

the lens will itfelf be fufficient : or by means of

the
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mentioned in the laft Recreation, in the

focus of the lens, and you will fee a clear

bright image of the iiin, of about an inch

diameter, in which the Ipots on the fun's

furface will be exactly defcribed.

As this image is too bright to be feen

with pleafure by the naked eye, you may

view it through a lens, whofe focus is

6 or 8 inches didant, which at the fame

time that it prevents the light from being

offenfive, will, by magnifying both the

image and the fpots, make them appear to

greater advantage,

the mirror on the outfide of the window, as in the

fifth Recreation, the lens will anfwer the purpofe

at any time.

RECRE-
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RECREx^TION VII.

S^C magnify fmall objcds by means of ths

fun s rays let into a dark chamber.

T ET the rays of light that pafs through

the lens in the Ihutter be thrown on

a large concave mirror, properly fixed in

a frame. Then take a flip, or thin plate of

glafs, and fticking any fmall obje6l on it,

hold it In the incident rays, at a little

more than the focal diflance from the mir-

ror, and you will fee, on the oppolite

wall, amldfl the reflected rays, the image

of that objed, very large, and extremely

clear and bright. This experiment never

fails to give the fpedator the highefl

fatisfadion.

RECRE-
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RECREATION VIII.

'The portable camera obfcura,

T^HE great pleafiire produced by the

camera obfcura in the common form

has excited feveral to render it more uni-

verially ufeful by making it portable

;

eafily fixed on any ipot, and adapted to

every profpect. We Ihall not here exa-

mine the merits of the various forts that

have been inverted, among which there

are doubtlefs feveral highly ingenious

;

but content ourfelves with defcribing one

that may have fome advantages not to be

found in others *.

Let ABCD (PL III. Fig. 3.)beaframc

of wood, of two feet long and about twen-

ty inches wide ; let its four fides be two

inches and a half thick, and firmly joined

together. In a 5;roove formed in this

* This fort of portable camera appears to be the

invention of M. Guyot.

frame
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frame place a plate of clear glafs, E*.

To each of the corners of this frame join

a leg, with a hinge, that it may turn up,

under the table. To the under part of the

frame join four pieces of light wood, as

H, which muft alfo have hinges to fold

up ; and obferve that when they are let

down, as in the figure, they mufl clofely

join, by means of hooks, it being quite

neceffary that no light enter the box f

.

To that jufl defcribed, there muft be

added a fmaller box M, in which muft be

an inclined mirror N, and in one of its

fides a moveable tube O, five or fix inches

long:. This tube muft be furnifhed with

a convex glafs, the focus of which, by the

reflexion of the mirror, mufl reach the

glafs E in the frame.

* If the upper ^de of the glafs were convex, It

would be ftill better.

t The infide of the box may be lined with black

cloth, to make it as dark as poflible.

There
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There muft alfo be a covering of black

fluff, in form of a tent, to place over the

top of the frame, by means of four little

poles that go into holes in the corners of

it. There muft be an opening to this tent

on the lide A B, by a curtain to be drawn

up, and which you are to let down over

you, when you place yourfelf under it

;

that no light may enter. The three

other fides fliould hang down fome inches

over the frame.

This camera isj indeed, Ibmething

more cumberfbme than thole that have

been hitherto invented ; and yet, if pro-

perly made, it will not weigh more than

twenty to five-and-twenty pounds. On

the other hand, it is much more conve-

nient ; for as the coloured rays of ob-

jecls paint themfelves on the bottom of

the glafs in the frame, you may draw

them without having your hand between

the rays and their image.

When
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When you have placed the frame on a

Ipot a little elevated, that nothing may in-

tercept the rays from falling on the glafs

in the tube, you fix a fheet of tranlparent

varnifhed paper on the glafs in the frame,

by means of wax .at its corners. Then

placing yourlelf under the curtain, you

trace on the paper all the outlines of the

objects there reprefented, and if you think

fit, you may alfo mark the extent of the

fhadows. If you want only the outlines,

you may lay a thin plate of glafs on that

in the frame, and trace the flrokes with a

pencil and carmine. After which you

muft dip a fheet of paper in water, with-

out making it too wet, and fpreading it

lightly over that glafs, you will have the

impreliion of the defign there drawn.

Note, By each of thefe methods you

will have the objeds either in their natu-

ral pofition, or reverfed : which will be

an advantage when the defign is to be en-

graved, and you will have it then appear

in the natural pofition.

I . In
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In ufiiig this machine, you fhoiild make?

choice of thofe objects on which the fun

then fhines, as the appearances of the fha-

dows add greatly to the beauty of the de-

iign. There are, however, circumflances

in which it is to be avoided, as when yoit

w^ould paint a rifnig or fetting fun, &c.

RECREATION IX.

'i'he magic lantern,

npHIS very remarkable machine, which

is nov/ known over all the world,

caufed srreat aftonifhment at its origin.

It is ftill beheld with pleafing admiration,

and the lpe£lator very frequently contents

himielf with wonderins; at its effecls,

without endeavourino; to inveftio;ate their

caufe. The invention of this insrenious

illufion is attributed to the celebrated P.

Kircher, who has publifhed, on various

fciences, works equally learned, curious,

and entertaining.

The.
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The defign of this machine is to repre-

feiit at large, on a cloth or board, placed

in the dark, the images of fmall obje6ls,

painted with tranfparent colours on plates

of glafs.

Its conftru6lion is as follows. Let

ABCD (PI. III. Fig, 4.) be a tin box, eight

inches high, ten long, and fix wide (or any-

other fimilar dimenlions.) At the top

muft be a funnel E, of four inches in

diameter, with a cover F, which, at the

fame time that it gives a pailage to the

fmoke, prevents the ligiit from coming

out of the box.

On the fide AC there is a door, by which

is adjufled a concave mirror G, of metal

or tin, and of five inches diameter ; being

part of a fphere whofe diameter is eighteen

inches, this mirror mufl be fo difpofed

that it may be pufhed forward or drawn

back by means of the handle H, that enters

Vol. IL D the
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the tin tube I, which is foldered to the

door.

In the middle of the box mufl: be placed

a low tin lamp K, which is to be move-

able. It fhotrld have three or four lights,

that muft be at the height of the focus of

the mirror G.

In the fide B D, and oppofite to the mir-

ror, there muft be an' aperture of three

inches wide and two inches and a half

high, in which is to be fixed a conve}?;

glals L, of the fame dimenfion*, whofe

focus mufl be from four inches and a half

to five inches, fo that the lamp may be

* I prefer this form for the glafs (fays M. Gnyot)

that the pidlure thrown upon the cloth may have

the fame form, which is much preferable to a circu-*

lar aperture, through which the figures can never be

completely fcen but when they are at the center of

the glafs. It is furprifing that this imperfedion has-

been fuffered to continue fo long, when it is fo eafily

remedied. ~

placed
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|)laced both in its focus, and in that of the

concave mirror.

On the fame fide place a piece of

tin M N, of four inches and a half fquare,

having an opening at the fides of about

four inches and a half high, and a quarter

of an inch wide. Through this opening

or groove are to pafs the glafles, on

which are painted the figures that are

to be feen on the cloth. In this tin piece,

and oppofite the glafs L, let there be an

aperture of three inches and a quarter

long, and two inches and a quarter high,

to which muft be adjufted a tube O, of

the fame form, and fi^ inches long. This

tube is to be fixed into the piece M N.

Another tube, fix inches long, and move-

able, muft enter that jufl mentioned, in

which mufi: be placed two convex lenfes,

P and Q^ that of P may have a focus of

about three inches, and that of Q, which

is to be placed at the extremity of the tube,

one of ten or twelve inches. The diftance

D 2 between
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between thefe glafles is to be regulated by

their foci. Between thefe glaffes there

muil: be placed a pafteboard R, in which

is an aperture of an inch wide, and 4-5th^

of an inch high. By placing this tube far-

ther in or out of the other, the images on

the cloth will appear larger or fmaller.

From what has been faid of the prece-

ding machines, the conftru£lion of this will

be eafily underftood. The foci of the con-

cave mirror, and the lens L, meeting in

the flame of the lamp, they together

throw a ftrong light on the figures painted

on the glaffes that pafs through the

groove M N, and by that means render

their colours diftind on the cloth. The

rays frpm thofe glaffes paffing through the

lens P are collected by the aperture in

the. pafteboard R, and conveyed to the-

lens Q, by which they are thrown on the

cloth.

The lantern being thus adjufted, you

mufl provide plates of clear glafs, of twelve

6 01
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or fifteen inches long, and three inches

wide, which are to be placed in thin

frames, that they may pafs freely through

the groove MN, after being painted in

the' manner we Ihall now deicribe.

Method ofpainting the glajjesfor the lantern.

Draw on a paper the fubjedl you in-

tend to paint, and fix it at each end to

the glafs. Provide a varnifh with, which

you have mixed fome black paint, and

with a fine pencil draw on the other fide

of the glafs, with very light touches, the

defign drawn on the paper. If you are

defirous of making the painting as perfect

as poffible, you fhould draw fome of the

outlines in their proper colours, provide^

they are the ftrongeil: tints of thofe colours

that are ufed. When the outlines are dry,

you colour the figures with their proper

tints or gradations ; and thofe colours will

|iot peel off, if you temper them with a

D 3 ftrong
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ftroftg white varnifh*. You are then to

ihade them with black mixed with the

fame varnifh, or white biftre, as you find

convenient. You may alfo leave flrong

lights in fome parts without any colours,

jn order to produce a more ftriking effe£l.

Obferve, in particular, not to ufe more

than four or five colours, fuch as blue,

red, green and yellow. You Ihould em-

ploy however a great variety of tints, to

give your painting a more natural air,

without which they will reprefent vulgar

objeds, which are by no means the more

pleafing becaufe they are gaudy.

When the lamp in this lantern is light-

ed, and by drawing out the tube to a pro-

per length, the figures painted on the glafs

appear bright and well defined, the Ipec-

tator cannot fail of being highly enter-

* All thofe colours that are not terreftrial, as

TruiVizn blue, carmine, calcined verdigris, &c. may be

ufed to advantage, when tempered with a proper

varnifh.

tained
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tained by the fuccefiion of natural or

grotefque figures that are painted on the

glafTes.

This piece of optics may he rendered

much more amufing, and at the fame time

more marvellous, by preparing figures to

which different natural motions may be

given *, which every one may perform ac-

cording to his own tafte ; either by move-

ments in the figures themfelves, or by

painting the fubje(5l on two glaffes, and

paffing them at the fame time through the

groove, as will be feen in the next Re-

-creation.

* There are in the Philofophical Eflays of M.
Mufchenbroek, different methods of performing all

thefe various movements, byXome mechanical con-

tiivan^es that are not difficult to execute,.

D 4 JRE-
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RECREATION X.

To reprefcnt a tempejl^ by the magic lantern^

T)RO V IDE two plates qf glafs, whofe

frames are fo thin that they may both

pafs freely through the groovy of the lan-

tern at the fame time,

On one of thefe glalTes you are to

paint the appearance of the fea, from the

flightefl agitation to the ipofl violent

commotion, Reprefenting from A to B
(PI. IV. Fig. I.) a calm ; from B to C a

linall agitation, with fome clouds; and

fo on to F and G, which fhould exhibit a

furious ftorm. Obferve that thefe repre-

fentations are not to be diftin6l, but run

into each other, that they may form a

natural^ gradation; remember alfo, that

great part of tl^^e effedi: depends on the

perfedion of the painting, and th^ pic-

turefque appearance of the defign.

On the other glafs (Fig, 2.) you are to

paint veflTels of different forms and dimen-.

fions,
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lions, and in different directions , together

with the appearance of clouds in the tem-

pefluous parts.

You are then to pafs the glafs (Fig. i.)

flowly through the groove, and when you

come to that part where the ftorm begins,

you are to move the glafs gently up and

down, which will give it the appearance

of a fea that begins to be agitated ; and

fb increafe the motion till you come

to the height of the liorm. At the fame

time you are to introduce the other gla{s

with the (hips, and moving that in like

manner, you will have a natural repre-

fei)tation of the fea and of fliips in a calm

and in a ftorm. As you draw the glaffes

flowly back, the tempcft will feem to fub-

fide, the Iky grow clear, and the ihips

glide gently over the waves,

This effe£l: of the magic lantern muft

certainly afford more pleafure and fiir^

prize, than to fee figures, frequently badly

painted,
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painted, appear one after the other in the

midft of a luminous circle, as in a medal

;

whofe form, befides being difguftful, pre-

vents you from feeing any two figures,

together, without the head and l.'gs of

one of them being entirely hid : an in-

convenience that is avoided by this new

method, even when you make ufeof the

common figures.

By means of two glafTes difpofed in this

manner you may likewile reprefent a

battle, or fea fight, and numberlels other

fubje^ls, that every one will contrive

according to his own tafte. They may

be alfo made to reprefent fbme remark-

able or ludicrous action between different

perfbns, and many other amufements

that a lively imagination will eafily fug-

gefl. The inflance we here give (fays

M. Guyot) being intended merely as an

example, and to fhew that this machine

is capable of producing much more re-

markable effeils than have been hitherto

exhibited,

RECRE-
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RECREATION XI.

*The nebulous magk lantern,

n^HE light of the magic lantern, and

the colour of images, may not only

be painted on a cloth, but alfo refleded by

a cloud of finoke.

Provide a box of wood or pafteboard

AB (PI. IV. Fig. 3.) of about four feet

high, and of feven or eight inches fquare

at bottom, but diminifhing as it alcends,

fo that its aperture at top is but fix inches

long, and half an inch wide. At the bot-

tom of this box there muft be a door that

ihuts quite clofe, by which you are to place

in the box a chafing-difh with hot coals, on

which is to be thrown incenfe, whofe

finoke goes out in a cloud at the top of the

box. It is on this cloud that you are to

throw the light that comes out of the

lantern, and which you bring into a fmaller

compafs by drawing out the moveable

Z tube.
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tube. The common figures will here

ferve. It is remarkable in this reprefen-

tation, that the motion of the fhiake does

not at all change the figures, which ap-

pear fo confpicuous that the lpe6lator

thinks he can grafp them with his hand.

Note, In this experiment fome of the

rays paffing through the fmoke, the repre-

fentation will be much lefs vivid than on

the cloth ; and if care be not taken to re-

duce the light to its fmallefl focus, i^

will be flill more imperfedt.

RECREATION XII.

'to produce the appearance of a phantom^

upon a pedejial placed on the middle of a

table,

T^NCLOSE a common fmall magic

^ lantern in a box A B C D (Plate

IV. Fig. 4.) that is large enough to con^

tain alfo an inclined mirror M, which

XTiufl be moveable, that it may refledl the

conq
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cone of light thrown on it by the lantern,

in fuch manner that it may pafs out at the

aperture made in the top of the box.

There lliould be a flap with hinges to co-

ver the opening, that the infide of the box

may not be feen when the experiment is

not making. This aperture (hould like-

wife be oval, and of a fize adapted to the

cone of light that is to pafs through it.

There mufl be holes made in that part

of the box which is over the lantern, to let-

out the fmoke ; and over that part mufl

be placed a chafing-difh of an oblong

figure, and large enough to hold feveral

lighted coals *.

There mufl alfo be a glafs that will

afcend and defcend atpleafure in the verti-

cal groove a b. To this glafs let there be

* This chafing-diih may be enclofed in a painted-

tin box of about a foot high, with an aperture at top

fomething like Fig. 3. It {hould itand an four fbort

feet, to give room for the fmoke of the lamp to pafs

out.

fixed
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fixed a cord, that, going over a pulley r,

pafles out of the box at the fide C D, by

which the glafs may be drawn up, and

will defcend by its own weight.

On this glafs may be painted a fpe£lre,

or any other more pleafing figure. Ob-»

lerve that the figures mufl be contracted

in drawing, as the cloud of finoke does

not cut the cone of light at right angles,

and therefore the figures will appear

longer than they do on the glafs.

After you have lighted the lamp in the

lantern, and put the mirror in a proper

direction, you place the box or pedeflal

ABCD on a table, and putting the chafing-

difh in it, throw fome incenfe in powder

on the coals. You then open a trap door,

and let down the glafs flowly ; and when

you perceive the fmoke diminifli you draw

up the glafs, that the figure may difappear,

and fhut the trap door. This appearance

will occafion no fmrdl furprize, as the

fpedre
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fpe<^re will feem to rife gradually out of

the pedeftal, and on drawing up the glafs

will difappear in an inftant. Obferve,

that when you exhibit this Recreation you

muft put out all the lights in the room

;

and the box fhould be placed on a high

table, that the ipe<£lators may not per-

ceive the aperture by which the light

comes out. Tho* we have mentioned a

fmall magic lantern, yet the whole appa-

ratus may be fo enlarged, that the phan-

tom may appear of a formidable fiz^.

By having glafles properly painted, you

may alfo produce the image of a flower,

or a card, &c. like one you have burnt,

and caft the aihes into the fire with the

incenfe, and by that means pretend to

make the image rife out of the afhes 5

with many other devices that every one

may contrive of that kind which fhall

pleafe him befl.

j?t. il' i-' av J^-
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RECREATION XIII.

*l*he magical theatre.

T> Y making fome few additions to the

magic lantern with the fquare tube *,

ufed in the ninth Recreation, various

fcenes, characters, and decorations of a

threatre may be Hvely reprefented.

Let there be made a wooden box ABCD
<(Plate IV. Fig. 5.) a foot and a half long,

fifteen inches high and ten wide. Let it

be placed on a ftand EF, that mufl go

round it, and by which it may be fixed

with two fcrews to a table. Place over it

a tin cover, as in the common lantern.

Make an opening in its two narroweft

fides ; in one <^x. which place the tube H,

* It is quite neceflary to make the lantern much

larger than common, that the objeds painted on the

glafles, being of a larger fize, may be reprefented with

greater precifion, and confequently their feveral

chara6lers more ftrongly marked.

and
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and in the other the tube I ; let each of

them be fix inches wide, and five inches

high ; in each of thefe tubes place ano-

ther that is moveable, in order to bring

the glalTes, or concave mirror, that are

contained in them, to. a proper diftance ;

as will be explained hereafter.

In the middle of the bottom of this

box place a tin lamp, M, which muft

be moveable in a groove, that it may be

placed at a proper diftance with regard

to the glaffes and mirror : this lamp

(hould have five or fix lights, each of

them about an inch long.

At the beginning of the tube H, toward

the part N, make an opening of an inch

wide, which mufi: crofs it laterally : an-

other of three quarters of an inch, that

mufl crofs it vertically, and be nearer the

box than the firfi: ; and a third of half an

inch, that muft be before the firft.

The opening made laterally mufl have

three or four grooves, the fecond two, and

Vol. II. E the
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the third one : that different fubjed^s of

figures and decorations noay be paffed,

either fideways, afcending, or defcending,

fo that the fcenes of a theatre may be

the more exa6lly imitated *. Enclofe thefe

grooves between two convex rectangular

glafTes, of fix inches long, and five inches

high, and of about twenty inches focus

;

one of which mufi: be placed at O, and

the other toward P. Have another tube

Q, of about a foot long, which mufl en-

ter that marked H ; and at its outward

extremity place a lens of about fifteen

inches focus.

There mufi: alfo be a third tube R,

four inches long, which is to enter that

marked I : to the exterior end of this ad-

jufl: a concave mirror, whofe focus muft

be at feven or eight inches from its re-

flecting furface.

* In the decorations, the clouds and the palaces

of the Gods fhould defcend ; caves and infernal pa-

laces fhould afcend j earthly palaces, gardens, &c.

enter at the fides.

This
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This magic lantern being thus adjuft*

ed, nothing more is necefTary than to pro-

vide glafles, painted with fuch fubje^ts as

you would reprefent, according to the

grooves they are to enter* The lamp is

then to be lighted, and placing a glafs in

one of the grooves, you draw out the

moveable tubes till the object paints itfelf

on a cloth to the moft advantage : by

which you determine the diftance of the

lantern, and the fize of the image. You

then make a hole in the partition of that

lize, and fix in it a plate of clear glais,

over which you pafte a very thin paper,

which muft be varniflied, that it may be

as tranfparent as poffible.

It IS on this paper that are to be exhi-

bited the images of all thofe objeils, that

by paffing fucceffively through the grooves,

are to reprefent a theatric entertainment.

This exhibition will be the more agree-

able, as the magic -lantern being conceal-

ed behind the partition, the caufe of the

E % illufioii
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illufion cannot by any means be dif-

covered.

In order to fhow more clearly in what

manner a fubjecl of this fort fhould be

painted, and the glaifes difpofed, we will

here make choice of the Siege of Troy,

for a theatric fubje6: ; in which will be

found all the incidents neceffary to the

exhibition of any other fubje£l whatever,

In the iirfl a£t, the theatre may repre-

fent, on one {ide the ramparts of Troy,

toward the back part the Grecian camp,

and at a farther diftance, the fea and the

ifle of Tenedos. We will fuppofe the

time to be that when the Greeks feig-ned

to raife the fiege, and embarked, leaving

behind them the wooden horfe, in which

were contained the Grecian foldiers.

On a glafs, therefore, of the fame width

with the aperture made in the fide A C of

the box, you are to paint a deep blue cur-

tain.
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tain, lightly charged with ornaments,

quite tranfparent. This glals is to be

placed in the firft verticle groove, fo

that by letting it gently down *, its image

may appear to rife in the fame manner as

the curtain of a theatre.

You mufl have feveral glafles of a pro-

per fize to pafs through the horizontal

grooves, and of different lengths accord-

ing to the extent of the Hibjecl. You may

paint,

On the firft the walls of Troy.

On the fecond the Grecian camp.

On the third, the fea, the ifle of Tcne-

dos, and a ferene iky.

On the fourth, the Grecian troops, by

detached figures.

On the fifth, other troops, difpoled in

battalions, and placed at a diftance.

* All the piaffes that are to rife and defcend muft

be bordered with thin pieces of wood, and fo exadlly

fill the grooves, tliat tliey may not Aide down of

them ft Ives.

E 3 On
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On the fixth, divers vefTels, which, as

the glafs advances in the groove, diminifh

in fize.

On the feventh the wooden horfe and

Sinon.

On the eighth, Trojan men and wo-

men,

Thefe glafTes being properly painted*,

you place in the horizontal grooves the

firft, fecond, third, and fourth. Then

draw up the curtain, by letting down the

glafs on which it is painted, and draw a-

way gently the fourth glafs, and after

that the fecond ; then advance, very gent-

ly, the fifth, that reprefents the embark-

ment, and pafs it quite through. Next

pafs, the oppofite way, the fixth, which

reprefents the Grecian fleet. The objects

painted on the fourth, fifth, and fixth

quite difappearing, you are to advance

the feventh, on which is painted the

* Unlefs you can procure glafles well painted, it

were better to reprefent fome comic fubjed, where

COfumon paii.^ings may fuffice^

"Vvoode4
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wooden horfe, and at the fame time the

eighth, where the Trojans will appear to

draw the horfe into the city. The cur-

tain is then to be let down, that you may

withdraw the fcenes of the firft a6t, and

place in the grooves thofe that are to corn-

pole the fecond.

In the fecond a£l may be reprefented

the interior part of the city of Troy : on

one fide may be feen the wooden horfe,

and in the back part the temple of Pallas,

The glafles for this a£t may be painted in

the following manner.

On the firft may be palaces and houfes,

reprefenting the infide of a city.

On the fecond, the temple of Pallas

in the centre, with a clear night and the

moon. In the front may be feen the

w^ooden horfe, that the Trojans have

placed near the temple of Pallas.

On the third, a troop of Greeks, with

Sinon at their head, who are going to

E 4 open
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open the gates of the city to the Gre-

cians.

On the fourth, different troops of arm-

ed Greeks ;
painted on a long glafs, to

afford variety.

On the fifth, feveral troops of Trojans.

On the fixth, various appearances of

fire and fmoke, fo difpofed that this glafs

be.ng drawn up above the others, the ob-

jects painted on the firft glafs, may appear

in a conflagration.

Before you draw up the curtain you

fhould place the firft and fecond glaffes.

You then pafs the whole third glafs flowly

a little after, the fourth, on which are

painted the different bodies of armed

Greeks, and at the fame time, from the

oppofite fide, the fixth glafs, that repre-

fents the Trojan troops ; obferving to

move them flowly both in advancing and

retreating, to imitate a combat*. Then

* He that moves the glafTes, feeing the efFeft they

produce, is the better able to render the repre-

fentation 4s natural as poHible,

draw
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draw up, by degrees, the fixth, on which

are painted the fire, flame, and fmoke, fb

that the palaces and houfes painted on the

firft glafs, may appear to take fire gra-

dually, and at laft prefent a general con-

flagration. After having reprefented

thefe incidents with the greateft atten-

tipn, you let fall the curtain to prepare

for the third 3.0:,

In the third a6t may be reprefented the

infide of Priam's palace, where is feen an

alter, round which feveral Trojan princefTes

appear, who have fled thither for fafety.

On the firft glafs may be painted the

palace.

On the fecond, a view of the back part

of the palace, with the altar.

On the third, Priam with feveral Tro-

jan men and women.

On the fourth, Pyrrhu3, and a troop

of Greeks.

On the fifth, the fcxmc a£lors, with the

palace in flames.

On
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0n the fixth, A conflagration.

The two firft glafTes which are to be-

drawn up, fhould be placed before you

raife the curtain. Then pafs the third ;

next advance the fourth, which being

drawn up, difcovers on the fifth the palace

in flames, then drawing up the fixth, let

down the firft, that the palace may

appear entirely deflroyed by the confla-

2:ration.

The fourth a£l may reprefent the en-

virons of Troy, with a diflant proipe6l of

the fea. The firft and third glalTes of the

firfi: a£l may be here ufed, to which may

be added a third, reprefenting Eneas bear-

ing his father Anchifes, followed by his

fon lulus, and fome Trojans. With this

glafs may be reprefented the flight of the

Trojans, and the embarkment of Eneas,

with another glafs, on which are painted

certain veflels.

To this a£l the following fcenes may be

added. The cave of ^olus ; the back

2 part
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part of the cave ; ^olus ; the winds

;

Juno in her chariot.

The fifth a£t fhould reprefent the open

fea, with the fleet of Eneas failing for

Italy.

On the firfl glafs muft be painted the

fea, as in the tenth Recreation or elfe

the waves fhould be imitated by another

glafs under the firfl:.

On the lecond, The Trojan fleet.

On the third, Neptune in his car.

On the fourth, the palace of Jupiter.

On the fifth, the infide of the palace ;

the Gods alTembled in council, with Ve-

nus, obtaining leave of Jupiter for Eneas

to land in Italy.

After having placed the firfl glafs, that

reprefents a calm fea, the curtain is raifed,

and the fecond fcene is advanced, which

contains the Trojan fleet. The firft is

then brought for^^'ard, to reprefent a vio-

lent
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lent tempeft : then raifing the third glafs,

Neptune appears, who commands the

waves to be flill, which is done by mak-

ing the tempeft fublide by degrees. The

fleet then advances, and pafles over the

whole theatre : prefently after the fourth

and fifth fcenes defcend, that reprefent

Olympus, and finiih the exhibition.

Note. We mufl here repeat, that if you

would reprefent a fubjecl of this fort to

advantage, it is quite neceifary that the

glaffes be well painted : and thole that are

to be in front, fhould be in flronger and

nuore opaque colours, that the images

of thofe behind may not appear mixed

with them, which will be the cafe if they

are all equally traniparent.

The glalTes fhould be alfo of different

lengths, that fome being placed before

the others are drawn away, their extre-

mities may not be perceived.

ThQ
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The larger thefe fubje£ls are repreient-

ed the better effe£l they will have : the

front of the theatre fhould appear to be

about three feet wide : and, as we have

faid elfewhere, if fome parts of the figures

were moveable it would flill add to the

variety of the entertainment.

This and moft of the other Recreations

we have here given in the two firft parts

of Optics, appear to have been invented

by M. Guyot, who has taken ilo fmall

pains in the improvement of this fort of

recreations.

C A T O P-
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CATOPTRICS.
/CATOPTRICS is that part of optics

which explains the properties of re-

flected light, and particularly that which

is reflected from mirrors.

DEFINITIONS

i. Every polifhed body that refle£ls

the rays of light is called a mirror, whe-

ther its furface be plane, ipherical, coni-

cal, cylindric, or of any other form

whatever.

2. Of mirrors there are three principal-

ly ufed in optical experiments, which are,

the plane mirror, GHI, (Plate V. Fig. i.)

the fpherical convex mirror, GHI, (Plate

V. Fig. 2.) and the fpherical concave mir-

ror, GHI, (Plate V. Fig. 3.)

3. The point K, (Plate V. Fig. 2 and 3.)

round which the refle£ling furface of a

fpherical mirror is defcribed, is called its

centre. The line KH, drawn from its

center



RECREATIONS. 63

center perpendicular to its two furfaces,

is the axis of the mirror, and the point

H, to which that Une is drawn, is its

vertex.

4. The diftance between the lines A G
andBG, (Plate V. Fig. i.) is called the

ande of incidence, and the diilance be-

tween BG and C G is the angle of

reflection.

APHORISMS.

I. In a plane Mirror.

1. The image DF. (Plate V. Fig. i.)

will appear as far behind the mirror, as

the objeCl A C is before it.

2. The image will appear of the lame

lize, and in the fame pofition as the

objeCl. ,

3. Every fuch mirror will refled the

image of an objed of twice its own length

and breadth.

4. If the obje£l be an opaque body, and

its rays fall on the mirror nearly in diredl

lines, there will be only one image vifible,

which
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which will be reflected by the inner furface

of the glafs. But

5. If the object be a luminous body, and

its rays fall very obliquely on the mirror,

there will appear to an eye placed in a pro-

per pofition, feveral images ; the firft of

which, reflected from the outer furface of

the glafs, will not be fo bright as the fecond,

reflected from the inner furface. The fol-

lowing images, that are produced by re-

peated reflexions of the rays between

the two fiirfaces of the glafs, will be in

proportion lefs vivid, to the eighth or

tenth, which will be fcarce vifible.

II. In a Spherical Convex Mirror.

1. The image DF, (Plate V. Fig. 2.)

will always appear behind it.

2. The image will be in the fame poli-

tion as the objed:.

3. It will be lefs than the object.

4. It will be curved, but not, as the

mirror Ipherical.

5. Parallel rays falling on this mirror

will have the focus or image at half the

diflance
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diftance of the center K, from the mir-

ror.

6. In conversfins: ravs, the diflance of

the obje£l miifl be equal to half the dif-

tance of the center, to make the image

appear behind the mirror,

7. Diverging rays will have th^ir Image

at lefs than half the diflance of the center.

If the object be placed in the center of the

mirror, its image will appear at one-eighth

of that diftance behind it.

III. In a Spherical Concave Mirror.

1

.

That point where the image appears

of the fame dimenfions as the objecl, is

the center of that mirror.

2. Parallel rays will have their focus at

one half the diftance of the center.

3. Converging rays will form an image

before the mirror.

4. In diverging rays, if the object be at

lefs than one half the diflance of the cen-

ter, the image will be behind the mirror,

ere6l, curved, and magnified, as D E F
(Plate V. Fig. 3.) but if the diftance of the

object be greater, the image will be before

Vol. II. F the
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the mirror, inverted and diminiHied, as

DEF, (Plate V. Fig. 4.)

5. The iun's rays falhng on a concave

mirror, and being parallel, will be col-

lected in a focus at half the diftance of its

center, v/here their heat will be augment-

ed in proportion of the furface of the

mirror to that of the focal fpot.

6. If a luminous body be placed in

the focus of a concave mirror, its rays

being reflected in parallel lines, will

ftrongly enlighten a ipace of the fame di-

menfion \^'ith the mirror, at a s^reat di-

fiance. If the luminous objedt be placed

nearer than the focus, its rays will di-

verge, and ccnfequentiy enlighten a lar-

ger fpace *.

IV. In all plane and fpherical mirrors

the angle of incidence is equal to the

angle of refiectiGn f .
'

* It is on this principle that reverberators are

conftruftcd.

t This aphorifm holds true of cylindric mirrors

alfo, and of thofe whofe furfaces are eliptical, para-

bolic, &c

RECREr
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RECREATION XIV.

The houndkfs gallery.

r^ONSTRUCTabox AB, (Plate VL
Fig. I.) of about a foot long, eight

inches wide, and fix high ; or what other

dimenlion you (hall think fit, provided

it does not greatly vary from thefe pro-

portions.

On the infide of this box, and asaind

each of its oppoiite ends A and B, place

a mirror of the fame fize. Take off the

quicklilver from the mirror that you place

at B, for about an inch and an half, at the

part C, where you are to make a hole in

the box of the fame fize, by which you

may eafily view its inlide. Cover the top

of the box with a frame, in which muft

be placed a tranlparent giafs, covered with

gauze, on the fide next the inner part of

the box. Let there be two grooves at the

parts E and F to receive the two painted

fcenes hereafter mentioned. On tw^o pieces

F 2 of
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of cut pafteboard let there be ikilflilly

painted on both fides (fee Fig. 2. and 3.)

any iiibje«£l you think proper ; as woods,

gardens, bowers, colonnades, &c. and on

two other pafteboards, the fame fubje£ls on

one fide only ; obferving that there ought

to be in one of them fome obje6t relative

to the fubjeft placed at A, that the mirror

placed on D may not refied the hole at C
on the oppoiite fide.

Place the two boards painted on both

fides (Fig. 2. and 3.) in the grooves E
and F ; and thofe that are painted on one

Ude only, againft the oppofite mirrors C
and D ; and then cover the box with its

tra.ifparent top. This box fhould be

placed in a flrong light to have a good

efFea.

When the eye is placed at C, and views

the obje6ls on the infide of the box, of

which fome, as we have faid, are painted

on both fides, they are fucceffively refleft-

ed from one mirror to the other ; and if,

for
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for example, the painting confifls of trees,

they will appear like a very long vifta, of

which the eve cannot difcern the end ; for

each of the mirrors repeating the objects,

continually more faintly, contribute great-

ly to augment the illufion,

RECREATION XV.

T^hefour magical mirrors,

nrAKE a fquare box ABCD, (Plate VI.

Fig. 4.) of about fix inches long, and

twelve high *
; cover the infide of it with

four plane mirrors, which muft be placed

perpendicular to the bottom of the box

CHFD,

Place certain obje6ts in relief on the bot-

tom of this box ; fuppole, for example, a

piece of fortification, (as Fig. 5.) with

tents, foldiers, &c. or any other ilibje£t

* We do not mean to limit the box to this fize ;

any other may be ufed, provided, however, that it

liave nearly the fame proportions.

F 3 that
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that you judge will produce an agreeable

effe£l by its dlfpoiition, when repeatedly

reflected by the mirrors.

On the top of this box place a frame of

glafs, in form of the bottom part of a py-

ramid, whofe bafe AGEB, is equal to

the fize of the box : its top ILMN, mufl:

form a fquare of fix inches, and fliould

not be more than four or five inches higher

than the box. Cover the four fides of

this frame with a gauze, that the infidc

may not be vifible but at the top ILMN,
which Ihould he covered with a tranlpa-

rent glafs.

When you look into this box through

the glafs ILMN, the mirrors that are

diametrically oppofite each other, mu-

tually reflecting the figures enclofed, the

eye beholds a boundlefs extent, complete-

ly covered with thcfe objects ; and if they

are properly difpofed, as in the example

here given, in Fig. 5. the illufion will

occafion
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occafion no finall furprize, and afford

oreat entertainment.o

Note, The nearer the opening ILMN
is to the top of the box, the greater will

be the apparent extent of the fubje6t.

The fame will happen if the four mirrors

placed on the fides of the box be more

elevated. The objefts by either of theie

difpofitions, will appear to be repeated

nine, twenty- five, forty-nine times, &c.

by taking always the fquare of the odd

numbers of the arithmetic progrefiion 3,

5, 7, 9, &c. as is very eafy to con-

ceive, if we remember that the liibje^t

enclofed in the box is alwavs in the cen-

ter ofa fquare, compofed of feveral others,

equal to that which forms the bottom of

the box.

Other pieces of the fame kind (that is

viewed from above) may be contrived,

in which mirrors may be placed perpen-

dicular on a triangular, pentagon, or

F 4 hexagon,
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hexagon (that is, a three, five, or fix-fided)

plane. All thcfe difrcrent difpofitions,

properly direded, as \\ell with regard to

the choice as polition of the objeds, will

conflantly produce very remarkable and

pleafing illufions.

If inftead of placing the mirrors per-

pendicular, they were to incline equally,

fo as to form part of a reverfed pyramid,

the fubjefl; placed in the box would then

have the appearance of a very extenfive

globular or many-fided figure.

RECREATION XVI.

I'he efichaiitedpalace,

/^N the hexagonal or fix-fided plane

ABCDEF (PL VII. Fig. i.) draw fix

femi-diameters GA^ GB, GC, GD, GE,

GF, and on each of thefe place, perpen-

dicularly, two plane mirrors, which muft

join
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join exadily at the center G *. Decorate

the exterior boundary of this piece (which

is at the extremity of the angles of the

hexagon) with fix cokimns, that at the

faine time ferve to fupport the mirrors, by

grooves formed on their inner fides. (See

the profile. Fig. i.) Add to thefe columns

their entablatures, and cover the edifice in

fuch manner as you fball think proper.

In each one of thefe fix triangular fpaces,

contained between two mirrors, place

little figures of pafleboard, in relief,

reprefenting fuch objects as when feen in

an hexagonal form will produce an agree-

able eite(5l. To thefe add finall figures of

enamel ; and take particular care to con-

ceal, by fome obje6t that has relation to

the fiibjeft, the place where the mirrors

join, which, as we have laid before, all

meet in the common center G,

* Thefe mirrors, placed back to back, muft be as

thin as pofTible.

When
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When you look into any one of the

fix openings of this magical palace, the

objedls there contained being repeated fix

times, will feem entirely to fill np the

whole of the building. This illufion will

appear very remarkable ; eipecially if the

objedls made choice of are properly adapt-

ed to the efFe6l that is to be produced by

the mirrors.

Note, if you place between two of thefe

mirrors part of a fortification, as a cur-

tain and two demi-baftions, you will fee an

entire citadel, with its fix baftions. Or if

you place part of a ball room, ornament-

ed with chandeliers and figures in enamel,

all thoie objedis being here multiplied

will afford a very pleafing profped.

RECRE.
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RECREATION XVIL

jTo draw an irregular Jigure, which Jhall

-appear regular when viewed in a plane

mirror,

T^IVIDE the fquare ABCD (PL VIL
Fig. 2.) into fuch number of lefler

fquares as you fliall think proper, and

then draw on it the fubjeil you would re-

prelent. Make the Hne GF (Fig. 3.)

equal to a fide of the fquare ABCD ; and

after having divided it into two equal

parts at the point E, through that point

draw the indefinite line AB, which mufh

cut the line GF at right angles. Take

any two points in the line A B, as A and

B, equally diftant from the point E, and

draw from the point A the lines K C and

A D, which you mufl: continue till they

meet the line C D, parallel to G F,

On the point A draw AH perpendicu-

lar to A B, and of an equal length with the

line
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line C D, that is double of that which

forms a fide of the fquare A B C D.

Divide the Hne CD into as many

equal parts as there are in a fide of the

fquare ABCD, and from the point A
draw the lines A^, hb. From the point

of view H, draw the line H D, which by

cutting the lines ha^ AB, Kb^ will fhow

you the points of the fedion from which

you are to draw the linesy^, parallel to

GF'andCD.

Then tranfpofe on the trapezium, or

irregular four-fided figure, GFCD (which

will be divided into as many perlpe^live

fquares as there are natural fquares in Fig.

I . ABCD) the defign traced on that

fquare ; and on the line F G, place per-

pendicularly a mirror of an equal fize with

that fquare. The diftorted figure traced

on the trapezium GCFD being then viewed

in the mirror from a point elevated per-

pendicularly ever the point B, to the height:

of
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of C D, will appear exaiflly fimllar to that

traced on the fquare ABCD. It will

appear equally regular if the mirror be

taken away, and it be viewed from the

point H.

Note, Before you colour the diflorted

figure drawn on the trapezium, you

fhould pafle it on a board of a parallelo-

gram figure, whofe fides are equal to the

lines EB and CD : and fill up the fpace

beyond the trapezium with fiich figures

as you fhall think proper, the better to

difsuife it : thefe extra figures will not

appear in the mirror, if you have the

precaution to raile at the point B a fland

that fhall bear a circle with a linall hole,

thro' which the objed is to be feen in the

mirror. This contrivance will confide-

rably augment the illufion.

RECRE-
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RECREATION XVIIL

'i'he magical dial.

ROCURE a dial-cafe as ABCD (PL

VII. Fig. 4.) of the fize of thofe that

are commonly ufed to hold a watch. Let

it be placed on a pedeftal CDEF, in which

there mufl be a fmall drawer H, that can

hold the plate ABCD, (Fig. 5.) on which

plate draw the circle of hours E, and in

the center let there be a magnetic needle,

placed on the point of an axis, which,

paffing through the plate, carries on its

other point an artificial magnet, that mufl

be concealed in the part under the

plate *.

Place at the bottom of the dial cafe, at

the part I, another dial, the hours of

* The magnetic needle itfelf may do, if it be not

too far from the other dial. That this needle may not

be fufpefted of having been touched^ it may be gilt, io

as to appear like brafs.

which
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which are to be reverfed, as it is exprefTed

in Fig. 6. and whofe hour of twelve muft

be placed next the front of the cafe G.

Adjufl a pivot to the center of this plate,

and fix on it a magnetic needle.

Cover the openings at the fides of the

front of the dial-cafe (except where the

dial appears) with a glafs lined with gauze

on the infide, that the light may pals in

and illumine the dial that is there placed.

Towards the top of the dial-cafe place an

inclined mirror LM, which by refledlino-

the dial placed at the bottom of the cafe,

will make it vifible at the part N, where

you muft adjufl a circle of pafleboard,

that bordering the part where the dial

appears, and being placed on the infide,

will prevent the borders on the back part

of the mirror from being feen.

Matters being thus adjufled, when the

hand of the dial (Fig. 5.) is let to any hour,

and it is placed in the drawer, fo that the

hour
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hour of twelve may be next the ring b)-

which it is pulled out, the hand of the

other dial, placed at the bottom of the

cafe, will direct itfelf to the fame hour,

and by looking at the part N, you \^'ill

fee by the refle£lion of the mirror, thv.-

hour appear in the front of the dial plate-.

Give the dial (Fig. 5.) to any one, and

tell him to fet the hand privately to any

hour he pleafe, and then place it in the

drawer, only obferving that the hour of

twelve be next the ring, and he will then

lee that the hand of the dial at top will

diredt itfelf to the fame hour.

Note, If attention be had to place the

dial-cafe fo on the table, that the hand of

the dial which is concealed (and which

will of itfelf turn towards the north, when

the other dial is not under it) dired itfelf

to the prefent hour when the experiment

is making, it will appear the more extraor-

dinary ;
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diiiary ; becaufe, when the drawer is taken

away, it will again turn to the prefent hour,

which will render the caule of the illufion

ftill more myflerious.

RECREATION XIX.

Uhe box of divination,

T ET a box be made with hinges, like

ABCD (PI. VIII. Fig. I.) of about

eight inches long, two wide, and half an

inch thick ; divide the iniide of it into

four equal parts, by fmall partitions.

Have four fmall cafes E, F, G, H, which

will each of them fit any of the divilions,

and in each of them you mufl fix a fmall

artificial magnet, whofe poles are to be

placed as is exprefled in the figure. Co-

ver thefe cafes with pafteboard or very

thin ivory, en which you are to write

any four figures you fhall think fit.

To a table IL, whofe wood is not too

thick, fit a drawer, at the bottom of which

Vol. II. G muft
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mufl be placed an inclined mirror MN^
of the fame length and breadth with the

box jull mentioned. Under the board

that forms the top of the table, and to-

ward the fide where the drawer opens,

place a fmall brafs rod, turned up at its

extremities, and on which there muft be

four pivots, at the fame diftance from

each other as are the centers of the cafes

placed in the box. Thefe pivots are to

llipport four circles of pafteboard PQRS
(Fig. 2, and 3.) which muft each of them

have a magnetic needle. •

Obferve, that the figures on the pafte-

board muft not only be reverfed, but muft

be wrote on the under fide, next the hot'

tom of the drawers, that when it is opened

they may be feen in the mirror there

placed. Have regard alfo to the dilpoii-

tion of the poles of the needles, in the

manner as is clearly exprelled in the third-

figure,

Ma,ttcr»;
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Matters being thus prepared, when you

have placed on the table the box and the

four numbers there included, fo that they

may be exadly over the four circles of

pafteboard concealed in the drawer, that

is, that the centers of the one may be pre-

cifely over the centers of the other, the

needles on the circles will conform them-

felves exactly to the magnets in the cafes ;

fo that if an inftant after having placed

the box, you open the drawer fb far as

to fee the mirror, you will there perceive

the number that the four figures on the

cafes make.

Then give the box and the four cafes to

any one, and tell him to form privately

any number, by placing the cafes in what

order he fhall think fit, and return you the

box firmly clofed. You then place it on

the table over the circles, and opening the

drawer, under pretence of taking out an

opera-glafs, you caft your eye on the mir-

ror, and obferve the order of the figures

G 5 there
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there exprefTed. You then fhut the drawer,

and retiring to a diilance, pretend to dif-

cern, by the opera-glafs, the number you

have obferved.

RECREATION XX.

I'hc magical perfpeLlives.

A T the bottom of an heptagonal or fe-

ven-fided box, as ABCDEFG
(PI. VIII. Fig. 4.) of about eight inches

diameter and an inch and an half deep *.

place a circle of pafteboard, of five inches

and a half diameter, very light and move-

able, on a pivot fixed m the center H : on

this circle fix a ftrongly magnetic needle I,

and divide the circle into 2 1 equal parts,

as is exprefTed in Fig. 7. The top of the

box is to be covered with glais, over which

you mull: pafte a fheet of very fine paper,

painted the fame colour with the box, and

* This box fliould be fo confimcled as to appear

to be the pedeilal to the three perfpeftives hereafter

defcribed.

var-
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varniflied, that the light may eafily pafs

through it, and illumiiie the objedis whick

are to be wrote or painted on the pafte-

board circle. On the middle of the top

of this box ere6l a column I (fee Fig. 5.)

fupported on a pedeilal M, and crowned

with its capital N.

In the glafs that covers the box there

muft be three circular holes, at equal di-

ftances from each other, as O, P, Q, each

of them three fourths of an inch in dia-

meter, and on each muft be fixed, im-

moveable, a perfpedive glafs, like that in

the fixth figure of this plate,

ConJiruCiion of the perfpedive glafs.

Provide a ftand of wood A (Fig. 6.) in

which a hole is made from top to bottom,

of 3-4ths of an inch in diameter ; on this

ftand place the perfpedive BC, which

muft have a fecond tube D, like the com-

mon glaffes. In the larger part of it F,

G 3
there
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there mull: be a fmaller oval mirror E,

which inchnes or is elevated as the tube

D is thrufl in or drawn out. Let there

be a circular hole at that part of the

tube which refts on the fland A, that

when the mirror is inclined, you may fee

through the ftand of the perfpe6:ive any

object that fhall be placed in the box,

under one of the holes OPQ^. Let

the three perfpedives fo conflruded be

placed, immoveable, over thofe three

holes.

lt/j? combination of objetis that may be draivn

on the moveable circle in the box.

This circle is to be divided, as we have

faid, into 2 1 equal parts, and each of thefe

divifions muft appear under each of the

openings O, P, Q, as the circle turns round

on its pivot.

* At the bottom of the fland of each 'perfpedivc

there may be placed a lens of five or fix inches in

diameter, to magnify the objed.

8 You
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You are to determine what three objecfls

you would have appear under the three

perlpe6lives ; and fuppofing, for example,

that they are reprefented by the numeral

£gures 1,2, and 3, you will find that thefe

three figures will admit of fix combina-

tions or different difpofitions, as

1,2,3. i,3'2.2,i,3. 2,3,1. 3,1,2. 3,2,1*.

Then place the numbers, or the obje(£ls

they reprefent, in fuch order that the lirfl

number i, of the firfl combination, 1,2,3,

may be in the firfl divifion A, of the circle,

(fee Fig. 7.) the fecond number, 2, in the

eighth, and the third number, 3, in the

fifteenth divifion : that the firft number,

I, of the fecond combination, may be

placed in the fecond divifion B ; the fe-

cond number, 3, in the ninth divifion ; and

the third number, 2, in the fixteenth divi-

fion, &c. Having thus filled up eighteen of

the divifions with the fix combinations

of numbers, the other three are to be left

blank,

* See vol. I. page 9. aphorlfm 16.

G 4 The
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The circle being thus prepared, is to be

placed on its pivot, and to one of the

{even fides of the box (Fig. 4.) is to be

adjufled a lever or flop, that being let

down on the circle, at pleafure, may pre-

vent it from turning.

When the three perfpe6lives are placed

on the box, and turned toward the column

ere6led on its center, if the fmalleft tube

be thruif in, it raifes the mirror that is con-

tained in each of them, and, by the hole

B, the column is feen. If on the contrary

the fmall tube be drawn a little way out,

the mirror becomes inclined, and you then

fee one of the three obje6ls that are placed

in the box, under each opening in the

Hands of the peripecSlive, and thefe objects

AV'ill necelTarily appear in the order of one

of the fix combinations of which they are

alone fufceptible.

By placing the box on the table,

in which a magnetic bar, fix inches

long.
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long *, miift be concealed, and whofe di-

redion you know, you may eafily make
the three objeds above mentioned appear

oppoiite the three holes O, P, O, with

all their changes ; for nothing more is

neceflfary than to place the box accordino*

to a mark that is on the table, oppofite to

which you are to place one of its feven

fides ; and by letting down the private

check you keep the circle fixed.

The amulements that are to be made

with theie perfpe£lives may be varied ac-

cording to the number of different objedls

that can be placed on the moveable circle.

We fhall content ourfelves here with giv-

ing an example in numbers, which may be

applied to any other fubje6l, the diffe-

rence of objects making not the leail: diffe-

rence in the manner of performing this

Recreation ; which, when well executed^

* This bar fhould be ftrongly impregnated, that it

may readily turn the paileboard circle.

never
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never fails to excite the highefl admi«

ration.

Firft then, you are fo to place the move-

able circle, that the three divifions on

which there is nothing wrote may appear

under the three holes O, P, Q*, and the

fmall tube of the perfpedlives is to be

fo diipofed that the mirrors on the infidc

may incline to forty-five degrees f , and re-

{le6t the objects placed under thofe holes.

The perlpedives being thus difpofed, they

are placed on the table, and hberty is given

thofe that defire it, to look into them, as

they can then fee no objed. You are then

to prefent to three different perfons, three

fuch objects as you fhall think proper J ;

* This muft be done privately, by means of th»

check, before the machine is brought to the table.

+ That is, be half way between a line drawn perpen-

<licular to the ground, and its furface.

X Thefe cbjefls may be either numbers, flowers,

cards, mottos, &c. it is only neceffary that the circle

be properly painted. You may alfo have different cir-

cles to vary the Recreation yet farther, by privately

fhanging them.

we
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we will fuppofe here the three numbers

I, 2, 3. When each of the three perfons

has made choice of one of thefe numbers

you roll the three cards on which they

are wrote, altogether, and put them into

the column, oppofite to which the three

perfpe6lives are placed ; and give each

perfon liberty to choofe in which glafs he

will fee his objed*.

When the three parties have chofe

their perfpe£lives, the box is to be placed

on the table, where the bar is concealed,

taking due care to fet it in fuch diredion

that the openings O, P, Q, may corre-

fpond to thofe parts of the circle on which

the objedls are wrote. A fhort time muft

be given the circle to fettle, and then the

* It is immaterial which glafs the firft perfon

choofes, before the box is placed on the table, but if

the fecond fhould not name that under which his ob-

jeQ. is placed, the box mufl: be moved ; however it is

an equal chance but he does, and in that cafe they may

all three fee their objedls at the fame time.

check
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check muft be privately let down. The

three perfoiis then looking through the

perlpeclive they have each of them chofe,

their obje6ls will naturally appear to

them in that part of the column where

their cards were placed *.

Note, It requires fome memory to per-

form this recreation with facility, as you

muft keep in mind the fix changes of or-

der, which the liberty you give the Ipec-

tators to fee through which of the glafles

they pleale, requires. You may, how-

ever, to avoid charging your memory,

trace on the box certain ligns, which at

the fame time that they appear to be or-

naments, may fhow you in what diredioa

the box is to be placed.

* You may then propofe to each of them to make

him fee his obje6l through another perfpedlive, which

you do by removing the check, and putting the box

in a different direction.

RECRE-
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RECREATION XXI.

T^he penetrating perfpe&'ive,

•TXyriTHIN the cafe ABCD, (Plate X.

Fig. I.) place four mirrors, O, P,

Q, R, fo difpofed that they may each of*

them make an angle of forty-five degrees,

that is, that they may be half way inclined

from the perpendicular, as in the figure.

In each of the two extremities A B. make

a circular aperture, in one of which fix.

the tube G L, in the other the tube M F,

and obferve that in each of thefe is to be

inferted another tube, as H and I *.

Furnifh the firfl of thefe tubes with an

objedl glafs at G, and a concave eye-glafs

at F. You are to obferve that, in regu-

lating the focus of thefe glaffes with regard

to the length of the tube, you are to fup-

* Thefe four tubes muft terminate in the fubftancc

of the cafe, and not enter the infide, that they may
i?ot hinder the efFe6l of the mirrors.

pofe
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pofe it equal to the line G, or vifual

pointed ray, which entering at the aper-

ture G, is refle6led by the four mirrors,

and goes out at the other aperture F,

where the ocular glafs is placed. Put

any glafs you will into the two ends of

the moveable tubes H and I ; and laftly

place the machine on a fland E, moveable

at the point S, that it may be elevated or

depreffed at pleafure.

When the eye is placed at F, and you

look through the tube, the rays of light

that proceed from the obje6l T, paffing

through the glafs G, are fucceffively re-

flefted by the mirrors O, P, R, and Q,
to the eye at F, and there paint the object

T, in its proper fituation, and thefe rays

appear to proceed diredlly from that ob-

jed.

The two moveable tubes H and I, at

the extremities of each of which a glafs is

placed, ferve only the more to difguife th^

illufion,
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illufion^ for they have 110 communi-

cation with the interior part of the ma-

chine. This inflrument being moveable

on the ftand E, may be directed to any

objed ; and if furnifhed with proper

glafles will anfwer the purpofe of a com-

mon perfpedive.

The two moveable tubes H and I being

brought together, the machine is dire£led

toward any obje6l, and defiring a perfon

to look j.n. at the end F, you aik him if he

fee diftindly that objedl. You then fepa-

rate the two moveable tubes, and leaving

a fpace between them fufficient to place

your hand, or any other folid body, yoii

tell him that the machine has the power

of making objects vifible thro' the mofl

opaque body ; and as a proof you defir^

him then to look at the fame objed, when

to his great furprize, he will fee it as dif-

tin(5t as when there was no folid body

placed between the tubes.

Note,
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Note, This recreation is the more ex-

traordinary, as it is very difficult to con-

ceive how the effect is produced. The

two arms of the cafe appearing to be

made to fupport the perfpedive glafs

:

and to whatever object it is dire(5led, the

^ffed is flill the fame.

RECREATION XXIL

l!he magician's mirrors,

TN the wainfcot of a room make two

apertures, of a foot high, and ten

inches wide, and about a foot diftant fronl

each other. Let them be at the common

height of a man's head ; and in each of

them place a traniparent glafs, furround-

ed with a frame, like a comm.on mirror.

Behind this partition place two mirrors,

one on the outward fide of each aperture,

inclined to the wainfcot in an ande of

forty-five degrees* ; let them be both eight-

teen inches fquare : let all the fpace be-

* See page 90.

4 tween^
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tween them be enclofed by boards or pafle-

board, painted black, and well clofed,

that no light may enter ; let there be alio

two curtains to cover them, which may be

drawn afide at pleaiiire.

When a pcrfon looks into one of thefe

fuppofed mirrors, inftead of feeing his

own face he will perceive the object that

is in the front of the other ; fo that if two

perfons prefent themfelves at the fame

time before thefe mirrors, inftead of each

one feeing himfelf, they will reciprocally

fee each other.

Note, There fhould be a fconce with a

candle placed on each lide of the two

glaffes in the walnfcot, to enhghten the

faces of the perfons who look in them,

otherwife this experiment will have no

remarkable effe6l.

This Recreation may be confiderably

improved by placing the two glaffes in the

Vol, II. H wainfcot,
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wainfcot, in adjoining rooms, and a num-

ber of perfons being previoufly placed in

one room, when a Granger enters the

other, you may tell him bis face is

dirtv, and defire him to look in the

glals, which he will naturally do ; and

on leeing a ftrange face he will draw back

:

but returning to it, and feeing another,

another, and another, like the phantom

kings in Macbeth, what his furprife will

be is more eafv to conceive than expreis.

Axfter this, a real mirror may be privately

let down on the back of the glafs, and if

he can be prevailed to look in it once

more, he will then, to his farther afto-

nifhment, fee his own face ; and may be

told, perhaps perfiiaded, that all he thought

he faw before was mere imagination.

How many tricks lefs artful than this,

have paffed in former tim.es for Ibrcery

;

and pafs at this time, in fome countries,

for apparitions.

Note, When a man looks in a mirror

that is placed perpendicular to another, his

face
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face will appear entirely deformed. If

the mirror be a little inclined, fo as to

make an angle of eighty degrees (that is

one ninth part from the perpendicular)

he will then fee all the parts of his face

except the nofe and forehead. If it be in-

clined to fixty degrees (that is, one third

part) he will appear with three nofes and

lix eyes : in fhort, the apparent deformity

will vary at each degree of inclination ;

and when the glafs comes to forty-five

degrees, (that is, half way down) the face

will vanifh. If inftead of placing the

two mirrors in this fituation, they are fb

difpofed that their jundion may be ver-

tical, their different inclinations will

produce other effedts ; as the fituation of

the objeft relative to thefc mirrors is

quite different. The effc6is of thele

mirrors, though remarkable enough, oc^

cafions but httle fiirprize, as there is no

method of concealing the caufe by whi^ch

thej are produced.

H z RECRE^
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RECREATION XXIIL

Pokjuofcopes.

Y the term polemofcope is meant any

inftrument, whether catoptric or di-

optric, by which you may fee what pafles

in another place, without being feen from

thence. The machines contain one or more

plane mirrors, which convey by refledion

the image of the obje6l to the eye of the

fpe61ator. There are fmall inflruments of

this kind, made in the form of an opera-

glafs, by which, while you feem to look

ftraight forward, you fee what pafles on one

{ide, and by that means gratify your curio-

fity without the appearance of incivility.

To theconftrucling of this fort of pole-

mofcope nothing more is neceflary than to

fix in a common opera- glafs a fmall mir-

ror inclined to an angle of forty-five de-

grees, and adjufl a proper objecl-glafs.

This glafs at the fame time may anfwer

Its
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its common ufe, by adding an objed-

o-lafs, and (o contriving the fmall tube

that it may remove the mirror at plea-

fure, as in the 2i{l Recreation.

The tube of a polemolcope may be plac-

ed againft a wall, the inclined mirror be-

ing; a little above it, and turned outwards,

by which means you will difcover what

pafTes on the other fide, without being

ieen yourfelf. An inftrument of this fort

would be of ufe in fieges, where there is

dan2;er without the wall from the fire

of the enemy ; and on other occafions.

This inftrument may be alfo fo conftrud-

ed, that the tube may turn round, and the

mirror be elevated or deprefl'ed, that you

may fee fucceliively and at pleafure, all

the objeds that you would perceive if you

were at the top of the wall againft which

the inflrument is placed.

H 3 RE-
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RECREATION XXIV.

I'he enchanted mirrors,

AKE a box of wood, of a cubical

figure, ACBD, (Plate X. Fig. 2.)

of about fifteen inches every way. Let it

be fixed on the pedeftal P, at the ufual

iieieht of a man's head. In each fide of

this box let there be an opening of an oval

form, of ten inches high, and feven wide.

In this box place two mirrors A, D,

with their backs againfl: each other ; let

them crofs the box in a diagonal fine, and

in a vertical pofition. Decorate the open-

ings in the fides of this box \\'ith four oval

frames and tranfparent glaflfes, and cover

each of them with a curtain, fo contrived

that they may all draw up together.

Place four perfons in front of the four

fides, and at equal diftances from the

box, and then draw up the the curtains that

they
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they may fee themfelves in the mirrors
;

when each of them, inftead of his own
>

figure, will fee that of the perlbn who is

next him, and who, at the fame time, will

feem to him to be placed on the oppofite

fide. Their confufion will be the greater,

as it will be very difficult for them to dif-

cover the mirrors concealed in the box.

The reafon of this phenomenon is evi-

dent, for though the rays of light may

be turned afide by a mirror, yet, as we

have before faid, they always appear

to proceed in right lines.

RECREATION XXV.

I'be animated optic halls,

(By aJingle reJleB'ion.)

nPHIS piece of catoptrics, as well as

that which follows of double reflec-

tion, being of the clafs that produces the

mofl: pleafnig iilufion, we fhall here give

a full detail of the manner in which it is

to be executed.

H 4 , Pro-
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Provide a wooden box ABCD, of

about two feet high, and fifteen inches

wdde (Plate IX. Fig. i.) and toward the

top let there be made an opening E, of

eight or nine inches high, and feven or

eight inches wide, and in this opening

fix a tranfparent glafs*. Let the box be

two feet deep (fee the profile ABCD, Fig.

2.) and adjufi: to it a partition ST, of the

fame width, and that is fifteen inches

deep from S to T ; obferve, that this par-

tition will feparate the box into two divi-

fions, the upper of which mufl be one or

two inches lefs than the under.

In the upper divifion, and toward the

extremity S of the partition ST, and crols

it, place a fmall decoration KS, of the

figure of the outward fcene of a theatre,

in which let there be an opening of ten

inches wide, and eight inches high.

* If the dimenfions of the box be larger, the ex-

hibition will be more perfed ; and on the contrary,

if it be fmaller, it will be lefs perfedl.

Behind
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Behind this fcene place the mirror K F,

(Fig. 2.) in an angle of forty-five degrees,

as in the common optical machines, and

obferve that it be of the fame width with

the box, and large enough to cover the

overture of the front fcene, when the eye

is placed at the tranfparent glafs E.

Decorate the interior fpace KSBT,
with fuch different paintings as you fhall

judge will contribute moft to the pleafure

of the exhibition. Cover the top of the

box, from K to B, with a frame in which

is a glafs lined with gauze, that the light

may enter the part KSBT. This firfl

conflrLKSlion being made in the propor-

tions and with the precautions here laid

down, you are next to place the inclined

plane, hereafter defcribed, which mufl be

of a fize to enter this edifice by a back door

made at G H.

Conjirucilon ofthe Indmedplane.

This plane fhould incline to the bafe of

the ftrudure in an angle of about thirty

degrees,
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degrees *, that is, it fhould be raifed about

one third of the fpace toward the per-

pendicular, and muft be fupported on it^

lides by two triangular props, placed at

IML.

On that part of this plane which faces

the mirror KF, draw fome pleafing fub-

je61:, as for example, a garden ornament-

ed with bowers ; or a piece of architec-

ture, &c. in fuch manner that it may ap-

pear regular when feen at E, by refle6lion

from the inclined mirror f.

In this plane form a groove made of

two thin flips of copper, very little ele-

vated above the furface ; let this groove be

fo difpofed that the ball in going from the

* If the ball that is to run down this plane make

many turnings, the plane fhould then have a greater

inclination.

t This drawing need not differ much from the

common method ; for as the plane I M is but little in-

clined, it will be only necefTary to draw the objeds

a little higher: their width may remain the fame.

top
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top may make various windings, over fiicli

parts of the drawings as you fhall think

lit, and at lafl defcending near the mid-

dle of its inferior fide CD, (Fig. 3.) and

running along the channel OP, (Fig. 2.)

it may fall into a pajt made to receive it

in the wheel hereafter defcribed.

Provide yourfelf with feveral ivory balls

of ibmething more than half an inch dia-

meter, which are to run freely in the

groove above defcribed.

On the infide of this box, towards R,

place two fmall tin candleflicks, in which

put two wax candles to enlighten the in-

clined plane *
; there muft be a door by

which you may take them out at pleafure :

fix over them a cover of tin, to which

there muft be a funnel to carry the linoke

out of the edifice.

* To thefe candlefticks may be joined reflector?, fo

jdifpofed as to throw all the light on the inclined plane.

Con-
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ConJlru6i'ion of the wheelfor remounting the

balls inceffantly,

III the centre of the toothed wheel A,

(PI. IX. Fig. 5.) place a barrel with a

Ipring, and let it be alfo in the centre of

the brafs nod FG. The pinion of the wheel

B is to take the teeth of the firil wheel A ;

and its teeth are to turn the fly C, whofe

wings mufl be moveable, that by being

more or lefs inclined, they may accele-

rate or retard the motion of the machine.

To the wheel A let there be fixed two

brafs rods*, and at the extremity of each

there muft be a box D, (fee the profile

Fig. 6.) whofe overture MN is clofed by

a valve H, that moves freely on the point

I : the axis of this valve mufh come out

beyond the furface of the box, that the

check L may be there placed, which

* The axis of this wheel fhould projed, that it

may be wound up by a key, in the fame manner as

a clock,

Ihould



RECREATIONS. 109

fliould move freely, and at the fame time

with the valve. Thefe boxes muft be large

enough to contain, each of them, one of

the balls, that are, as we have faid, to roll

on the inclined plane, and that it may

enter at the fide M.of the valve, which

mufl then clofe. The lides of thefe boxes

muft incline, as in Fig. 5.

Obferve alfo, that this wheel muft be

of a proper fize to place at the back of

this machine, near that part where the in-

clined plane is placed, (fee Fig. 4.) that it

may not only receive in its revolving boxes

the balls, that after having rolled on

the plane, pafs out by the groove O P, (Fio-.

2.) but may alfo raife them again to the

height C, (Fig. 4.) where there fhould be a

Imall channel to receive and condud them

to the top of the inclined plane. Remark,

alfo, that toward the part M there muft be

a little iron catch, that may fucceflively

ftop the checks L, (Fig 6.) which are

fixed to the axis of the valves, that it

may
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may give time to the ball to pafs into the

box at the part M, and difcharge the check

L : in hke manner when the box comes to

the heisfht of the eroove that is to conduct

the ball to the inclined plane, there mud:

be another catch to open the valve and

difcharge the ball.

The wheel being thus placed, at the

back of the machine, and the Spring wound

up, the balls will inceflantly defcend and

remount till the fpring in the box at the

axis of the wheel is quite unbent *,

When a ball is put into the groove at

the top and runs down the inclined plane,

he that looks into the glafs placed in front

of the box, will imagine that it afcends by

various turnings, and goes out at the top

of the edifice. The appearance will be-

come the m,ore pleafnig as the different

* There fliould be a cafe over this wheel, vvith

a door to open, that the contrivance may be quite free

from deledion.

windings
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windings of the ball are properly adapted

to the fubjed painted on the inclined

plane. This piece when executed with

care, produces a very remarkable illufion,

and is one of the moil pleaiing Recre-

ations of catoptrics.

RECREATION XXVI.

'thefame exhibition by a double reJJe&ion,

npHIS differs from the foregoing by

having a mirror inclined in an angle

of forty-five degrees, (fee Plate IX. Fig. 2.)

in the room of the inclined plane, and hy

having the plane on which the balls roll

placed near the part of the box T D.

There may be placed, moreover, toward

S T, and in a pofition almoft horizontal,

little columns, arbours, or other obje6ls,

made of brafs wire, at equal diflances*,

* This wire fhould have a fmall inclination ; which

niay be two tenths of an inch for every foot; and the

diflance between the wires Ihould be fomething lefs

than the diameter of the balls

and

9
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and joined together at the bottom by fenii-

circles, which muft be fo contrived as not

to obflrud the courfe of the balL

If there be fiifficient room, you may

|)lace, under the former, another range

of wires, that have a fimilar diipofition,

fo that the ball, after having run over the

firft, may defcend to the other, which

will have a remarkable effect ; as the balls

will feem to rencounter and pafs over

each other. There muft then be two

conductors, fo that one ball may enter at

one fide, and the other at the oppofite

fide. There fhould alio be a third con-

du£lor, which, after the balls has pafTed

over the firft piece, may carry it to the

top of the inclined plane, placed oppofite

the fecond mirror, that it may then pafs

throuo-h all its windinsrs.o o

Note, Thefe exhibitions may be varied

at pleafure, as that depends entirely on

the tafte and invention of thofe that con-

ftrua
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flm6t them. You fhould obferve to give

but a very fmall inclination to the

grooves in which the balls run. Thefe

balls may be of ivory painted, as thole of

brafs make too much noife in the box,

and are fubje6: to break the inclined mir-

ror, when by chance they jump out of the

groove and fall on it.

The grooves fhould be concealed as

much as poffible by paintings or orna-

ments. They fhould be either of brafs,

tin or thin pafleboard. In a word, too

much care cannot be taken in conducing

exhibitions of this nature.

Vol. II. I RECRE-
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RECREATION XXVII.

To defcrlhe on a plane furface an irregular

Jigure, which Jhall appear regular ivhen

placed oppojite a rault'iplymg glafs^ andfeett

by rejle6i'ion through an aperture made in

the center of the drawing.

TT^T'E Ihall not here lay down the geo-

metric manner of drawing this

figure, for it would not only be very com-

plicate, and extremely difficult to execute,

but when done could not fucceed, on ac-

count of the impoffibility of procuring

glafTes of this fort, whofe planes are equal-

ly inclined and perfectly regular.

CONSTRUCTION.

Procure of an able artift a mirror, of

metal (Plate X. Fig. 3.) whofe bafe is a

hexagon of about two inches and a half

in diameter, and about half an inch thick

at its center. Let the faces of this mirror

be very truly cut, their angles very iharp,

and
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and their furfaces highly polifhed. Ce-

ment this mirror to a ftand of about half

an inch thick, and let it be firmly joined

by means of a fcrew, at the point A, (Fig.

4.) which Ihould be eight or nine inches

high ; and let the ftand be fclidly fixed on

the top of the box BC *

At the end C of this box (Fig. 4.) place

an upright frame with a groove, which is

to remain there, and in which are to be

placed the defigns, of about fifteen inches

Iquare, containing the different diflorted

figures that are to appear regular, when

feen in the glafs, which, as appears by

the figure, will then be oppofite to it.

In the center of the drawing make a hole

of about three tenths of an inch in diame-

ter, through which the mirror may be en-

tirely feen, and which fhould be placed

* This box may have a drawer, to contain the

different paintings that are to be feen by the mirror

-

it may be eight or nine inches wide, and fifteen

inches deep,

I ^ exa£lly
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exa<^ly oppofite that hole, with its bafe

parallel to the drawing or pidure.

Draw on a paper or pailieboard the geo-

metric plan of the multiplying glafs, (fee

Fis: 60 and on that draw the defig-n vou

would have feeii in the mirror. Thefe

preparations being made with great atten-

tion, that is, the mirror being properly

fixed, and the drawing rightly adjufted,

look at the mirror through the hole H,

made in the drawing, and holding the ruler

AB*, by its handle D, (fee Fig. 5.) in

vour left hand, move it in different di-

re^bions over the drawino- till its fide C
appear to the eye (remaining conftantly at

H) to be exactly even with one of the

lides of the glafs ; there keep it fixed

;

and takino; the eye from the hole, draw

with a black lead pencil, that you have

ready in the other hand, a line by the

* Tliis n'.ler fhould be about three or four inches

iong, ver)^ thin and black. It may be made of part

of the fpring of a clock.

ruler.
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ruler. Do the fame by the other fides of

that face of the glafs, and then the fpace

contained between thofe two hnes will be

that on which you are to tranfpofe that

part of the defign which is drawn on the

corresponding face in Fig. 3,

Do the fame by all the other faces of

the glafs, and you will then have twelve

faces that will correfpond to thoie of the

mirror, and which altogether muft confe-

quently contain the entire iubjedt that is

traced on Fig. 6,

Thefe Ipaces not differing much from

thofe of the mirror, it will be eafy to trace

the object that has been defigned ; it will

be only neceffary to number them, to pre-

vent any miftake : and to place the paper

or pafteboard before the mirror, after you

have lightly traced the defign ; and infpe£l

it by the hole H, that you may dilcover

and re<Slify any errors that may have been

made. Thefe fpaces may alio be fubdi-

I 3 vided.
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vided, as well on the defign as the diftort-

ed figure, in the manner exprefled in Fig.

7, 8 ; and by that means the tranfpofition

will be made v/ith ftill greater facilitj.

Laflly, you fhould fill up the vacant

parts on the pafteboard with figures that

have no analogy with thole in the original

defign, and by that means render it flill

more fiirprifing.

This experiment will produce a moil

agreeable illufion to thofe who are igno-

rant of the manner in v/hich it is per-

formed; for, when looking at the point

H, they cannot difcover the leafl refem-

blance between what they fee in the rnir-

ror, and the general defign on the pafte-

board.

Obferve, this drawing may alfo be

traced correctly enough by means of

a lamp, placed at the point of view H,

taking care to enclofe it in a tin cafe, and

to



Plate J^.

Fm2.p-io2.



F(g.2.r^io2

i(j. 3 .ft 114



RECREATIONS. 119

to adjuft lo it a tube of aboxU an inch in

diameter, and three or four inches long,

that can be protra£led or fhortened at

pleallire. When you ule this method, a

hole mufl: be made in the paper, large

enough to admit the end of the tube ; fo

that the light falling on the feveral faces

of the glafs, they may be refledled on the

paper, and fhow where each of them is

to be traced. By this method the time

ipent in finding them by the ruler is

faved; and if the light be fteady, the

drawing will anfwer very well. You

may alfo draw on the mirror, with foot,

tempered with fine white lead, all the

ftrokes of the defign, and by that means

ftill fhorten the execution of the drawing.

I 4 RE-
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RECREATION XXVIII.

^0 defcr'ibe on a plane furface a deformed

figure^ which Jhall appear regular when

viewed by rejiedlion i7i a cylindrical mir-

ror,

nPHE geometric method of defcribing

this irregular figure, being, as in the

laft Recreation, not only extremely dif-

ficult, on account of its different curves,

but alfo liable to error from the want of

regularity in making the mirrors ; we

fhall here fhew another method of de-

fcribing it, far lefs learned indeed, but

much more concile, and eafily pra£licable

by thole who have not a profound know-

ledge of geometry, but are yet defirous of

drawing thefe forts of anamorphofes.

Let ABCD be the cylindrical mirror,

(Plate XI. Fig. I .) in which you would fee,

from
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from the point of view E, the deformed

obje£l painted on the board FG, in a

reovular form.

On a paper, or pafteboard, draw the

circle A (Fig. 2.) equal to the bafe BD
of the cylindric mirror; and taking the

point B for the diftance of the point of

view from the mirror, draw the line AB,
which muft pafs through A, the center of

the circle. Then draw the two lines BC
andBD.

Divide the line CD into fix equal parts,

and draw from the point of view B, the

lines B /, which by cutting one of the fides

of the circle, will determine the points on

which you are to ere£l the parallel perpen-

diculars, which may be done by a ruler ;

making ufe of an opaque colour that will

effe6lually obfcure thoie parts of the cy-

linder where they are dra\Mi*.

* You may ufe foot and white lead ground toge-

ther with gum, after having traced the lines with a

crayon.

Thefe
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Thefe firil divifions being regularly

made, divide about two thirds of the height

of the fide CD, of the cylinder, into ten

or twelve parts, refped:ively equal to thofc

ef the diameter of the circle (Fig. 2.) and

from the point of view E, draw the lines

E/, which paffing through all the points

of divifion, mufl be continued to the other

fide of the cylinder. On the two oppofite

fides of the cylinder mark the different

heights of the feveral divifions, and

through thofe points draw the oval figures

f /, making ufe of the fame colour as be-

fore.

Take a paper ABCD (Fig. 3.) whofe

two fides AB and CD mull be divided

into fix equal parts, and thofe of A C and

BD into ten or twelve equal parts, on

which you are to draw the figure as you

would have it appear to the eye when

viewed in the cylindric mirror. At the

point of view E, place a lamp fo difpofed

that its hght may fall on the cyhndric

miiTor only,

Whea
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When you have fixed the cylinder 011

the pafteboard FG (Fig. i.) and the lamp

is placed at E, fo that its light cannot

fall on the pafteboard, but by refle<5:ion,

all the ftrokes on the cylinder will then

appear on the board, and may be eaiily

traced with a pencil. By this means the

board will be divided into as many irre-

gular fpaces, as there are regular divifions

in the parallelogram (Fig. 8.) If, there-

fore, you transfer to each of thofe fpaces

the ftrokes of the deiign that is on the

parallelogram, it will appear quite de-

jFormed on the pafleboard, and quite rc-»

gular when feen from the point of view

E, eipecially if due attention be had to

drawino; the outlines of the figure..^ ..^.^ WW,.**.X^C» V/i LXi^ XX^K

Note, The point of view fhould be four

or five inches above the upper part of the

mirror, that you may not be obliged to

make ufe of a very large pafleboard : it

fhould not, however, be much higher, as

then the figure on the board would xiot be

fufficiently deformed.
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By this method you may alfo draw

irregular figures to be feen in a prifm, or

any other fort of mirror, provided they

can be traced and illuminated *.

Obferv'e, if you are defirous of paint-

in o- thefe forts of anamorpholes to advan-

tage you muft not overcharge thofe parts

with colour that are moft diftended, for

when they become contracted in the mir-

ror the colours appear unnatural. In a

word, great attention is necelTary in draw-

ing and painting thefe fubje£ls, as on that

the fuccefs principally depends,

* The geometric method of drawing deformed

obje6ls to be feen in a prifm, will be found at large

in the treatife of Abbe Nollet.

RECRE-
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RECREATION XXIX.

Optical appearances,

f\^ all our fenfes the fight is certainly

fubje£t to the greateft illufion. The

various writers on optics have deicribed a

great number of inflances in which it de-

ceives us, and have conftantly endeavour-

ed to invefligate the caufes, to explain

their effeds, and to reconcile appearance

with reality. We every day difcover new

phenomena, and doubtlels many more are

referved for pofterity. It frequently hap-

pens, moreover, that a diicovery which at

firfl feemed of little confequence, has led

to matters of the highefl importance.

Take a glafs bottle A, (PI. XL Fig. 4.)

and fill it with water to the point B ; leave

the upper part BC, empty, and cork it

in the common manner. Place this bottle

oppolite a concave mirror, and beyond its

focus, that it may appear reverfed, and be-

fore
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fore the mirror (fee aphorifm 4. page 6^.)

Place yourfelf ftill farther diflant than the

bottle, and it will appear to you in the

fituation a, h^ r, (Fig. 5.)

Now it is remarkable in this apparent

bottle, that the water, which, according to

all the laws of catoptrics, and all the ex-

periments made on other obje£ls, fhould

appear at a b^ appears on the contrary at

bc^ and confequently the part ab appears

empty.

If the bottle be inverted and placed be-

fore the mirror (as in Fig. 6.) its image

will appear in its natural, ere6l polition

;

and the water, which is in reality at B C,

will appear at a b.

If while the bottle is inverted it be un-

corked, and the water run gently out, it

will appear that while the part BC is

emptying, that o( ab in the image is fill-

ing ; and what is likewife very remark-

able.



Pi^iE.xr,

F(g.5.p,i26.
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able, as fbon as the bottle is empty the

illufion ceafes, the image alfo appearing

entirely empty. If the bottle likewife be

quite full there is no illufion.

If while the bottle is held inverted, and

partly empty, fome drops of water fall

from the bottom A towards B C, it feem«

in the image as if there were formed at

the bottom of the part ab^ bubbles of air

that rofe from ^ to ^ ; which is the part

that feems full of water. All thefe phe*

nomena conftantly appear.

The remarkable circumflances in this

experiment, are, firft, not only to fee an

objed where it is not, but alfo where its

image is not ; and fecondly, that of two

objects which are really in the fame place,

as the furface of the bottle and the water

it contains, the one is feen at one place,

and the other at another ; and to fee the

bottle in the place of its image, and the

water where neither it, nor its image,

are»

Note,
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Note, It has been conje£lured, with

fome appearance of reafon, that this illu-

fion arifes partly from our not being ac-

cuftomed to fee water fufpended in a bottle

with the neck downward, and partly from

the refemblance there is between the co-

lour of the air and that of water, which

induces us to imagine that we fee them

where they ufually are ; and this is ren-

dered more probable by putting any co-

loured liquor into the bottle, for that will

appear in its proper place (M. Guyot.)

RECREATION XXX.

I'he perfpe^ivc mirror.

pROVIDE a box ABCD (PL XII.

Fig. I.) of about two feet long, fif-

teen inches wide, and twelve inches high.

At the end A C place a concave mirror,

the focus of whofe parallel rays is at

eighteen inches from the refledling furface.

At IL place a pafleboard blacked, in which

a hole
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hole is cut fufficieutly large to fee on the

mirror H, the obje£t placed at BEFD.

Cover the top of the box, from A to I,

clofe, that the mirror H, may be entirely

darkened. The other part I B, mufl; be

covered with a glafs, under which is

placed a gauze.

Make an aperture at G, near the top of

the fide E B ; beneath which, on the in-

fide place, in fucceffion, paintings of dif-

ferent fubje6ls, as \ifl:as, landfcapes, &c.

fo that thev mav be in front of the mir-

ror H. Tet the box be fo placed that the

obje6l may be flrongly illumined by the

fun, or by wax lights placed under the

enclofed part of the box A I.

By this fimple conflru^iiion the objecls

placed at GD will be thrown into their

natural perfpedlive, and if the fubjects

be properly chofe, the appearance will be

altogether as pleafing as in op.tical ma*

chines of a much more complicated form.

Vol. II. K Note,
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Note, A glafs min^or fliould be always

here uled, as thofe of metal do not repre-

fent the objects with equal vivacity, and

are befide fubje6l to tarnidi. It is alfo ne-

ceflary that the box be fufficiently large,

that you may not be obliged to ufe a mir-

ror whofe focus is too fhort ; for in that

ca(e, the ri2:ht lines near the border of the

picture will appear bent in the mirror,

which will have a difagreeable efFe£t, and

cannot be avoided.

RECREATION XX^I.

'To fetfire to a combiifiihle body, by the rejlec-

tio?i of t-ivo concave mirrors.

^
I
''HE rays of a InmiROiis body placed

in the focus of a concave mirror be-

ing refied;cd in parallel lines, if a fecond

mirror be placed diametrically oppofite

the firfl, it \^/ill, by colleding thofe rays ill.

its focus, fet fire to a combuflible body.

Place two concave mirrors, A and B
(PL XII. Fig. 2.) at about twelve or fifteen

feet



RECREATIONS. 131

feet diftance from each other, and let the

axis of each of them be in the fame hne.

In the focus C, of one of them, place a

live coal, and in the focus D of the other,

fbme gunpowder. With a pair of double

bellows, which make a continual blail,

keep conftantly blowing the coal, and not-

withftanding the diftance between them,

the powder will prefently take fire.

It is not neceflary that thele mirrors be

of metal or glafs, thoie made of wood or

pafteboard, gilded, will produce the explo-

lion, which has fometimes taken effe6l at

the diftance of fifty feet, when mirrors of

eighteen inches or two feet diameter have

been ufed.

This experiment fucceeds \^'ith more

difficulty at great diflances : which may

proceed from the moifture in a large

quantity of air. It would doubtlefs take

effe6l more readily, if a tin tube, of an

equal diameter with the mirrors, were to

be placed between them.

K % RE-
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RECREATION XXXII.

^he real apparition.

T>EHIND the partition AB (PL XIL

Fig. 3.) place, in a pofiticn fome-

thing oblique, the concave n^irror EF,

which muft be at leafl ten inches in diame-

ter, and its diftance from the partition equal

to three-fourths of the diftance of its center.

In the partition make an opening of

feven or eight inches, either fquare or cir-

cular : it mufl face the mirror ; and be of

the fam.e height with it. Behind this par-

tition place a ftrong light, fo dilpofed that

k may not be {t^v\. at the opening, and may

illumine an obje£l placed at C, without

throwing any light on the mirror.

Beneath the aperture in the partition

place the objed C, that you intend Ihall

appear on the outfid© of the partition, in

stn inverted poiition ; and which we will

luppofd
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fuppofe to be a flower. Before the par-

tition, and beneath the aperture, place a

little flower-pot D, the top of which

fhoiild be even with the bottom of the

aperture, that the eye, placed at G, may

fee the flower in the. fame pofition as if

its flalk came out of the pot,

Take care to paint the {pd.ce between

the back part of the partition and the

mirror black, to prevent any reflexions of

light from being thrown on the mirror ;

in a word, fo difpofe the whole that it

may be as little enlightened as poflible.

When a perlbn is placed at the point

G, he will perceive the flower that is be-

hind the partition, at the top of the pot

at D, but on putting out his hand to

pluck it, he will find that he attempts to

grafp a fhadow.

Obfervation.

The phenomena that m^ay be produced

by means of concave mirrors are highly

K 3 curious



134 RATIONAL
curious arid aftonifliing. By their aid Spec-

tres of various kinds may be exhibited.

Suppofe, for example, you were to tell any

one, that at fuch an hour, and in fuch a

place, he fhould fee the apparition of an

abfent or deceafed friend (of whofe por-

trait you are in poffeffion.) In order to

produce this phantom, inftead of the hole

in the partition A B, in the laft figure, there

mufl be a door, which opens into an apart-

ment to which there is a confiderable de-

fcent. Under that door you are to place

the portrait, which muft be inverted and

ftrongly illuminated, that it may be lively

refleded by the mirror, which muft be

large and well poliihed. Then bavin o-

introduced the incredulous ipedlator at

another door, and placed him in the

proper point of view, you fuddenly

throw open the door at A B, Vn^icu to his

great aflionifhment, he will immediately

fee the apparition of his friend.

It will be obje£led, perhaps, that this is

not a perfect apparition, becaufe it is only

vifiblQ
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viiible at one point of view, and by one per-

fon. But it fhould be remembered, that it

was an eftabliflied maxim in the lafl centu-

ries, that a ipe-clre might be vifible to one

per'fon and not to others. So Shakefpeare

makes both Hamlet and Mackbeth fee appa-

ritions that were not viiible to others, pre-

fcnt at the fame time. It is not unlikely,

moreover, that this maxim took its rile

from certain apparitions of this kind that

were raifed by the monks, to ferve fom.e

purpofes they called religious ; as they

alone were in pofTeffion of what little

learning there then was in the v/orld.

Nothing here faid is intended to inva-

lidate ibe belief that feparate Ipirits may

hold converfe with men. He mufl be

either very ' .--ak or very wicked, who can

wifh to diibsUeve an opinion that is fo

highly honourable and advantageous to

hum- 'i^y.

There is one phenomenon we mufl: not

her^ omit ; for tho' it be common enough

K. 4 it
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it is alfo pleaiing, and eafv to be perform-

ed; If you place yourfelf before a concave

mirror and at a proper diftance, your figure;

will appear inverted, and if you ftretch out

your hand toward the mirror, you will

perceive another hand that feems to meet

and join it, though imperceptible to the

touch. If inilead of your hand you make

ufe of a drawn fword, and prefent it in

fuch manner that its point may be direcl-.,

ed toward the focus of the parallel rays,

of the mirror, another fword will appear,

and feem to encounter that in your hand.

You are to obferve, that to make this ex-

periment fiicceed well, you muft have a

mirror of at leafl a foot in diameter,

that you may fee yourielf in part. If

you have a mirror large enough to fee

your whole perfon, the illufion will be

much more ftriking. This phenomenon,

with which fo much parade has been,

made by fome modern experimental phi-

lofophers, was d^fcribed by Baptifta Porta.

more than 200 years fince.

CHRQ-^
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CHROMATICS.

/CHROMATICS is that part of optics

which explains the feveral properties

of the colours of light, and of natural

l^odies.

DEFINITIONS.

1

.

Thofe rays of light that are all equal-

ly refrangible, are called fimple or homo-

geneal rays.

2. Thofe rays that have different de-

grees of refrangibility, are called com-

pound, or heterogeneal *.

3. The colours of homogeneal light are

called primary or fimple colours : and

4. Thofe of heterogeneal light, fecon-

dary or compound colours.

5. A fpe6lrum is a coloured image of

the fun, produced by the refra£lion of a

ray of light let into a dark chamber.

* The terms homogeneal and heterogeneal are

derived from the Greek words omos^ the fa?ne ; etej-os,

^rj)ther \ and gems, kind orfpec'ies,

6. A
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6. A prlfm is a glafs body, whofe two

ends are fimilar and parallel triangles, and

its three fides regular planes.

APHORISMS.

1. All the colours in nature proceed

from the rays of light.

2. There arc feven primary colours,

which are red, orange, yellow, green, blue,

indigo, and- violet.

3. Every ray of light may be feparated

Into the feven primary colours.

.4. The rays of light in palling through

the fame mediym have different degrees

of refrangibility.

5. The difference in the colours of light

arifes from its different refrangibility,

that which is the leaft refrangible pro-

ducing red, and that which is the mofl

refrangible, violet *.

* It is conjr£lured that the dlfFerent refrangibility

in the rays of light proceeds from their different

magnitude: thofe of red light, being the largeft,

make
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6. By compounding any two of the

primary colours, as red and yellow, or yel-

low and blue, the intermediate colours, as

orange or green, may be produced.

7. The colours of bodies arife from the

diipofitions to refleft one fort of rays, and

to abforb the other. Thofe that refle£l the

leaft refrangible rays appearing red ; and

.

thofe that reflect the moft refrangible,

violet *,

make the flrongcil impreffion on the retina ; and

thofe of viokl, being the fmalleit, make the weak-

efl: impreflion.

* It appears highly probable, from obfervations

made by Sir Ifaac Newton, that the difpofition of

bodies to reflect the different rays of light, arifes

from the different fize of their particles. Thus,

the azure colour of the fly, and the mofl luminous

white, as that of metals, he fuppofes to be produced

by particles of the firfl order ; but if the white be

lefs intenfe, as that of linen, paper, and fuch like

fubflances, he conjectures that it arifes from a mix-

ture of particles of all orders. The green of vege-

tables he fuppofes to proceed from the third order,

and the particles that caufe blacknefs, to be fmaller

than thofe that produce any of the colours.

8. Such
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8. Such bodies as refleft two or more

forts of rays, appear of various colours.

9. The whitenefs of bodies arifes from

their difpofition to reflect all the rays of

light promifcuoufly.

10. The blacknefs of bodies proceeds

from their incapacity to refie£l any of the

rays of light *.

RECREATION XXXIII;

Out of a Jingle colourlefs ray of light to pro^

duce /even other rays, which Jhall painty

en a white body^ thefeven primary colours

of nature,

"pROCURE of an optician a large glafs

•*•
prifm DEF, (Plate XIII. Fig. i.) well

polifhed, two of whofe fides muft con-

tain an angle of about fixty-four degrees^

Make a room quite dark, and in the win-

dow fhutter AB, cut a round hole, about

* From hence it arifes that black bodies, -when

cxpofed to the fun, become fooner heated than all

others,

one-
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one-third of an inch in diameter at C,

through which a ray of light LI paffing,

falls on the prifm DEF, by that it is

refracted out of the direction IT, in which

it would have proceeded, into another,

GH, and Ming on the paper MNSX,
will there form an oblong fpeclrum PQ,
whofe ends will be femicircular, and its fides

ftrait ; and if the diftance of the prifm from

the paper be about eighteen feet, it will

be ten inches long, and two inches wide.

Now this ipe^lrum will exhibit ail the

primary colours ; for the rays between P
and V, which are the moil refradled, will

paint a deep violet ; thole between V and

I, indigo ; thofe between I and B, blue

;

thoie betvv^een B and G, green ; thofe be-

tween G and Y, yellow ; thofe between

Y and O, orange ; and thofe between O
and R, being the leaft refracted, an in-

tenfe red*. The colours betv^^een thefe

* For this reafon it is that the rays which are

near the edges of a lens have different degrees of

refratlion>
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Spaces will not be every where equally in-

tenfe, but will incline to the neighbour-

ing colour; thus the part of the orange

next to R, will incline to a red, and that

next to Y, to a yellow ; and fo of the

reft.

RECREATION XXXIV.

F}'om two or more of the primary colours^

to compofe others that Jhall^ in appearance^

rejemble thofe of theformer,

T> Y mixing the two homogeneal colours

red and yellow, an orange will be

produced, fimilar in appearance to that

in the feries of primary colours ; but the

light of the one being homogeneal, and

that of the other heterogeneal, if the for-

mer be viewed through a prifm it will re-

main unaltered, but the other will be re-

folved into its component colours, red and

yellow. In like manner other contiguous

refraclion, and tinge the objedl with different co-

lours.

ho-
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homogeneal colours may compound new

colours ; as by mixing yellow and green, a

colour between them is formed ; and if

blue be added, there will appear a green

that is the middle colour of thofe three.

For the yellow and blue, if they are

equal in quantity, will draw the inter-

mediate green equally toward them, and

keep it, as it were in equilibrio, that it

verge not more to the one than the other.

To this compound green there may be

added fbme red and violet, and yet the

green will not immediately ceafe, but

grow lefs vivid ; till by adding more red

and violet it will become more diluted,

and at laft, by the prevalence of the added

colours, it will be overcome, and turned

into whitenefs or fqme other colour.

In like manner if the fim's white com-

pofed of all kind of rays, be added to any

homogeneal colour, that colour will not

vanifh, nor change its fpecies, but be di-

luted, and by adding more white, it will

become
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become continually more diluted. Laftty,

if red and violet be mixed, there will be

generated, according to their various pro-

portions, various purples, fuch as are not

like in appearance, to the colour of any

homogeneal light : and of thefe purples,

mixed with blue and yellow, other new

colours may be comipofed.

RECREATION XXXV.

Out of three of the primary colours^ red^

yelkw, and blue, to produce all the other

prifniatic colours^ and all that are intcr^

mediate to them.

ROVIDE three panes of glafs of a-

bout five inches fquare, (fee Plate

XIII. Fig. 2.) and divide each of them,

by parallel lines, into five equal parts.

Take three fheets of very thin paper,

which you muft paint, lightly, one blue,

another yellow, and the third red *. Then

* Yoii miifl: ufe water colours for this purpofe :

the blue may be that of Pruflia, and very bright

;

ibe
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•pafte on one of the glafTes five pieces of

the red paper, one of which inuft cover

the whole glafs, the fecond only the four

lower diviiions, the third the three lo\^cr,

the fourth the two loweft, and the fifth

the lafl divifion only. On the other two

glalTes five pieces of the blue and yellow

papers mufl be pafled in like manner.

You mufl: alfo have a box of about fix

inches long, and the fame depth and

width as the glaffes : it muft be black on

the infide : let one end be quite open,

and in the oppofite end there muft be a

hole large enough to fee the glafTes com-

pletely. It muft alfo open at the top,

that the glafTes may be placed in it con-

veniently.

When you have put any one of thefe

glafTes in the box, and the open end is

the red, carinine ; and the yellow gamboge, mix-

ed with a little fafFion. Thefe colours muft be

laid very light and even, on both fides of the

paper.

Vol. II. L turned
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turned toward the fun, you will fee five

diflind fhades of the colour it contains.

If you place the blue and yellow glafTes

toeether, in a fimilar dire6lion, vou will

fee five fhades of green diil:in6lly formed.

When the blue and red glaffes are placed^

a bright violet will be produced ; and by

the red and yellow the feveral fhades of

orange.

If, inflead of placing thefe glaffes in a

fimilar pofition, you place the fide AB
of the yellow glafs, againft the fide BD
of the blue, (Plate XIIL. Fig. 3.) you will

fee all the various greens that are produced

by nature * ; if the blue and red glaffes be

placed in that manner, you will have all

the poffible varieties- of purples, violets,

&c. and laflly, if the red and orange

* In the firft pofition of the glaffes the quan-

tity of blue and yellow being equal, the fame fort

of green was conflantly vifible : but by thus in-

verting the glaffes, the quantity of the colours be-

ing conftantly uneqinil, a very pleafing variety of

tints is produced.

glaffes
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gkfTes be fo placed, there will be all the

intermediate colours, as the marygold,

aurora, &c.

RECREATION XXXVI.

By means of the three prhiary colours^ red^

yellow^ and blue, together with light a?id

Jhade, to produce all the gradations of the

prfmatic colours.

C\^ feven fquare panes of glals paile

papers that are painted with the le-

ven prifmatic colours, in the fame manner

as in the laft Recreation. The colours

for the orange, green, indigo, and violet,

may be made by mixing the other three.

Then with biflre*, well diluted, fliade a

fheet of very thin paper, by laying it light

on both its fides. With pieces of this pa-

per cover four-fifths of a glafs, of the fame

fize with the others, by laying one piece

on the four lowed divifions; another on

* The biftre here ufed muft be made of foot, not

liiat in ftoric.

L 2 the
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the three lowell:, a third on the two low^

eft, and the fourth on the loweft divifioii

only : and 'leaving the top divifion quite

uncovered.

When one of the coloured glaffes is

placed in the box, together with the glafs

of fhades, fb that the fide AB of the

one be applied to the fide BD of the other,

as in Fig. 3. of the laft Recreation, the

feveral gradations of colours will appear

fliaded in the fame manner as a drapery

judiciouily painted with that colour.

It is on this principle that certain French

artills have proceeded in their endeavours

to imitate, by defigns printed in colours,,

paintings in oil : which they do by four

plates of the fame fize, on each of which

is eng-raved the fame deli2;n. One of

thefe contains all the fhades that are to be

reprefented, and which are painted either

black, or with a dark grey. One of the

three other plates is coloured with blue^

: another
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another with red, and the third with yel-

low : each of them being engraved in

thofe parts only which are to reprefent

that colour* and the eno-ravino; is either

fl:ronger or weaker, in proportion to ths

tone of colour that is to be reprelented f

.

Thefe four plates are then paiTed alter-

nately under the prefs, and the mixture

of their colours produces a print that bears

* When a red drapery is required, it is engrav-

ed on the pLite afTigned to that colour ; and fo of

yellow and blue : but if one of the other colours

be wanting, fuppofe violet, it muft be engraved

on thofe that print the red and blue : and fo of the

se(i. The plates of this kind have been hitherto

engraved in the manner of mezzotinto, but thefe,

unlefs they are fl-cilfuUy managed, fjon become

fmutty. Engravings in the manner of the crayon,

would perhaps anfwer better.

t The principal difilculty in this fort of engrav-

ing arifes from want of a {l;llf:l management, in

giving each plate the precife degree of engraving

<which will produce the tone of colour required. If

a bright green is to be reprefcntcd, there iliould be

an equal quantity of graving on the red and yellow

plates: but if an olive green, the vellov/ plate l::oi:ld

be cr^raved much deeper than the red.

L 3 no
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no fmall refemblance to a painting. It

rnuft be confefled, however, that what has

been hitherto done of this kind, falls far

fhort of that degree of perfedion, of

which this art appears fufceptible. If they

who engrave the beft in the manner of the

crayon, were to apply themfelves to this

art, there is reafon to expert they would

produce far more finifhed pieces than we

have hitherto feen.

RECREATION XXXVIL

'T^he magicalprifm. *

AKE a hole in the window-fhntter of-

a dark room, through which a broad

beam of light may pafs, that is to be re-

fracted by the large glafs prifm ABC,
(Plate XIII. Fig. 4.) which may be made

of pieces of mirrors cemented together,

and filled with water.

Provide another prifm DEF, made of

three pieces of wood : through the middle

of
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of this there miift pafs an axis on which

it is to revolve. This prifm mufl be co-

vered with white paper, and each of its

fides cut through in feveral places, fo as to

reprefent different figures^ and thofe of

each fide fl-iould likewife be different. The

infide of this prifm is to be hollow, and

n:iade quite black, that it may not reflect

any of the light that palTes through the

fides into it.

When this prifm is placed near to that

of glafs, as in the figure, with one of its

fides EF, perpendicular to the ray of

lio-ht, the figures on that fide will appear

perfedly white -. but when k comes into

the pofition gh, the figures will appear

yellow and red, and when it is in the po-

lition k /, they will appear blue and violet.

As the prifm is turned round its axis^ the

other fides will have a fimilar appearance.

If inftead of a prifm a four or five-fided

figure be here ufed, the appearances will

be fl:ill farther diverfified.

L ^ This
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This phenomenon arifes from the diffe-

rent refrangibihty of the rays of light.

For when the iide EF is in the pofition.

gh, it is more flrongly illuminated by the

leaft refrangible rays, and wherever they,

are predominant, the object will appear

red or yellow. But w^ien it is on the po-

rtion /' /, the more refrangible rays being

then predominant, it will appear tinged

with blue and violet.

RECREATION XXXVIII,

'T'he folar magic lantern.

13ROCURE a box, of about a foot high
X . . .

and eighteen inches wide, or fuch

other fuT.ilar dimenfions as you fiiall think

fit ; and about three inches deep. Two cf

the oppofite fides of this box muft be quite

open, and in each of the other fides let

there be a groove, wide enough to pafs a

iHff pap^r or pafteboard. Tiiis box m.ufi: be

faftened a^-ainil: a window on which the

iiin's rays fall direct. The reft of the \^dn-

dow
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(dow fhould be clofed up, that no light

may enter.

Provide feveral fheets of flifF paper,

which mull be blacked on one fide. On
thefe papers cut out fuch figures as you

fhall think proper, and placing them al-

ternately in the grooves of the box, with

their blacked fides toward you, look at

them through a large and clear glafs prifm;

and if the light be ftrong, they will* ap-

pear to be painted with the mofl lively

colours in nature. If you cut on one of

thele papers the form of the rainbow,

abdut three quarters of an inch wide, you

will have a lively reprefentation of that

in the atmoiphere.

This Recreation may be farther diver-

fified, by pafring very thin papers, lightly

painted with different colours, over fome

of the parts that are cut out : which will

2,ppear to change their colours, when view-

ed through the prifm, and to iland out

fron^
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from the paper, at difFerent diilances,

according to the difFerent degrees of re-

frangibility, of the colours with which

they are painted.

For greater convenience, the prifm may-

be placed in a ftand on a table, at the

height of your eye, and made to turn

round on an axis, that when you have

got an agreeable profpe£l, you may fix

k in that pofition. This experiment may

be made at a trifling expence ; and, if

properly conducted, will afford no fmall

entertainment.

O

RECREATION XXXIX.

^he artificial rainboiu.

PPOSITE a window into which the

fun fhines direft, fufpend a glafs

globe filled with water, by a firing that

runs over a pulley, fo that the fun's rays

may fall on it. Then drawing the globe

gradually up, when it comes to the height

of
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of about forty degrees *, you will fee, by

placing yourfelf in a proper fituation, a

purple colour in the glafs, and by draw-

ing it gradually up higher, the other prif-

matic colours, blue, green, yellow, and

red, will fucceffively appear ; after which

the colours will difappear, till the globe is

raifed to about fifty degrees, when they

will again be feen, but in an inverted or-

der, the red appearing firft, and the blue

or violet laft : and when the globe comes

up to little more than fifty-four degrees

they will totally vanifh.

Thefe appearances ferve to explain the

phenomena of natural rainbows, of which

there are frequently two ; the one being

about eight degrees above the other, and

the order of their colours is inverted, as

* That is If you fuppofe an arch of a circle to

be drawn from the horizon to the zenith, and di-

vided into ninety equal parts or degrees, the globe

mufl be raifed to the height of forty of thofe de-

grees.

in
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ill this experiment, red being the upper-

iriofl colour in the lower bow, and violet

in the other.

The rainbow is not in the clouds, but

in the falling rain, and always oppofite

the fun. The dirferent order of the co-

lours in the bows arifes from their diffe-

xent reflections ; thole of the under bow

being caufed by two refractions and one

reflection, and thofe of the upper, by twa

refractions and two reflections, and there-

fore the colours of this are lefs bright than

the other, their strength being diminilhed

by every reflection.

Now it has been proved by repeated

experiments, ihat forty degrees forms the

greateft angle by which the mofl refran-

gible rays can, after one reflection, be re-

fraCted to the eye ; and that fom.ething

more than forty-two degrees forms the

c-reateft ande, under which the leaft re-

frangible rays can come to the eye after

one



RECREATIONS. 157

one reflection. Therefore all the colours

of the lower bow muft lie in the fpace of

lefs than two degrees. In like manner it

has been proved, that fifty degrees make

the leaft angle under which the leail: re-

frangible rays can be vifible to the eye

after two refle«5lions ; and that about fifty-

four degrrees will be the leaft ansrle underO D

which the moil refrangible rays can come

to the eye after two refledions. There-

fore all the colours of the upper bow muil:

be in lefs than four degrees.

It follows from . what is here faid, that

all rainbows are of a circular form and

equal magnitude, and as they are always

oppofite the fun, the parts we fee of them

muft be in proportion to his height above

the horizon: when his altitude is -forty

degrees, only the upper rainbow can be

vifible, and v/hen it is fifty-four de-

grees there can be no rainbow : but as the

ilin's height, during the winter half year, is

never equal to forty degrees, there may

then be always two bows vifible.

RECRE-
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RECREATION XL.

I'he prifmatic camera obfcura,

•TkTAKE two holes F, /, (Plate XIII.

Fig. 5.) in the fhutter of a dark

chamber, near to each other, and againfl

each hole place a prifm ABC, and abc^

in a perpendicular direction, that their

Ipedlrums MN may be caft on the paper

in a horizontal Hne, and coincide with

each other ; the red and violet of the one

being in the fame part with thofe of the

other. The paper fhould be placed at

luch a diftance from the prifms that the

lpe£lrum may be fufficiently dilated.

Provide feveral papers nearly of the

fame dimenfion with the ipedlrum, crols

thefe papers, and draw lines parallel to the

divifions of the colours. In thefe divifions

cut out fuch figures as you fhall find will

have an agreeable effed, as flowers, trees,

animals, &c.

When
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When you have placed one of thefe-

papers in its proper pofition, hang a black

cloth or paper behind it, that none of the

rays that pafs through may be reflected,

and confufe the phenomenon. The figures

cut on the paper will then appear ftrongly

illuminated with all the original colours

of nature.

If while one of the prilins remains at

reft, the other be revolved on its axis,

the continual alteration of the colours

will afford a pleafing variety ; which may-

be farther increafed by turning the prifm

round in different dire6lions.

When the prifms are fo placed that the

two lpe£trums become coincident In an in-

verted order of their colours, the red end

of one falling on the violet end of the

other, if they be then viewed through a

third prifm DH, held parallel to their

length, they will no longer appear coin-

cident, but in the form of two diflind:

fpedrums,
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Ipeclrums, p t and ;; ;;?, (Fig. 6.) crofling

one another in the middle, like the letter

X. The red of one fpedrum and the vio-

let of the other, which were coincident at

NM, being parted from each other by

a greater refradlion of the violet to^ asid-

w, than that of the red to n and /.

This Recreation may be farther diver-

fified by adding two other prilrns, that fhall

form a fpe6lrum in the fame line, and con-

tiguous to the other ; by w^hich not only

the variety of figures, but the viciffitude of

colours will be conliderably augmented.

RECREATION XLI.

The diatonic fcale of colours.

npHE illuflrious Newton, in the courfe

of his fasfacious inveftio-ations of the

properties of light, difcovered that the

length of the fpaces which the feven pri-

mary colours pofTefs in the fpe6lrum,

exadly correfponds to tliofe of chords

'7 that
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that found the feven notes in the diatonic

fcale of mufic. As is evident by the fol-

lowing experiment.

On a paper in a dark chamber let a ray

of light be largely refra6led into the

fpeai-iim AFTMGP, (Plate XIV. Fig.

I.) and mark the precife boundaries of

the feveral colours, as a, b, c, &c. Draw

lines from thofe points perpendicular to

the oppoiite fide, and you will find that

the fpaces M rfY^ by which the red is

bounded; qpde, by which the orange is

bounded ; pocd, by which the yellow is

bounded, &c. will be in exa£t propor-

tion to the divifions of a mufical chord

for the notes of an o6lave, that is, as the

intervals of thefe numbers, i, J, i, I-, x.

Tj "cTJ -x'

Vol. II. M RECRE^
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RECREATION XLIL

Colorific muftc.

T^ATHER Callel, a Frenchman, in a

curious book he has publifhed on

Chromatics, fuppofes the note ut to anfwer

to blue in the prifmatic colours, the note

re to yellow, and ml to red. The other

tones he refers to the intermediate co-

lours, from whence he conflru^ls the fol-

lowing gamut of colorific mufic.

Ut
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following oflave ; except that the colours

are to be more vividi

He flippofes that theie colours by flrik-

mg the eye in the fame fiiccellion as the

founds (to which he makes them analo-

gous) do the ear, and in the fame order of

time, they will produce a correfpondent

fenfation of pleafure in the mind. It is

on thefe general principles, which F.

Caftel has ingenioufly dilucidated in his

treatife, that he has endeavoured, though

with little fuccefs, to eftablilh his ocular

harpfichord.

The conftrudion of this inftrument,

as here explained, will fhow that the ef-

fects produced by colours by no means

anfwer thofe of founds, and that the prin-

ciple relation there is between them, con-

fifts in the duration of the time that they

refpedively afFe£t the fenfes.

Between two circles of pafleboard, of

ten inches diameter, AB and CD (Plate

M a XIV,
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XIV. Fig. 2.) enclofe a hollow pafteboard

cylinder E, eighteen inches long. Divide

this cylinder into fpaces half an inch wide,

by a fpiral line that runs round it from

top to bottom, and divide its furface into

fix equal parts by parallel lines drawn be-

tween its two extremities ; as is expreffed

in the figure.

Let the circle AB, at top, be open, and

let that at bottom, CD, be clofed, and fup-

ported by an axis or fcrew, of half an inch

diameter, which muft turn freely in a nut

placed at the bottom of a box we fhall pre-

fently defcribe. To the axis juft men-

tioned adjuft a wooden wheel G, of two

inches and a half in diameter, and that has

twelve or fifteen teeth, which take the end-

lefs fcrew H. Let this cylinder be in-

clofed in a box ILMN (Fig. 3.) whofe

bafe is fquare, and at whofe bottom there

is a nut, in which the axis F turns. Ob-

ferv^e, that the endlefs fcrew H, fhould

come out of the box,, that it may receive

the
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the handle O, by which the cylinder is

to be turned.

This box being clofed all round, place

over it a tin covering, which mufl: be per-

forated in different parts ; from this co-

ver there muft hang three or four lights,

fo placed that they may ftrongly illumine

the infide of the cylinder. In one fide of

this box (which fhould be covered with

pafteboard) cut eight apertures of half an

inch wide, and one-third of an inch high

;

they muft be dire6tly over each other, and

the diftance between them mufl be ex-

actly two inches. It is by thefe open-

ings, which here correfpond to the muii-

cai notes, that the various colours analo-

gous to them, are to appear ; and which

being placed on the pafteboard cylinder,

as we have fhown, are reflected by means

of the lights placed within it.

It is eafy to conceive, that when the

handle O is turned, the cylinder in con-

M 3 fequence



i66 RATIONAL
fequence rifing half an inch, if it be turned

five times round, it will fucceffively fhow,

at the openings made in the fide of the box

all thofe that are in the cylinder itfelf, and

which are ranged according to the direc-

tion of the inclined lines drawn on it. It

is therefore according to the duration of

the notes which are to be expreffed, that

the apertures on the cylinder are to be

cut. Obferve that the Ipace between two

of the parallel lines drawn vertically on

the cylinder, is equal to one meafure of

time, therefore for every turn of the cy-

linder, there are fix meafiares, and thirty

meafiires for the air that is to be played

by this inflrument.

The feveral apertures being made in the

fide of the cylinder, in conformity to the

notes of the tune that is to be expreffed,

they are to be covered with double pieces

of very thin paper, painted on both fides

with the colours that are to reprefent the

mufical notes*

This
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This Recreation might be executed in

a different, manner, and with a much
greater extent ; but as the entertainment

would not equal the trouble and expence,

we have thought it llifficient to give the

above piece, by which the reader will be

enabled to judge how far the analogy fup-

pofed by F. Caftel really exifls

This article is taken from M. Guyot,

who, though he commends the good fa-

ther's ingenuity and induftry, attributes

but little merit to his fcheme. Not hav-

ing feen F. Cartel's book, we cannot pre-

tend to judge of the merit of his plan. It

is evident, however, from the foregoing

Recreation, that there is much ftronger

relation between founds and colours than

M. Guyot feems to imagine.

M 4 PER-
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PERSPECTIVE RECREATIONS.

If the following Recreations do not di-

rectly belong to optics, they have fo

great a refemblance to it, that perhaps

they could not be introduced any whsre

elfe with fo much propriety.

ANAMORPHOSES.

RECREATION XLIII.

5o draw on a planefurface an Irregular fi-

gure^ which, when fcen from a proper

point of view, will appear exad.lyftmilar

to a givenfigure.

N a paper or pafleboard draw the pa-

rallelogram ABCD (PI. XV. Fig. I.)

of what iize you pleale, provided the fides

AB and CD be lonsier than AC and

BD; let it be, for example, four inches

long and three wide. Divide it into twelve

equal parts, and each of thofe into four

other
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other equal parts *. On this parallelogram

draw the regular figure that you would

have reprefented, in a diftorted form, on

the plane.

Draw on a paper the line BA (Fig. 2.)

indefinite toward A. Directly over the

point B, mark the point of view C, and

let fall the perpendicular CB. On the

line AB mark the point C, and draw

from the point of view C, to that point

D, the line CD. On the fame line, and

at a convenient diftance from the point

C, draw the Hne FG, of the fame length

with AC (Fig, I.) let it be perpendicular

to the line CD, and by which it muil: be

l)ife6led. From the point C to F and G,

draw the two lines CF and CG, and con-

tinue them till they meet the line AB at

the points H and O.

* The fmaller tlie tlividons are, the more eafy

it will be to rcprefent the fubjedls with pre-

cifion.

The
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The line HO will then appear to the

eye C of the fame dimenfion with the

line FG, which is equal to the width of the

parallelogram ABCD, as mufl neceflarily

follow from the principle laid down in

the part of Optics ; that is, becaufe both

thefe lines appear under the fame angle

HCO.

Then divide the line FG into the fame

number of parts with the fide of the pa-

rallelogram AC, (Fig. I.) and from the

point of view C, to the line AB, draw the

Hnes CI, CL, CM, CN, through the di-

viiions in the line F G.

On another paper draw the line AB
(Fig. 3.) equal to the line CA, (Fig. 2.)

and at its extremity B, ere6l the indefinite

perpendicular BC. From the point B of

the line AB to the point E, in the fame

line, fet off a Ipace equal to the line CF,

(Fig. 2.) At the point E, divide the line

AB by the perpendicular HI, equal to

CD,
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CD, (Fig. I.) that is equal to the length

of the parallelogram. This line mufl alio

be divided into two equal parts by the line

AB.

From the point B to the points H and I,

draw the lines BH and BI, and con-

tinue them towards C and D. Take

the diflances that are between H and I,

LD, M and N, (Fig. 2.) and tranf-

pofe them to the line AB (Fig. 3.) from

A to I, L, M, N, O, and draw the lines

Y, Z, perpendicular to each of thefe divi-

fions. Divide the line CD into eight

equal parts, and draw the lines BG, BQ,

BR, BS, BT, andBV.

Thefe divifions being made, the trape-

ziumCHD I will be divided into as many

parts as the parallelogram AB C D, (Fig. i
.)

and all thefe divifions, though of them-

felves irregular, will appear to the eye,

when placed at the point C, (Fig. 2.) of the

fame
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fame figure and magnitude as the paralle-

logram : all the lines that form the divi-

fions included in the trapezium CHDI
being feen under fimilar angles. In order

to facilitate the tranfpofing the feVeral

parts of the defign contained in the paral-

lelogram, to the trapezium, it will be

proper to number the principal divifions.

The whole, moreover, fhould be traced

with great precifion *. Obicrve, that all

the right lines in the parallelogram form

as many right lines in the trapezium, there-

fore when you have marked tlieir extre-

mities, you may draw them with a ruler

from one point to the other. With re-

gard to curve lines, you will judge of their

direction by the points where they cut the

divifions of the parallelograms, and tranf-

* This method of drawing an irregular figure is

taken frcm M. Guyot, and differs from thofe "that

are given by Niceron and Ozanam, as it appears

more exafl to place the defign that is to be repre-

fented in fuch manner that the ray, or principal

point of view, may fall perpendicular on the center

of the fuppof(^d pi£lure placed at FG.

4 pofe
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pofe them to the correfponding divifions

of the trapezium.

Note, Care muft be taken that the paper

on which the diftorted figure is drawn

be well ftretched on a plane, that its fur-

face may be quite even. You fhould alfb

examine it attentively from the point of

view ; and for that purpofe it will be con-

venient to have a little circle of brafs,

through which a hole of about two tenths

of an inch is made, and placed upon a ftand

(fee Fig. 4.) By that aperture this piece

of perfpedive illufion will produce an

agreeable furprize.

Obferve that the diflance of the point

of view from the pi6lure may be taken at

pleafure, provided it be not le^ than its

width. When the point of view is near

the pi(£hire it appears more deformed than

when it is at a greater diftance, for the

parts then become more extended toward

CD ; from whence it follows, that if we

would
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would execute a defigii of this fort on the

fide of a gallery, it mufl be regulated ac-

cording to the dimenfions of the part on

which it is to be drawn. Thefe fub-

je£ts, when well executed, at full length,

are highly agreeable, and appear the more

extraordinary, as the eye not being able to

view them but by parts, (when walking in

the gallery*) we cannot form the leafl

idea of what they will prefent when feen

from a proper point of view, where the

effect is truly admirable.

* There are, at the convent of Minims in the

Palace Royale at Paris, feveral fubje6ls of this kind,

painted on the walls of the cloifter by P, Niceron,

who has publillied an excellent treatife, on this art.

Among others, the figure of a Magdalen daily ex-

cites the curiofity of a number of connoiffeurs. Un-

fortunately, thefe pieces, which have fufFered by

time, have not been properly repaired.

RECRE^



I7A-.

FtoJ.^iios.

['LATE XV.

i

Ftq-Jr-r-'

. A /i^I?

I L D M N O





RECREATIONS. 175

RECREATION XLIV.

To draw an irregular figure on a plane^

which being feen from two oppofite points

of view, fhall reprefent two different regu-

lar objeBs.

TiyfAKE choice of a plane of conveni-

ent fize, fuppofe two feet long and

half a foot wide. Draw the line AB of

the fame length, (Plate XVI. Fig. i.) con-

tinue it on each fide to C and D, and ererf

the perpendiculars CF and DG to the

height of about three inches. Draw the

lines AF and BG, and divide the line AB
into fix equal parts at the points S, or into

any other number you fhall think fit. From

the two points of view F and G draw the

lines FS and GS, to thofe fix divilions.

Then on the line GA fet off the diflance

GB, and on the Hne FB, the diflance FA,

and draw the two lines BH and A I, which

will determine the width of the two fub-

jeds
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jeds you are to reprefent on the plane,

and are to be viewed, the one from the

point F, and the other from G ; and of

which the unequal divifions formed by the

lines GS and FS, will determine thofe

that are to correlpond to the feparate

and inclined parts of the irregular figure

which is to be feen from the points of

view F and G,

This firfl: preparation being made, draw

^he parallelogram ABCD (Fig. 2.) of the

fame length with the line AB in the

preceeding figure, and about fix inches

wide : divide it into two equal parts by

the line F G, which continue to H and I,

equal to the diflance there is between CA
andDB (Fig. i.)

From the points AOSB (Fig. i.) let

fall the perpendiculars A A, OL, SL, and

Be, on the line AC (Fig. 2.) and from

the points L draw the lines LM parallel

to AB.

From
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From the four angles of the parallelo-

gram i\BCD, draw the lines A I and B

I

to the point of view I, and thole of G H
and D H to the other point of view H

;

thefe lines will determine by the fedions

at X and Y the apparent height of the

fi^rure.

Then divide the lines AB and CD, in-

to as many equal parts as you fhall think

proper, and from thofe points draw the

lines NI and NH.

Next, draw on a paper the two paral-

lelograms FGHI, LMNO, (Fig. 3.) and

on them you are to draw the tv/o different

defigns that you would reprefent in the

djftorted figure. Let each of theie paral-

lelograms be of an equal height with the

diftance XY, (Fig. 2.) and of the fame

length as HB (Fig. i.) Divide their

height FH or LN, according to the divi-

fions of the line XY (Fig. 2.) and their

length HI or NO, according to thofe of

thehneBH (Fig. i.)

Vol. II. N after
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After having drawn the two defigns, as

corre£lly as poilible, on the divifions juft

mentioned, take a board or pafteboard

ABCD (Fig. 4.) of the fame dimenfions

with the parallelogram ABCD, (Fig. 2.)

and on it draw the lines LM, correfpond-

ing to the perpendiculars let fall from

OS. (Fig. I.) Thefe lines fhould be drawn

fufficiently deep to admit the folds of

paper hereafter mentioned.

Take a very thin paper ABCD (Fig. 5.)

of about two feet and a half long, and fix

inches wide, and on it draw parallel

lines, at diftances correfponding to A O,

OS, SO, Sec. (Fig. I.) which you will

mealiire with a compafs from the angles

on the line AB (Fig. i.)

Divide this paper into two equal parts

by a line drawn from the points X and Y,

and obierve that it is on the fpaces I?, i?, 6,

&c. that you are to draw the irregular

£gure which is to be (een from the point F

;

and
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und on thofe of c, c, c, &c. that which is

to be {qqi\ from the point G.

On each of thefe {paces draw the lines,

not punaiiated, of the parallelogram

ABCD (Fig. 2.) that terminate in the

points H and I. Then trace on the fame

paper all the ftrokes of the two figures

drawn on the two parallelograms, (Fig. 3.)

carefully obfcrving the ieveral divifions

to which they correlpond.

When this irregular figure is quite finifli-

cd, fold the paper according to tlie di-

vifions that have been drawn on it, fo

that each of the divifions S, may turn one

way, and each of the divifions O, the other

way, and pafte the whole on a board, in fuch

a manner that the folds made on the blank

fide of the paper, may anl^^'er to the lines

traced in the board. On the paper thus

pafted lay Ibmething that may keep it in

proper form till the pafte is dry. Then

let it be lb placed that fix of its divifions

N z may
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may be oppofite to each of the points of

view F and G.

To diftingiiifh the objects on the paral-

lelogram with greater preciiion, you muft

have (as in the foregoing Recreation) two

little circles, with a fmall hole in each,

and place them exactly on the points of

view that have been fixed. The eye being

then placed at either of thofe points,

will difcern the regular figure ; but

when the fcheme is viewed in front, it

prefents a form fo diftorted that it is im-

poffible to conjedlure what it is intended

to reprefent.

Obferve, This defign differs in the con-

ftrudion from that in the firfl: Recreation ;

as here, the divifions drawn on the irregu-

lar figure regulate thofe of the two other

figures. It is indeed more difficult, but;

then it is alfo more entertaining ; and with

a little application it may be eafily exe-.

cuted, as nothing more is necefTary than,

to
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to transfer the divifions carefully from

one figure to the other.

To perform this fort of anamorphofis

with more celerity, you may draw the

plan on a pafteboard, and placing a tranf-

parent paper over it, trace the fubjeft

thereon ; the fame pafleboard will ferve

to execute, equally well, all forts of fub-

jeds.

RECREATION XLV.

To draw on the hafe of a cone, an irregular

jigure, whichJhall appear, whenfeenfrom

a proper point of view, not only regular^

but elevated above the furface of the cone,

HPHE geometric method that might

be here given for drawing the figure

propofed, being extremely tedious and

difficult, on account of the various curves

that it is neceffary to draw on the bafe of

the cone, we fliall here delcribe a more

iimple method, by making ufe of a lamp.

This method may likewife be ufed in the

N 3 drawing
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drawing diftorted fubjeds on all irregular

furfaces, whatever their figure may be.

Let EFG (Plate XVII. Fig. i.) be the

cone, on the bafis of which a diilorted

figure is to be drawn, that being viewed

from the point FI, fhall appear regular,

and exadlly refembling that which is

placed at NM. Place the cone in a cir-

cular overture made in the board ABCD,
which fhould be fupported by four feet,

that the point of the cone may not touch

the table on which it ftands. Fix at the

end of the board an upright piece I, that

is to hold a finall circle of brafs, through

which is made a hole FI, of two tenths of

an inch in diameter, that ferves t\ji' the

point of view.

Prepare a lamp as A, (Fig. 2.) the light

of which may be raifed or lowered at plea-

fure, and to which is fixed a brafs arm

BC, bearing a fort of funnel D, in the

ftape of a truncated cone, andwhofe open-

ing
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ing at the end next the light is not more

than three or four tenths of an inch in

diameter.

Draw the fuhje6l you would represent

on the bafe of the cone, on a piece of

glafs of equal height with the tpace MN *,

that is of the apparent height of the dia-

meter EF, of the bafe of the cone when

feen from the point H ; place it perpen-

dicular on the board at the point F, that

is, at the extremity of the cone.

Thefe preparations being made, take

away the piece that bears the point of view

H, and place the lamp, fo prepared in fuch

manner that the light may be exadly where

the point H was. Its rays then pall-

ing through the glafs at MN, will en-

* It muft be drawn with a very light ftroke, and

you mini make uG of a colour that is quite opaque.

N 4 lighten
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lighten all the lower furface of the cone,

and there fhow, in a diltorted form, the

fubje<5l that is painted on the glafs.

Then draw with a pencil all the ftrokes

6f the fhado\v that are on the cone ; and

taking a\^'ay the light, place the point of

view H, and fee if what you have drawn

correspond with the fubje^t on the glafs,

corre6llng what imperfedlions there may

chance to be. In the lail: place, colour

the fubject fo traced on the cone, with the

utmoft attention, infpeding your work

from time to time from the point of view,

before vou 2;ive it the iinifhino; flrokes.

When the figure that is drawn and

painted on the bale of the cone is viewed

from the point H, it appears to be

at the lame point where the glafs MN
was placed, and in the fame form that

it was painted on that glafs. The ey^

even perceives it above the furface of

the board in which the cone is placed,

and
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and thereby receives a remarkable and

pleafing illiilion.

Note, This manner of drawmg diilort-

ed 'figures by means of a lamp and trans-

parent glafs, may be. advantageoully ufed

for all irregular figures, that are dif-

ficult to draw geometrically. The fub^

je^ts that are drawn on the glafs may

alio be fhaded and coloured, in the fame

manner as for the camera obfcura ; in or-

der to have the appearance of colours on

the diftorted pidure.

If a circle be deferibed on paper or

pafleboard, and placed firm upon the

table, where the cone is flippofed to be,

it will have preciiely the fame effect.

RECRE-
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RECREATION XLVI.

'To draw, eafily and correctly, a landfcape

or any other ohjetl, without being obliged

to ohferve the rules of perfpe&tve, and

without the aid of the camera obfcura.

PROCURE a box of pafteboard ABCD
(Plate XVII. Fig. 3.) of about a foot

and a half long, and made in the fhape

of a truncated pyramid, whole bafe

BDFG is eight inches v/ide, and fix

inches hio;h. Fix to the other end of it a

tube of four or five inches long, and

which you can draw out from the box

more or lefs. Line the infide of the box

with black paper, and place it upon a leg

or fland of wood II, and on which it may

be elevated or deprefifed by the hinge I.

Take a fmall frame of wood x^BCD

(Fig. 4.) and divide it at every inch by lines

of black filk drawn crofs it, forming forty-

eight
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eight equal parts ; divide thele into

flill fmaller equal parts, by lines of finer

filk * : fix this frame at the end B D, as

the bafe of the pyramid.

Provide a drawing paper, divided into

the fame number of parts as is the frame,

by lines lightly drawn in chalk. It is

not material of what lize thefe diviii-

ons are ; that will depend entirely on the

fize you propofe to draw the objccls by

this inftrument.

Place this inftrument oppofite a land-

fcape, or any other objecl: that you v/ant

to draw, and fix the leg firmly on, or in

the ground, that it may not fhaks : then

turning it to the iide you choofe, raife or

incline it, and put the tube farther in or

out, till you have gained an advantageous

view of the objedl you intend to draw,

* The different fize of the filk ferves to diftin

guifli more readily the corrcfpondin^ divifions.

Place
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Place yourfelf by the inflrument *,

which you have adjufted to the height of

your eye, and looking through the tube,

carefully obferve ail that is contained in

each divifion of the frame, and tranfpoie

it to the correfponding divifion in your

paper : and if you have the leaft know-

ledge in painting, or even drawing, you

will make a very pleafing pi6ture, and

one in which all the obje£ls will appear

in the moll exact proportion.

Note, By the fame method you may

draw all forts of objects, as archite6lure,

views, &c. and even human figures, if

they remain fome time in the fame atti-

tude, and are at a proper difi:ance from

the infln-iment.

* You may provide yourfelf with one of thofo

flools that fold up, and are eafily portable.

RECRE-
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RECREATION XLVII.

Illuminated profpe&s,

PROVIDE yourfelf with fome of thofc

prints that are commonly ufed in op-

tical machines, printed on very white and.

very thin paper ; taking care to make

choice of fuch as have the greateil: efFe<3:

from the manner in which the objects are

placed in perfpe6live. Pafte one of theie

on the borders of a frame, and paint it

carefully with the mofi: lively colours,

making ufe of none that are terreftrial.

Obferve to retouch thoie parts feveral

.times where the eno-ravinsr is flronsfefl: *«

then cut off the upper part or Iky, and fix

that on another frame.

The prints being thus prepared, place

em in a box ABCD (Plate XVII. Fig. 5.)the

* When you colour a print, place it again't a

plate of glafs, in an ercd poiition before you, that

it may be enlightened by the fun. You may alfo

colour both fidei> oi the pnnt.

the
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the opening to which EFGH, fhould be

a Httle lefs than the print. Cover this

opening with a glafs, and paint all the

ipace between it and the prints, which

fhould be about tw^o or three inches,

black. The frame that contains the fl^y

fhould be about an inch behind the other.

In the back part of this box, which is

behind the prints, and which may be

about four inches deep, place four or

five fmall candlefticks to hold wax lights,

and cover that part entirely with tin,

that it may be the more luminous.

When the print is placed between the

wax lights and the opening in the front of

the box, and there is no other light in the

room, the effecl v/ill be highly pleafing
;

efpecially if the lights are at a fufficient

diftance from each other, and not too

ftrong, that they may not occafion any

blots in the print. Thole prints that re-

prefent the riling or fetting of the fun

will have a very piclurefque appearance.

Such
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Such as reprefent conflagrations have alfa

a ftriking efPeft.

Note, There fliould be two grooves for

the print next the glafs, that you may in-

fert a fecond fubje£l before you draw away

the firft : and that the hghts in the back

of the box may not be difcovered.

You muft not, thinkins; to make the

print more tranlparent, cover it with

varnifh : for that will prevent the gra-

dation of the colours from being vifible.

The frame fhould enter the fide of the box

by a groove, that a variety of fubje£ts may

be introduced.

RECREATION XLVIII.

'T'ranjparent illuminat'ioyis

.

'T'HE box that is to enclofe thefe fubje^lis

mavbe made in the fame manner with

that of the preceding Recreation, only

obferving that it will be proper to aug-

ment
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ment the number of lights, and employ

£ich prints as are agreeable to the fubjedl.

With a very fmall circular tool you are

to cut out all the places where the light is

intended to appear, or where it is exprelT-

ed, if the print reprefent an illumination.

Particular care muft be had to make ufe

of the finefl: tools in thofe parts of the print

that are intended to appear at the greatefl

diftance.

Thefe prints mufl: by no m.eans be tranf-

parent, like thofe in the preceding Recre-

ation ; on the contrary, they fhould be

printed on a thick paper, or rather it

Ihould be doubled, that very little of the

engraving may appear. Behind the print

mufl: be placed a very fine traniparent pa-

per, varnifhed, fixed on a frame, and

lightly painted with a deep yellow, or

faffron colour, which muft be laid on

thickefl at thofe places that are oppofite

the parts of the print that are to appear

at: the greatefl diftance.

The
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The fetting of the fun, fucceeded by a

night ^fcene, may be very pleafingly re-

prefented in this method* Thus : procure

a landfcape, in which is the figure of the

fetting lun, illuminated as above defcrib-

ed. Let the bottom of this fcene refl

upon an upright board in the box, of

about two or three niches high, and let it

be gradually moved off that board, and

lowered down to the bottom of the box,

on the fide next the glafs, by which means

the fun will appear to defcend. Let the

lights then be gradually withdrawn : and

change the firfl landfcape for a night

fceiie, with the moon and ftars, properly

perforated. The yellow paper muft be

changed for one that is white and tranfpa-

rent, and the lights be again introduced,

when the moon, flars, and other illumi-

nated parts will appear in their natural

form. For the more eafy removing of

the lights they may be all placed upon

one ftand, but at diiferent diftances.

Vol. II. O This
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This piece of illumination might alfa

be put into the comnfton optical machine ;

but the magnifying glafs there ufed confi-

derably enlarging the objed, the light

refleded by the cut and tranfparent parts,

then becomes greatly weakened, as it takes

up a much larger fpace ; and that greatly

diminifhes the vivacity which is neceffary

to imitate nature, and to produce the il-

lufion. If, however, you are defirous of

viewing this piece by the magnifier, you

mull; take away the inclined mirror which

is placed in thofe fort of optical ma-

chines, and place the tranfparent pidure

or print in the front of the glafs ; or other-

wife it will be fcarce poflible to render it

luminous, except by reflection, which af-

fords but a very feeble light.

ACOUS-
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ACOUSTICS.
^9S

^T^HE fcience of acouftics inftru£ls us In

the nature of found. It is divided

by fome writers into diacouflics which

explains the properties of thofe founds

that come diredly from the fonorous bo-

dy to the ear ; and catacouftics, which

treats of refleded founds ; but fuch dif-

tin£lion does not appear to be of any real

utility.

DEFINITIONS.
1. Sounds are either acute or grave,

(imple or compound.

2. Thofe founds that are fhrill or fharp

are called acute : and

3. Thofe that are deep or hollow, are

called grave founds.

4. A fimple found is that produced by

a {ingle flroke on a fonorous body ; and

compound founds are thofe that proceed

from feveral bodies ftruck at the fame

time, or from feveral ftrokes on different

parts of the fame body.

O 2 5- A
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5. A chord is a firing of catgut, brals

wire, &c. fo ftretched as when flruck to

yield a diflind found.

6. A vibration is the regular, alternate

motion of bodies, by which, when put

out of their natural ftate, they endeavour

to return to it. Thus the ftring AB (PI,

XVIir. Fig. I .) being forced out of its na^

tural pofition to that of A c B, vibrates to

J, and then to e^f^ g, &c. till it returns

to its firft flate at AB.

APHORISMS.
^ . All found is produced by an undula-

tory or wave-like motion of the air *, ex-

cited by the vibrations of a fonorous body

proceeding from a flroke of fome other

body.

2. Acute founds arlfe from quick vibra-

* That air is the medium of found is evident from

9 bell placed in the receiver of an air-pump, which

tnay be heard to a confiderable diftance before the air is

exhaufted, but after can ffi^rce be diilinguifhed when

^uite near-.

tiou«
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tlons of the parts of a body, and grave

founds from flow vibrations.

3. Smooth and clear founds proceed

from bodies that are homogeneous, and

of an uniform figure ; and harfh or ob-

tufe founds, from fuch as are of a mixed

matter and irreo-ular figure.

4. In bodies of a fimilar figure and di-

menfion, and of equal elafticity, their

tones are equal to their denfities : the den-

fer the body the graver is the tone

;

therefore a bar of gold mull: have a graver

found than one of filver, of equal dimen-

fions ; fuppofing them to be of equal

elafticity.

5. If two bodies are compofed of the

fame matter, and are of fimilar figure,

their tones will be in proportion to the

quantities of matter. Thus, the tones of

two globes of brafs will be to each other

in proportion to their diameters.

6. The vibrations of chords is in pro-

portion to their lengths, diameters, and

tenfion,

O 3 7, AU
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7. All the vibrations of the fame chord,

as A^B, (Plate XVIII. Fig; i.) A ^B,

A ^ B, &c. are made in the fame time.

8. If two chords are of the fame dia-

meter or thicknefs, and equally ftretched,

their vibrations, in the fame time, will be

in proportion to their lengths inverfely,

that is, a chord of fix inches will make

two vibrations, while a chord of twelve

inches make one *.

9. If two chords frequently vibrate to-

gether they produce a concord ; and the

more frequent the coincidence of vibra-

tion, the more pleafuig the concord.

* From hence we learn how to divide any chord

fo that it may found the fcven concords : as

thus, divide the line AB (Plate XVIII. Fig. 2.)

into two equal parts in C, and CB into two equal:

parts at D, and CD into two equal parts at

E. Then A C will be to A B as i that is, in oclave ;

AC to AD as I, a fifth ; A D to AB as |, a fourth ;

AC to A E as 4., a third greater ; A E to A D as |-,

a third lelTer ; E B to A E as A, a fixth greater ; and

AE to AB as |, a fixth leffer.

10. Sound
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10. Sound is propagated in concentric

circles every way round the fonorous

body *.

11. All founds, whether great or fmall,

are of equal velocity.

12. The Ipaee pafTed over by found is

conftantly equal in equal times, whether

it come from a greater or lels diftance.

13. The motion of found is at the rate,

of 1 142 feet in a fecond, and no obflacles-

obftrud its progrefs ; a contrary wind only

a fmall matter diminifliing its velocity
-f. i

* The diftance to xvhich founds may be heard is

very great. Authors of credit relate that the found

of cannon has been heard i8o and 200 miles.

t By this axiom we are enabled to find the diilance

between the objeds that Avould be otherwife immea-

furable. For example, fuppofe you fee the flafli of a

gun in the night at fea, and tell feven feconds before

you hear the report, it follows therefore, that the dif-

tance is feven times 11 42 feet; that is twenty-four

yards more than a mile and a half. In like manner

if you obferve the number of fcconds between the

lightning and the report of the thunder, you know

ihe dillance of the cloud from whence it proceeds.

O 4 14. The
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14. The velocity of found is to that of

a brilk wind as fifty to one.

15. The ftrength of founds is greateft

in cold and denfe air, and leafl in that

which is warn; and rarefied.

16. In all founds the angle of inci^

dence is equal to that of reflection, that

is, if a line be drawn perpendicular to

the refle6ling liirface, the point frora

which the found ilTues, and that to which

it is refle6led, will be equally diflant frona

the perpendicular line.

RECRE-
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RECREATION XLIX.

'the MoUpiles,

N asolipile is a fmall globe of brafs or

other metal, into which a flender

neck or pipe is inferted. This ball,

when made red hot, is caft into a veflel

of water, which will rufti into its cavity,

then almoft void of air. The ball beinsr

then fet on the fire, the water, by the

rarefaction of the internal air, will be

forced out in fleam, by fits, with great

violence, and with a ftrange noife.

If to the necks of two or more of thefe

aeolipiles there be fitted thofe calls that are

ufed by fowlers and hunters, and the aeoli-

piles be then placed privately on the fire

;

as the fleam ruflies forth they will make

fuch a horrible noife, that a perfon who

is io^norant of the contrivance cannot fail

being greatly aflouifhed.

Great
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Great care ihould be taken that the neck

of the a^olipile be not flopped when it is

placed on the fire, for in that cafe it would

burft, and might do no fmall mifchief,

RECREATION L.

'the communicative bujis^

T ET there be two heads of plafter of

Paris, placed on pedeflals, on the op-

pofite fides of a room. There mufl be a

tin tube of an inch diameter, that muft

pafs from the ear of one head, through

the pedeflal, under the floor, and go up

to the mouth of the other. Obferve,

that the end of the tube which is next the

ear of the one head, fhould be confider-

ably larger than that end which comes to

the mouth of the other. Let the whole

be fo difpofed that there may not be th^

leaft fulpicion of a communication,

Now, when a perfbn fpeaks, quite low-,

into the ear of cjie buil:, the found is re-

verber-
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vcrberated through the length of the tube,

and will be diftindly heard by any one

who fhall place his ear to the mouth of the

other. It is not neceffary that the tube

fhould come to the lips of the buft. If

there be two tubes, one going to the ear,

and the other to the mouth of each head,

two perfons may converfe together, by

applying their mouth and ear reciprocally

to the mouth and ear of the bufls ; and at

the fame time other perfons that ftand in

the middle of the chamber, between the

heads, will not hear any part of their con-

yerfation.

RECREATION LI.

T^he oracular head,

TpLACE a bufl on a pedeftal in the cor-

ner of a room, and let there be two

tubes, as in the foregoing Recreation, one

of which muft go from the mouth, and the

other from the ear of the bufl, through

the pedeflal, and the floor, to an under a-

2 partment.
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partment. There may be likewife wires

that go from the under jaw, and the eyes

of the buft, by which they may be eafily

moved,

A perfon being placed in the under

room, and at a fignal given applying his

ear to one of the tubes, will hear any

queftion that is alked ; and immediately

reply, moving at the fame time the mouth

and the eyes of the buft, by means of the

wires.

RECREATION LII.

Afolarfonata,

T N a large cafe, fuch as is ufed for dials

and fpring clocks, the front of which,

or at leafl the lower part of it, muft be of

glafs, covered on the infide with gauze, let

there be placed a barrel organ, which,

when wound up, is prevented from play-

ing, by a catch that takes a toothed wheel

at the end of the barrel. To one end of

this
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this catch there muft be joined a wire, at

the end of which there is a flat circle of

cork, of the fame dimenflon with the in-

fide of a glafs tube, in which it is to rife,

and fall. This tube muft communicate

with a refervoir that
.
goes acrois the front

part of the bottom of the cafe, which is to

be filled with ipirits, fuch as is ufed in

thermometers, but not coloured, that it

may be the better concealed by the gauze.

This cafe being placed in the fun, the

ipirits will be rarefied b^ the heat, and rif-

ing in the tube, will lift up the catch or

trigger, and fet the organ in play ; which

it will continue to do as long as it is kept

in the fun ; for the Ipirits cannot run out

of the tube, that part of the catch to

which the circle is fixed being preventeH

from rifing beyond a certain point, by a

check placed over it. Care muft be taken

to remove the machine out of the fiin be-

fore the organ runs down, that its ftopping

may be evidently effeded by the cold.

4 When
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When the machine is placed againfl the

fide of a room on which the flin fhines

flrong, it may conftantly remain in the

fame place, if you inclofe it in a fecond

cafe, made of thick wood, and placed at a

little diftance from the other. When you

want it to perform, it will be only necef-

iary to throw open the door of the outer

cafe, and expofe it to the fun.

Eut if the machine be moveable, it will

perform in all feafons by being placed

before the fire ; and in the winter it will

more readily flop when removed into the

cold.

A machine of this fort is faid to have

been invented by Cornelius Dreble, in

the laft century. What the conftru£lion

of that was we know not ; but might very

likely be more complex, but could fcarce

anfwer the intention more readily.

RECRE.
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RECREATION LIII.

^n automatons harpfichord,

T TNDER the keys of a common harp-

fichord let there be fixed a barrel,

fomethino^ like that in a chamber oro-an.

with flops or pins correfponding to the

tunes you would have it play. Thefe

flops mufl be moveable, fo that the tunes

may be varied at pleafure. From each of

the keys let there go a wire perpendicular

down ; the ends of thefe wires muft be

turned up for about one-fourth of an

inch. Behind thefe wires let there be

an iron bar, to prevent them from going

too far back. Now, as the barrel turns

round, its pins take the ends of the wires,

which pull down the keys, and play the

harpfichord. The barrel and wires are

to be all enclofed in a cafe.

In the chimney of the fame room where

the harpfichord flands, or at leafl in one

adjacent,
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adjacent, there muft be a fmoke jack,

from whence comes down a wire, or cord,

that, pafTing behmd the wainfcot adjoinmg

the chimney, goes under the floor, and

up one of the legs of the harpfichord

into the cafe, and round a froall wheel

fixed on the axis of that firfl: mentioned.

There fhould be pullies at different dif-

tances, behind the wainfcot and under

the floor, to facilitate the motion of the

chord.

This machinery may be applied to any

other keyed inftrument, as well as to

chimes, and to many other purpofes where

a regular continued motion is required.

An inftrument of this fort may be con-

fidered as a perpetual motion, according

to the common acceptation of the term,

for it will never ceafe going till the fire

be extinguilhed, or fome parts of the ma-

chinery be worn out.

RECRE^
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RECREATION LIV.

A ventofalfymphony,

A T the top of a fummer-houfe, or other

buildingj freely expofed to the wind,

let there be fixed the wings, or compound-

ed vane AB (PL XVIII. Fig. 3.) on which

is the pinion C, that takes the toothed

wheel D, fixed on the axis EF, which at

its other end carries the whed G, that

takes the pinion H. All thefe wheels and

pinions are to be between the roof and the

cieling of the building. The pinion H is

fixed to the perpendicular axis IK, which

goes down very near the wall of the room,

and may be covered after the fame man-

ner as are bell wires. At the lower end

of the axis IK there is a fmall pinion L,

that takes the wheel M, fixed on the axis

of the great wheel NO. In this wheel

there mufl be placed a number of ftops,

correfponding to the tunes it is to play.

Thefe ftops are to be moveable that the tunes

may be altered at pleafure. Againfi: this

Vol. II. P wheel
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wheel there muil: hang twelve fmall bells,

anfwerins; to the notes of the g-amut.

Therefore, as the wheel turns round, the

flops ftriking againft the bells, play the

feveral tunes. There Ihould be a fly to

the great wheel, to regulate its motion

when the wind is ftrong. The wheel NO,
and the bells, arc to be enclofed in a cafe.

There may be feveral fets of bells, one

of which may anfwer to the tenor, another

to the treble, and a third to the bafe ; or

they may play different tunes, according

to the fize of the wheel. As the bells are

fmall, if they are fdver, their tone will

be the more pleafing.

Inflead of bells, glaffes may be here

ufed, fb dilpofed as to move freely et the

ftroke of the flops. This machinery may

likewife be applied to a barrel-organ ; and

to many other ufes.

RECRE.
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RECREATION LV.

T'he no&urnal rcveiileur,

A GA IN ST the wall of a room, near the

deling, iix a wheel of 12 or 18

inches diameter ; on the rim of which

place a number of bells in tune, and, if

you pleafe, of different fizes. To the axis

of this wheel there ihould be fixed a fly to

regulate its motion ; and round the cir-

cumference there muft be wound a

rope, to the end of which is hung a

weight.

Near to the wheel let a ftand be fixed,

on which is an upright piece that holds a

balance or moveable lever, on one end of

which refts the weight jufh mentioned, and

to the other end muft hang an inverted

hollow cone, or funnel, the aperture of

which is very fmall. This cone muft be

graduated on the infide, that the fand put

P 2 in
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in may anfwer to the number of hours it

is to run. Againft the upright piece, on

the fide next the cone, there mufl be fixed

a check, to prevent it from defcending.

This ftand, together with the wheel, may

be enclofed in a cafe, and fb contrived

as to be moved from one room to another

with very httle trouble.

It is evident from the confl:ru6lion of

this machine, that when a certain quanti-

ty of the fand is run out, the weight will

defcend, and put the wheel in motion,

which motion will continue till the weis^ht

comes to the ground. If the wheel be re-

quired to continue longer in motion, two

or more pullies may be added, over which

the rope may run.

The fize of the bells fhould be adapted

to the fomniferous difpofition of the par-

ty they are intended to rouze : or if you

pieafe, a drum or tabor may be added,

the
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the flick to which may be fixed in the

fide of the room, by a fwivel that goes

through the middle of it ; and one end of

it being hfted up by teeth placed on the

circumference of the wheel, the other

end will alternately ftrike the drum.

P J RECRE-
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RECREATION LVI.

A mujlcal cafcade.

"TXTHERE there is a natural cafcade,

near the lower ftream, but not in

it, let there be placed a large wheel, equal

to the breadth of the cafcade : the diame-

ter of this wheel, for about a foot from

each end, mufl be much lefs than that of

the middle part ; and all the water from

the cafcade mufh be made to fall on the

ends *. The remaining part of the wheel

which is to be kept free from the water,

mufl confift of bars, on which are placed

flops that ftrike againft the bells, as in the

54th recreation : thefe ftops muft likewife

be moveable, but larger than in that Re-

creation, as- well as the bells, that they

may be heard much farther. It is evident

* The water that falls on the wheel may pafs thro*

pipes, fo that part ot it may be made occafionally to

pafs over or fall lliort of the wheel, as you would have

the time of the mufic quicker or flower.

from
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from the conil:ru£lion of this machine,

that the water falUng on the floats at the

ends of the wheel, will make the flops,

which are adapted to different tunes, ftrike

the notes of thofe tunes on the refpedive

bells. Two or three fets of bells may

here be placed on the fame line, when

the cafcade is flifficiently wide.

Where there is not a natural cafcade,

one may be artificially confl:ru£led, by

railing part of the ground, wherever

there is a defcent of water ; whether it be

a ftream that fupplies a refervoir or foun-

tain, or ferves domeftic ules ; or if it be

refufe water that has already ferved fome

other purpofe.

RE-
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RECREATION LVII,

Reverberatedfounds^

C OUND, like light, after it has been re^

fieded from feyeral places, may be

colle£led in one point, as in a focus

;

and it will be there more audible than in

any other part, even than at the place

from whence it proceeded. On this prin-

ciple it is that a whiipering gallery is con-

ftruiled.

The form of this gallery muft be that of a

concave hemifphere *, as ABC (PL XVIII.

Fig. 4.) and if a low found or whifper be

uttered at A, the vibrations expanding

themfelves every way will impinge on the

points DDD, &c. and from thence be re-

flecSled to EEE, and from thence to the

points F and G, till at lafl they all meet

* A cylindric or elliptic arch will anfwer Itill better

than one that is circular,

in
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in C, where, as we have faid, the found

will be the moft diftindlv heard.

Upon this principle alio it is that the

jfpeaking trumpet is formed. For the found,

in paffing through • the long and narrow

part of the tube, is continually refle^led

from its curved lide into the axis, and by

that mean is prevented from Spreading till

at its exit from the tube, whereby the

ilrength of the found is greatly increafed.

As by the laft aphorifm, page 200, the

angle of reflected Ibund is equal to that

of its incidence, if we know the point

from which any found proceeds, and the

place from which it is reflected, we may

eaflly find the point in which its echo will

be heard.

To hear the echo of one f)'llable, we

muft be at the diftance of 1 20 feet from

the refle6ling furface : for t\^'o lyllables,

240 feet ; for three lyllables 360 feet, &c.

For
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For when we fpeak diflinclly we fcarcc

pronounce more than three <xr three lyl-

lables and a half in a fecond ; and as by

aphorifm 13, found goes 11 42 feet in a

fecond, if the diflance between the Ipeaker

and the refle£ling furface were lefs than

^60 feet, the firfl fyllable would be re-

turned before the lafh was pronounced *,

and therefore the echo could not be dif-

linclly heard. The echo in Woodftock

Park is faid to return 17 fyllables in the

day, and 20 in the night: for then the air

being colder and denier, by aphorifm 15,

the ftreno-th of the found mufl be orreater.

From hence we may determine nearly,

the diftance of an obje£l that is inaccef-

* According to the aphorifm, the diflance fliould

be 380 feet ; for the firll fyilable mufl: go as far as

is et^ual to the time the two laft fyllables are pro-

nouncing, that is, two thirds of a fecond ; therefore

the diflance fhould be equal to two-thirds of 1 142

feet, or 760I-, that is, 380J going and coming.

But as fome time muil be allowed for the refledl-

ing furface to be made to vibrate by the impinging

found, the firft diflance, 360 feet, v^ ill be very near

the truth.

fible ;
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fible ; for if an echo of i o fyllables be re-

fle6led from the fide of a church or tower,

it follows, from what has been faid, that

the object muft be 1 200 feet diftant.

The fame found may have feveral echoes,

if there be feveral reflecting furfaces fo dif^

pofed as to make it reverberate to the fame

point. Thus a violin or other inftru-

ment, when founded in a room where

there are feveral arches of the fame form,

will found like a number of violins of

the fame fize playing in concert : or if

the arches be of different forms, there

will feem to be different inftruments play-

ing the fame tune.

RECRE-
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RECREATION LVIIL

^he converjtveJiafue.

"pLACE a concave mirror of about two

feet diameter, as AB* (Plate XVIII,

Fig. 5.) in a perpendicular direction. The

focus of this mirror may be at 1 5 or 1

8

inches diftance from its furface. At the

diflance of about five or fix feet let there

be a partition, in which there is an open-

ing EF, equal to the lize of the mirror

;

againft this opening mufl be placed a

pidure, painted in water-colours, on a

thin cloth, that the found may ealily paft

through it f,

* Both the mirrors here iifed may be of tin or gilt

pafteboard, this experiment not requiring fuch as are

verv accurate.

t A Recreation of this kind may be performed

in a field or garden, between two hedges, in one

of which the mirror AB may be placed, and in

the other an opening artfully contrived. The

more effedlually to conceal the caufe of this

illufionj
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Behind the partition, at the diftance of

two or three feet, place another mirror

GH, of the fame fize as the former, and

let it be diametrically oppofite to it.

At the point C let there be placed the

figure of a man feated on a pedeftal,

and let his ear be placed exactly in the

focus of the firft mirror; his lower jaw

mull be made to open by a wire, and fliut

by a fpring ; and there may be another

wire to move the e}es ; thefe wires mufl

pals through the figure, go under the

floor, and come up behind the par-

tition.

Let a perfon, properly inftru£led, be

placed behind the partition near the mir-

ror. You then propofe to any one to

fpeak foftly to the flatue, by putting his

illufion, the mirror AB may be fixed in the waln-

Icot, and a gauze, or any other thin covering, thrown

over it, as that will not in the leaft prevent the found

from being reflected.

rnouth
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mouth to the ear of it, afTuring him that

it will anfwer inftantly. You then give

the fignal to the perfon hehind the par-

tition, who, by placing his ear to the

focus I, of the mirror GH, will hear

diftin6lly what the other faid, and mov-

ing the jaw and eyes of the ftatue, by

the wires, will return an anfwer diredly,

which will, in like manner, be diftindtly

heard by the firfh Ipeaker.

Remark. This Recreation appears to

be taken from the Century of Inventions

of the Marquis of Worcefter; one of

thofe men of iiiblime genius, who are

able to perform adlions infinitely fupe-

rior to the capacity, or. even the compre-

henlion, of the mere fcholar or m.an of

buiinefs ; and though his defigns, at the

time they were publiihed, were treated

with ridicule and neglect, by the

great and little vulgar, who, judging by

their own abilities, are ever ready to

condemn what they cannot comprehend,

8 yet
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vet they are now known to be generally,

if not univerfally, practicable. The

words of the Marquis are thefe :
" How

to make a brazen or ftone head, in the

midft of a great field or garden, fo arti-

ficial and natural, that, though a man

Ipeak never fo foftly, and even whlfper

into the ear thereof, it will prefently

open its mouth, and refolve the queftion

in French, Latin, Welch, Irifh, or Eng-

lifh, in good terms, uttering it out of its

mouth, and then fhut it until the next

queftion be afked."

RECREATION LIX.

The Organ,

'T^HE recreation this inflrument affords

is known to every one ; but what

we here propofe is a defcription of the

feveral parts of this mofl noble and com-

prehenfive of all mufical machines, and of

the manner by which its numerous founds

are
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are produced : and flich a defcriptioii will,

perhaps, afford a perfon of an ingenious

difpolition a recreation little inferior to

the founds themfelves.

There are various forts of organs, but

that we ihall here defcribe is the grand

or church organ, which confifts of two

parts, the main body, called the great or-

gan, and the politive or little organ, which

forms a fmall cafe or buffet, commonly

placed before the great organ. The fize

of an organ is generally expreifed by the

length of its largefl: pipe : thus they fay,

an organ of 8, i6, 32 feet, &c. *

The feveral parts of the church organ

are as follows : HIH (Plate XIX. Fig. i.)

is the found-board, which is compofed of

two parts, the upper board or cover HHH,

* The organ in the cathedral chureh at Ulm,

in Germany, is 93 feet high, and 28 broad ; its

largefl: pipe is 13 inches diameter, and it has 16 pair

of bellows,

6 and
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and the under board HI, which is much

thicker than the other ; each of thefe con-

fifls of feveral planks laid with their edges

to each other, and joined very clofe toge-

ther. In the under fide of the lower

board there are made feveral channels,

which run in the direction LL, MM,
&c. and are continued as far as there are

flops in the organ, and come almoft to the

edge HK. Thele channels are covered

over, very clofe, with parchment or lea-

ther, all the ^^'ay, except a hole that is

commonly at the fore end next HK, upon

which a valve or pufF is placed. Thefe

channels are called partitions. When this

valve or flap is fhut, it keeps out the air,

and admits it when open. On the upper

fide of the lower board there are likewife

cut feveral broad, fquare channels, lying

crofs the former, but not fo deep as

to reach them ; thefe lie in the di-

rection LN, PQ, &c. To fit thefe

channels there are the fame number of

Vol. II. Q^ wooden
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wooden fliders or regifters f^ f, fy Sec,

running the whole length ; and thefe may

be drawn out, or thruft in, at pleafure.

The number of thefe is the fame as that

of the flops in the organ.

K K K is the wind-chefl:, which is a

fquare box, fitted clofe to the under fide

of the lower board, and made air tight,

fo that no air can get out, but what goe§

through the valves, along the partitions,

V V are the valves or puffs, which

open into the wind-cheft ; they are all in-

clofed in it, and may be placed in any

part of it, as occalion fhall require. One

of thefe valves, with the fpring that fhuts

it and the wire that opens it, is reprefent-

ed by Fig. 2.

C, D, E, F, &c. are the keys on which

the fingers are placed, when the organ is

played : thefe keys lie over the horizontal

bar
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bar of \^ood W, in which are fluck an

equal number of wire pins z z, on. which

keys are fixed ; and the keys move up

and down on the bar, as on a center.

There is another bar, againft which the

keys fall when put down, and which is

here marked 3 : on this alfo are feveral

wires which go through the keys, to

guide them ; and on this bar a lift is faf-

tened to hinder the keys from knocking

againft the wood.

The keys are made to communicate

with the valves feveral ways, as we ftiall

now defcribe. Firft, j, j, s, are the key-

rollers, moving on the pivots /, /; thefe

rollers lie horizontally, one above another,

and are of fuch a length as to reach from

the valve to the key : a, a^ a, are arms of

levers fixed to the key rollers : w, w, the

valve wires fixed to the arms a, a, and to

the valves V, and go through the holes

b, h^ in the bottom of the wind-cheft \ hbb^

Qj2 are
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are likewife arms fixed to the key-rollers

:

</, d^ d^ the key wires, fixed to the arms, b^ b,

and to the keys C, D, E. Now when the

end of any one of the keys C, D, E, is put

down, it pulls down the arm b^ by the

wire d, which turns about the roller j- with

the arm a that pulls down the wire ly,

which opens the valve, that is fhut by the

ipring as fbon as the preflure is taken oiF

the key. In this confl:ru6lion there muft

be a worm-lpring faftened to the key, and

to the bar W, on the farther fide, to keep

down the end 5, of the key.

Another method of opening the valves

is thus : xy^ xy^ are flender levers, move-

able on the centers i , i : 5 a:, 5 :^:, are wires

going from the farther ends of the keys

to the ends x of the levers : yY,yY, are

other wires, reaching from the ends y of

the levers, through the holes h^ to the

valves V. So that putting down the key

C,D, &c. raifes the end 5, which thrufts

up
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up the end x of the lever, by the wire

5 X ; this deprefles the endy of the lever,

which pulls down the wirejj/ V, and opens

the valve V.

A third way of opening the valves is

this : at the end of the key 6, is a lever

8, 9, moving in the center 7. This makes

with the key, a compound lever. From

the end 9, a wire goes to the valve. Now
the putting down the end 6 of the key,

railes' the end 8, which deprefles the end

9, of the lever 8, 9, pulls down the wire,

and opens • the valve. There is only one

of thefe drawn in the fcheme, and but a

few of the others ; to avoid confuiion,

R, R, are the rollers, to move the Ai-

ders, by help of the arms cf, cf, which are

fixed horizontally in thefe rollers ; k e, k <?,

are alfo levers fixed in the rollers ; I e, I e^

are the handles, which lie horizontally,

and pafs through the holes //; they are

0^3 faflened
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faftened to the lever k e, being moveable

about a joint at e.

Now, any handle //, being drawn out,

pulls the end e toward /, which turns

about R k, along with the arm cf-\ and the

endy pulls out the flidery^ ; and when

p is thruft in, the arm cf likewife thrufls

in the flider/"^.

Upon the feveral rows of holes which

appear on the top of the upper board,

there are fet up an equal number of rows

of pipes. The pipes of an organ are of

two kinds, the one has a mouth like a

flute, the other with reeds. The firft,

called pipes of mutation, confift (i.) of

a foot AA, BB (Fig. 3.) which is a hollow

cone, that receives wind that is to found the

pipe : (2.) to this foot is faftened the body

of the pipe B B D D. Between the foot

and the body of the pipe is a dia-

phragm or partition FEF, that has a long

but
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but narrow aperture, by which the wind

comes out : over this aperture is the

mouth BBC, whofe upper lip C, being

level, cuts the wind as it comes out.

The pipes are of pewter, of lead mix-

ed with a twelfth part of tin, and of wood.

Thofe of pewter are always open at their

extremities : the diameter is very fmall,

and their found very clear and fhrill,

Thofe of lead mixed with tin are larger

:

the Ihortefl are open, the longefl quite

Hopped : thofe of a mean fize are partly

flopped, and have befide a little ear on

each fide the mouth, to be drawn clofer

or fet farther afunder, in order to raife

or lower the found. The wooden pipes are

fquare and the extremity is flopped with

a valve or tampion of leather. The found of

the wooden and leaden pipes is very foft

:

the large ones flopped are commonly of

wood, the fmall ones of lead. The longeft

pipes give the gravefl found and the fhorteft

the mofl acute : their lengths and widths

Q 4 are
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are determined by a fixed proportion to

their founds, and their divihons are resu-

lated by a rule, which is called the diapa-

fon. The longeft has commonly fixteen

feet ; but in very large organs it has thir-

ty-two feet. The padel tubes are alwa^-s

open, though made of wood and of lead.

Whatever note any open pipe founds,

when its mouth is flopped, it will found an

o6lave lower ; and a pipe of twice its ca-

pacity will likewife found an odave lower.

A reed pipe confifts of a foot A A B B,

(Fig. 4.) that carries the wind into the

Ihalot or reed C D, which is a hollow de-

mi-cylinder, fitted at its extremity D, into

a fort of mould, by a wooden tampion G.

The {hallot is covered with a plate of cop-

per K KL L, fitted at its extremity I I,

into the mould, by the fame wooden tam-

pion. Its other extremity K K, is at liber-

ty, fo that the air entering the fhallot

makes it tremble, or (hake againft the

reed ; and the longer that part of the

tongue
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tongue I L, which is at liberty, is made,

the deeper is the found. The mould 1

1

that ferves to fix the fhallot or reed, the

tongue, tampion, &c. ferves alfo to flop

the foot of the pipe, and make the wind

go out wholly at the reed. Laflly, in the

mould is foidered the tube HH, whofe

inward opening is a continuation of that

of the reed : the form of this tube is dif-

ferent in different ranks of pipes. The

degree of acutenefs or gravity in the found

of a reed-pipe, depends on the length of

the tongue, and that of the pipe CK, taken

from the extremity of the fhallot, to the

extremity of the tube. The quantity or

inteniion of the' found depends on the width

of the reed, the tongue, and the tube ; as

alfo on the thicknefs of the tongue, the

figure of the tube, and the quantity of wind.

To diverlify the founds of the pipes, a

valve is added to the port-vent, which

makes the wind go out in fits or fhakes.

In Fig. I. X reprefents a flute-pipe of

woodj Z a flute-pipe of metal, Y a trum-

pet-
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pet-pipe of metal. The pipes, to pre-

vent them from falling, pafs thro' holes

made in boards, placed upon the upper

board.

The pipes are made to communicate

with the wind-cheft in the following man-

ner. There are holes bored that go thro*

the upper and lower boards, and through

the Aider, (when it is drawn out) into

the partition below ; fo that any pipes

placed upon thofe holes will then com-

municate with the partition, which, by its

valve, communicates with the wind-cheft.

But when the Aider is thruft in, its holes

do not anfwer to thofe in the upper and

lower boards, therefore the communica-

tion is flopped, ib that no wind can get

to the pipe.

To every large organ there muA be at

leaft two pair of bellows, which are mark-

ed in Fig. I. by 2 T, 9 T. O, O, are the

handles, moving upon the axes nn, nn.

Each
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Each of thefe bellows confifts of two

boards, the loweft of which is immoveable ;

and in this there is a valve r, opening in-

wards and a tube leading to it, called the

conveying tube. There is alfo a hole in

this under board, from which a tube leads

to the port-vent, which is a fquare tube

marked 4, rifing upward, and inferted

into the under lide of the wind-cheft at 2.

In the tube leading to the port-vent there

is a valve that opens toward the port-

vent, and fufFers the air to go up the port-

vent, but not to return. Now the handle O
being put down, raifes the upper board T,

and the air enters through the valve r, and

when the handle is let go, the weight of

the upper board, which carries three or

four pound to every fquare foot, continu-

ally defcending, drives the air through the

port-vent to the found-board : and as the

bellows work alternately, one pair is con-

flantly defcending, which occaiions a con-

tinual blaft through the port-vent. In

chamber-organs there is but one pair of

bellows.
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bellows, but they are formed of three

boards, in the manner of a fmith's bel-

lows, and fo have a continual blail:. All

the internal ftrufture of the organ is con-

cealed from the fight by the front of the

jnftrument, which ftands upon the part be-

tween the numbers 3 and 6 (Fig. i.)

In every organ the number of partitions

LL, MM, &c. there are in the found-

board (Fig. I.) that of the valves V, V;
that of the rollers s, s ; or of the levers x,

y, or 8, 9, and their wires : and that of the

keys ABC, &c. muft be always equal.

Large organs have commonly four or five

fets of keys, befide thofe that belong to

the pedals or large pipes, the flops to

which are played by the feet. The keys

of an organ are ufually divided into four

0(5laves, which are, the fecond fub-o6lave,

firfl fub-o£lave, middle o6tave, and firfl

o6lave. Each o6lave is divided into twelve

flops or frets, of which feven are black

and five white ; the former mark the na-

tural
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tural notes, and the latter the artificial

notes, that is, flats and fharps. The num-

ber of keys, therefore, when there are

four odaves, muft be 48. Some organifts

add one or more flops to the firft and fe-

cond fub-o£laves. The pedals have two

or three odaves, at the option of the or-

ganift ; fb that the number of flops is in-

determinate. The keys are placed be-

tween CC (Fig. I.) but the fcheme could

not contain them all. There are alfo as

many handles /, /, &:c. rollers R, R, &c.

Aiders f, f, &c. as there are flops upon

the organ ; and it mufl be obferved, that

between the Aidersy^y^ &c. there are as

many Aiders on the right hand, and the

fame number of handles and rollers, and

other rows of pipes placed between LN,
PQ, &c. which could not be expreffed in

the figure.

The leaft pipes and partitions are placed

toward the middle of the organ, and

the greatefl on the outfide. The flops

of
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of an organ have various denominations,

according to the founds they are to pro-

duce; fome of which are diapafon, prin-

cipal, fifteen, twelve, tearce, cornet,

trumpet, French horn, vox humana, flute,

baflbon, Cremona, Sec, There is a con-

trivance to fwell the notes of fome of the

flops, by placing the treble or fmall pipes

in a kind of chefl, which is perfedly clof-

ed or opened with the foot by means of a

pedal. When the pipes are clofe fhut up,

the found is fcarce audible, and feems to be

at a great diftance ; but as the chefl is

wholly or in part opened or clofed, in a

gradual and uniform manner, the found

of the pipes is increafed or diminifhed in

the fame proportion. In large organs,

the upper or half-row of keys belong to

thefe pipes ; and when this part is ma-

naged by a good performer, it yields the

mofl delightful mufic imaginable.

When this magnificent inflrument is

played, the handle O of the bellows is firfl

put down, which raifes the upper board

T,

9
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T, and gives room for the air to enter by

the valve r. Then the other handle O is

put down ; in the mean time the board T,

belonging to the firft handle, defcending,

and Ihutting the valve r, drives the air

through the other valve, up the port-vent,

and into the wind-chefl. Then drawing:

out any handle, as that of the flute-ftop,

//, which draws out the Aidery^, all the

pipes in the fet LN are ready to play, as

foon as the keys C,D,E, &c. are put down

;

therefore, if the key D be put down, it

opens the correfponding valve m V, thro*

which the air enters into the pipe X, and

makes it found. In the fame manner any

other pipe, in the fet LN, will found vv^hen

its key is put down ; but no pipe, in any

other fet, will found, till the Aider be

drawn out by its correfponding handle.

The organ is not only the mofl grand

but the moft ancient of all compound mu-

fical machines. Vitruvius defcribes an hy-

draulic organ in the tenth book of his ar-

'
chite£lure.
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chite£lure, which was celebrated by the

emperor Juhan, in an epigram. St. Je-

rome mentions an organ that had twelve

pair of bellows, and whofe found might

be heard at the diftance of a mile.

THE-
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RECREATION I. p. 14

Optical illujlon.

Three pieces of money being placed in a

VefTel (PL III. Fig. i .) out of the view

of a fpe6lator, and water being poured

into the vefTel, all thofe pieces become

viiible—by the refraction of the light

through the water.

RECREATION II. p. 15

Optical augmentation,

A fhilling being put in a glafs of water,

and a plate placed upon it, the glafs is

turned over v/ith the plate, and there

appears a half crown on the plate and

a fhilling over it—by the feeing the

fhilling through the top and the fide of

the water at the fame time, and the

different refradion of the hght.

RECRE-
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RECREATION III. p. 17

Opticalfubtration.

Three fmall pieces of paper being placed

againft a wall, (Plate III. Fig. 2,) a

perfon by {hutting one of his eyes can

lee only two of them—the rays that

come from one of the pieces fallino-

always on the optic nerve, and not on

the retina.

RECREATION IV. p. 18

Alternate illujton,

A {liver feal when viewed through a con-

vex lens, appears alternately engraved

and in relief—conjecture on the caufe

of this remarkable phenomenon p. 90

(note)

RECREATION V. p. 20

T'he camera obfcura.

A convex lens is placed in the window-

{hutter of a dark room, and a concave

R % pafte-
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pafleboard lined with white paper, h
placed in the focus of the lens, where-

by the objects without the room are

painted on the paper, but inverted

—

method of making them appear ereft,

page 22 (note)—this apparatus im-

proved by a mirror placed in diiferent

pofitions, p. 22.—prefents the mofl

pleafing and natural of all pi6lures, p. 25

RECREATION VI. p. 25

To /hew the fpots on the fuTi s di/k, by its

image in the camera obfcura.

By placing a fcioptric ball, that is, a ball

of wood in which a lens is fixed oppo-

fite the flm, which will throw its image

on the paper—this image to be viewed

through another lens, p. 26

RE-
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RECREATION VII. p. 27

^ magnify fmall objects hy means of thefun s

rays let into a dark chamber.

By throwing the rays on a concave mirror

and holding the fmall objefts, ftuck on

flips of glafs, near the focus of the mir-

ror, by which means their images are?

reflected on the wall.

RECREATION VIII. p. 28 ,

'^he portable camera obfcura.

A plate of glals is placed in a horizontal

frame of wood that is llipported by

four legs, which fold up (Plate III.

Fig. 3.) Under the frame is a box,

that likewife folds up, and at the bot-

tom of it are a tube and a mirror, by

which the objeds are reflecled to the

2;lafs—advantasre of this camera over

others, p. 30—manner of drawing ob-

>
jeds by this machine P* 3^

R 3 RE-
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RECREATION IX. p. j2

I'he magic lantern.

The origin of this machine—it confifls of

a tin box, at one end of which is 4

concave mirror ; in the other end is

fixed a lens, and between them is

placed a lamp : before the lens is fixed

a Iqiiare tin tube in which there is a

groove, and through this groove the

glafr«3 that contain the objeds arc

paffed : in this tube is placed ano-

ther, that is moveable, and contains

two lenfes, which throw the objedls on

a cloth—method of painting the glafles,

p. 37—propofal of improving this ma»

chine by ufmg moveable objects, p. 39

RECREATION X. p. 40

^0 rcprefent a temfeji by the magic lantern.

By paffing tv\ o glaffes, on one of which is

painted the fea and iky, and on the

other
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other fhips, (Plate IV. Fig. i and 2)

through the groove at the fame time,

and giving them a proper motion—by
the fame method a battle, and many"

other fubjedls, may be exhibited p. 42

RECREATION XI. p. 43

^he nebulous magic lantern.

At the bottom of a fquare box, whofe

height is equal to fix times its width,

(Plate IV. Fig.. 3.) is placed a chafing-

difh, of hot coals, on which incenfe is

burnt, and on the Imoke that comes

put of the top of the box is thrown the

figures of the magic lantern.

RECREATION XII. p. 44

*to produce the appearance of a phantom^ on

a box or pedejial placed on a table,

A common magic lantern is placed in a

box, (Plate IV. Fig. 4.) in which there

is an inclined mirror, that refledls the •

R 4 light
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light of the lantern on the thick fmokc

of a chafingdilh of coals placed on the

box, and fhows the image refle£ted by

the glafs—this Recreation mufl be per-

formed in a dark room, p. 47

RECREATION XIII. p. 48

T'he mag-ical theatre.

A magic lantern muft be provided that has

a tube in two of its oppoiite fides, (PL IV.

Fig. 5.) in one of which tubes there

mufr be ievcral grooves, by which the

fubjeds to be reprefented may be paffed

either horizontally, afcending, or de-

fcending, and two or more of them at

the fame time. In the partition between

the room where the lantern is, and that

where the exhibition is to be feen, there

muft be placed a glafs, covered with

thin paper, on which the objects are to

be thrown—example of a reprefentatio^i

of the fiege of Troy, in five ads,

p. 52—it is quite necelfary that the

glalTes



CONTENTS. 249

glafTes for thefe exhibitions be accu-

rately painted, p. 60.

CATOPTRICS.
DEFINITIONS - - - 6a

APHORISMS .- . . 63

Properties of plain mirrors, p, 6^—of

fpherical convex mirrors, p. 64-—of

ipherical concave mirrors, p. 65.

RECREATION XIV. p. 67

^/je boundkfs gallery,

Againft each of the two fmallefl ends of
an oblong box (Plate VI. Fig. i.) is

placed a plain mirror, and from one of

them the quickfilver is taken off for the

fpace of an inch and a half, oppofite

w^hich a hole is made in the box : the

top of the box is covered with glafs,

and between the mirrors are placed

fcenes properly painted, which, when
viewed from the hole at the end of the

box
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box appear as an endlefs vifta or gal-

lery,

RECREATION XV. p. 69

^hefour magical mirrors^

The infide of a fquare box (PL VI. Fig. 4)

is lined with four mirrors : the top is

covered with five planes of glafs in

form of the lower part of a pyramid,

and on the bottom of the box are placed

certain obje6ls in rehef, which, when

{eon. from the top, are {o reflecled by

the mirrors as to form an unlimited

^ace completely covered with objeds.

RECREATION XVI. p. 72

'J'he enchantedpalace.

From the center of a hexagon to its cir-

cumference are drawn fix lines, at equal

dillances, (Plate VII. Fig. i.) and on

each of them are fixed two mirrors,

which are fupported by pillars placed

at
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at the circumference : the top is co-

vered with a dome, and between the

fix fpaces objects are placed, which are

reflected fix times, and produce a very

pleafing appearance.

RECREATION XVII. p. ^s

'fo draw an irreguiar figure^ which Jhall

appear regular when viewed in a plane

mirror.

The figure is to be firfl drawn on a fquare

that contains a number of equal divi-

fions, (Plate VII. Fig. 2.) and then the

feveral parts transferred to the fame

number of divifions in a trapezium;

and that diflorted figure, when feen in

the mirror from a determinate point of

view, will appear in its natural form.

RECREATION XVIII. p. 78

'fhe magical dial,

Jf dial-plate, that has a magnetic needle

for a hand, is placed at the bottom

of
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of a dial cafe and towards the top o£

the cafe is fixed a mirror, by which

the figures of the hours are refle£led to

the part where the dial is commonly

feen. Another dial plate, at the back

of which is concealed an artificial mag-

net, that is moved by the hand of that

dial, is given to a perlon, who fetting

the hand privately to any hour, puts it

in a drawer at the bottom of the dial-

cale, under the firft mentioned dial, and

looking in at top he fees the refle6lion'

of the dial there, anfwer to the hour

at which he fet the other dial ; the

hand of the firft being moved, by the

attraction of the magnet in the other,

to the fame hour,

RECREATION XIX. p. 81

I'he box of divination,

A box that contains four cafes, on each of

which a number is wrote, and at the

bottom of which a magnet is concealed,

(Plate



C O N T E N T 1 i^j

(Plate VIII. Fig. I .) is placed on a ta-

ble : under that part of the table are

placed four moveable circles, that have

each a needle, and under them is a

drawer, that contains a mirror, fo that

by looking into the drawer you fee, by

that mirror, in what order are placed

the bo:k:es that have the numbers.

RECREATION XX. p. 84

'T/je magical perfpe5ilves,

A fmall common perlpedive (Plate VIII,

Fig. 6.) is fixed on a hollow ftand of

wood ; in this peripe£live is placed a

mirror, which is moved by the inner

tube, fo as to fhow any object under the

hollow ftand. Three of thefe perlpec-

tives are fet over three holes in the top

of a box, (Fig. 5.) at the bottom of

which is placed a moveable circle, that

is divided into twenty-one equal parts,

and contains a mametic needle : this

box is fet on a table, under which

is
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is concealed a magnetic bar, that beitig

privately placed in any polition, deter-

mines that of the circle in the box,

and confequently brings any of the ob-

je£ls painted on it under the feveral

peripe^lives.

RECREATION XXI. p. 93

f/je penetrative perfpeBive,

In a box or cafe that has two prominent

parts or arms, (Plate X. Fig. i.) are

placed four mirrors, and in each of the

arms is fixed the tube of a perlpe6live

glafs, fo that the obje(3: next the end of

one perlpe<flive, being refle£led by the

four mirrors, is feen at the end of the

other, and appears as if viewed through

the two perfped:ives, and confequently

is perfectly vifible when an opaque body

is placed between thofe two perlpec-

tives.

RE-
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RECREATION XXII. p. 96

^he magician*s mirrors.

Two glajOTes are fixed in the partition of

a room, at about a foot diflant from

each other; behind thefe glaffes are

placed two mirrors, inclined in a pro-

per angle, fo that a perfon looking into

one of them, inflead of feeing his own

face, fees that of another perfon who at

the fame time looks into the other giafs.

Method of improving this Recreation,

by putting two glafles in adjoining

rooms, p. 97—^properties of plain mir-

rors when placed in different pofi-

tions, p. 98.

RECREATION XXIII. p. 100

Pokmofcopes,

Thefe inftruments confifl of a tube that

contains an inclined mirror, and has an

eye



256 CONTENTS.
eye-glafs of a proper focus, fo that

while the tube is pointed at one object

you fee another. By placing an inftru-

ment of this fort at the top of a wall,

while you ftand at the bottom, you fee

what paffes on the other lide, p. i o i

RECREATION XXVI. p. 102

*fhe enchanted mirrors.

In four parallel fides of a cubical box are

fixed four glaffes, reprelenting mirrors,

and within the box are placed two mir-

rors, that crofs it diagonally. When
four perlbns look into the glalles, each

of them fees, inftead of his own face,

that of the perfon next him, and who

appears at the fame time to be placed

directly oppofite to him.

RECRE-
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RECREATION XXV. p. 103

'^he animated optic balls ^

This pleafing piece of optics confifls of

an oblong box, (PI. IX. Fig. 2.) three

fourths of the upper part of which is

divided from the lower by a horizontal

partition, and is decorated with paint-

ings. In the lower part of the remain-

ing fourth is placed an incHnej} plane,

in the middle of which is a Terpentine

groove, and in the other parts are paint-

ings or objeds in relief; in the upper

part of this fpace is a tnirror, placed in

a proper angle to refle6t the obje£ls on

the plane. At the end of the box is

a fmall opening, by which ivory balls,

that may be painted with different co-

lours, are put in, and running down the

groove in the inclined plane, pafs out

at the bottom, and are raifed to the fame

opening again by a machine placed

Vol. II. S there
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there for that purpofe. Part of the top

of this box is covered with glafs, lined

with gauze, and near the inclined plane

is placed a lamp. In the end of the

box oppofite the plane, there is an open-

ing in which a glafs is fixed, and thro'

which the obje6ls on the inclined plane

are feen, refleded by the mirror, and

being all inverted, the balls feem to

roll up the mirror, and pafs out at the

top of the box.

RECREATION XXVI. p. iir

'J^he optic halls by a double rejlediion.

This box differs from the laft in having a

mirror where the inclined plane is there

placed, and in the planes being placed

at the oppofite end of the box. There

may alfo be an additional number of

grooves, with a fmall inclination, thro*

which the balls may pafs : and if there

be fufficient room, there may be two

jfets of grooves, by v/hieh the balls will

feem in the mirror to Rencounter and

pafs over each other.

RECRE-
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kECREATION XXVII. p. 114

To defcrlhe on a plane furface an irregular

Jigure, which /hall appear regular when

placed oppojite a multiplying glafs^ andfeen

by rejlediion through an aperture made in

the center of the drawing.

The plan of the multiplying glafs (Plate

X. Fig. 4.) being drawn on a paper, the

defign is to be drawn on that. The

glafs is to be fixed on a ftand at one

end of a box, and at the other end is

to be a frame that holds a paper, in the

middle of which is a hole, and on which

is to be transferred the defign drawn on

the multiplying glafs, and which will

then be quite diftorted ; but being feen

in the mirror, by looking through the

hole, it will appear quite regular.

S % RE.
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RECREATION XXVIII. p. 120

To defcribe on a plane furface a deformed

figure^ which Jhall appear regular when

viewed by rejle&wn tn a cylindrical mir-

ror.

Part of the furface of the cylinder (PI. XL
Fig. I.) is to be divided by Hnes, into

twelve parts, in proportion to thofe of

the diameter of the circle CD, Fig. 2.

The parallelogram. Fig. 3. is likewife

to be divided into twelve equal parts,

and on them a regular figure is to be

drawn, and then transferred to the

fame number of parts, which will be

refle(£led on the plane DG, by the lines

on the cylinder, and the figure will

then appear deformed, but being {q^w

from the point of view E, will be quite

regular. K fimilar experiment may-

be made with prifmatic and other mir-

rors, p. 124

RECRE-
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RECREATION XXIX. p. 123

Optical appearances.

A bottle half full of water being placed

near the focus of a concave mirror, ap-

pears not only inverted, but the water

at the top of the bottle, and the bottom

of the bottle empty. If the bottle be

inverted and placed before the mirror,

its image will appear eredt, and the wa-

ter at the bottom of the bottle. If

while the bottle is inverted it be un-

corked, it will appear, that w^hile the

upper part is emptying the bottom part

is filling.

RECREATION XXX. p. 128

^he perfpc&ive }?iirror.

At one end of an oblong box (Plate XII.

Fig. I .) is placed a concave mirror ; near

the upper part of the oppofite end a

hole is made, and about the middle of

the box is placed a hollow frame of

S 3 pafte-
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pafleboard, that confines the view of

the mirror. The top of the box next

that end in which the hole is made is

covered with a glais ; and under the

hole are placed, in fucceffion, different

pi(Slures, properly painted, which are

thrown into perfpe6:ive by the mirror,

and produce an appearance that is high-'

ly pleafing.

RECREATION XXXL p. 130

5o fet Jire to a comhiijiible body^ by the re-

jleCilon of two concave mirrors,

Thefe two mirrors (Plate XII. Fig. 2.) are

placed at a confiderable diflance, and

in the focus of bne of them is put a live

coal, in that of the other fome gun-

powder, and by the blowing on the coal,

the gunpowder will take fire, though

the diflance between the mirrors be fe-f

Veral feet.

RECRE-
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RECREATION XXXII. p. 132

'The real apparltlcn,

A hole is made in a partition, (Plate XII.

Fig. 3.) and behind it is placed a large

concave mirror, and a fcrong light, that

mufl not be viiible at the hole. On the

fame fide of the partition, and direftly

under the hole, is fixed, in an inverted

pofition, the objefl that is to appear

without the partition. A perfon being

placed in a proper point of view will

fee the objecfi: on the outfide, and in an

ered poiition.—The figure of an abfent

or deceafed friend may be made to ap-

pear by this method, p. 134—The ima-

ginary combat by a concave mirror,

p. 136

CHROMATICS.
DEFINITIONS . . , p. 137

APHORISMS - . . 138

S 4 RECRE-
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RECREATION XXXIII. p. 140

Out of aJingle colourlefs ray of light to pro-

ducefeven other rays, whichfhallpaint, on

a white body, thefeven primary colours of

nature,

A round hole is made in the window-lhut-

ter of a dark room, and the ray of hght

that enters at the hole, falling on a

prifm, is refracted, and being thrown

on a paper placed at a proper diftance,

forms an oblong {pe6lrum that exhibits

all the primary colours of nature,

RECREATION XXXIV. p. 142

From two or more oftheprimary colours to com^

pofe others thatJhall, in appearance^ refenu

ble thofe of the prifm.

By mixing any two of the primary co-

lours, as yellow and blue, the interme-

diate colour, green, will be formed

;

but thefe mixed colours, though fimilar

in appearance to the primary, yet when

viewed
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viewed through a prifm, are refolved

into the colours of which they are com-

pofed.

RECREATION XXXV. p. 144

Out of the three primary colours, red, yellow

and blue, to produce all the other prifmatic

colours, and all that are intermediate to

them.

Three panes of glafs are divided, each of

them into five equal parts, and over

thofe parts are pafted a different num-

ber of papers painted either red, yellow,

or blue, (PL XIII. Fig. 2.) When one

of thefe glaifes is put in a box, open at

two oppofite ends, all the gradations

of the colour it contains are vifible

;

and when two of them are placed to-

gether. Fig. 3, the intermediate colour

appears with its leveral degrees.

RECREATION XXXVI. p. 147

By means of the three primary colours, red,

yellow, and blue, together with light and

/hade,
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Jhade, to produce all the grada/wns of the

prlfmatlc colours.

On feven fqnare panes of glals, papers

are parted that contain ail the prifma-

tic colours, and over them are put a dif-

ferent number of pieces, tinged with

a deep Ihade, and they are then placed

in a box, in the fame manner as in the

lafl Recreation. Method of printing

in colours, p. 148.

RECREATION XXXVII. p. 150

'The magicalprifm,

A ray of light that comes through a hole

made in the window-fhutter of a dark-

chamber, falling on a glafs prifm, (Plate

XIII. Fig. 4.) is refraded on a hollow

prifm of wood, that revolves on an axis,

and in whofe fides figures are cut. As

this prifm changes its pofition with re-

gard to that of the glafs, the figures cut

out will appear white, yellow, and

red, or blue and violet.

RE-
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RECREATION XXXVIIL p, 15^

'T'hefolar magic lantern.

A fmall box that is open at two oppofite

fides, is placed agaiaft a hole of the

fame fize in the window-fhutter of a

dark chamber, that faces the fiin.

Through this box are pafled, by a

groove, pafteboard blacked, and through

which different figures are cut. Thele

figures, when viewed through a prifm,

appear to be painted with the moft live-

ly colours in nature. This Recreation

may be diverfified by parting papers

tinged wdth different colours, over the

figures in the pafleboard,

RECREATION XXXIX. p. 154

I'he artificial rainbow.

Oppoiite a window on which the fim

fhines, a glafs globe filled with water

is fufpended by a firing that paffes over

a pulley ; and when it is drawn up to a

certain height, which may be found by

trial

#
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trial, the colours of the rainbow will ap-

pear in it : when it is drawn up a lit-

tle higher the colours difappear, and

when it is drawn up ftill higher they ap-

pear again, and at laft totally dilappear.

The phenomena of the natural rainbow

explained by this expei'iment, p. 155

R E C R E A T I O N XL. p. 158

*The prtfmatic camera obfcura.

Two holes are made in the fluitter of a

dark chamber (Plate XIII. Fig. 5.) and

againfl each of them a prifm is placed,

in fuch manner that both their Ipec-

trums are caft upon the fame fpot. Se-

veral papers, of the fame dimenflon

with the fpeclrums, have lines drawn on

them parallel to the divifions of the

colours, and between thofe divifions

figures are cut out, which then appear to

be painted with all the primary colours.

This recreation may be diverfified by

turning one of the prifms round ; and

by looking at the fpedrums through

another prifoi, p. 159.
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RECREATION XLL p. 160

1*136 dlat07iicfcale of colours.

The fun's fpe£lrum is to be largely re-

fraded on a paper, and the divifions of

the feveral colours fet off, when they

will be found to correlpond to the di-

vifions of a muiical chord for the notes

of an odave.

RECREATION XLII. p. 162

Colorific 7nujic,

The furface of a hollow cylinder (Plate

XIV. Fig. 2.) is divided vertically into

fix equal parts, and horizontally into for-

ty-one parts ; in each of the latter parts

Ipaces are cut, over which are pafted

papers that are painted with the i^y^VL

primary colours. At the bottom of

this cylinder is a wheel, an endlefs

fcrew, and a nut ; and when it is placed

in a cafe. Fig. 3, the endlefs fcrew is

turned
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turned by a handle, which turns the

wheel, and raifes the cylinder by means

of the nut at bottom, the height of five

of its horizontal divifions, and confe-

quently fhows the feveral colours it con-

tains at the eight apertures made in the

front of the cafe. A lamp is fuipended

from the top of the cafe, which hang-

ing within the cylinder, fhows the

colours that anfwer to the notes of mu-

fie, and the length of thofe colours cor«

reiponds to the duration of the notes.

PERSPECTIVE RECREATIONS.

RECREATION XLIII. p. i68

To draw on a plane furface an irregular

figure^ wh'ich^ when feen from a proper

point ofview ^ willappearfimilar to a given

fgure,

A parallelogram is divided into forty-eight

equal parts, (Plate XV. Fig. i.) on

which the regular figure is drawn, and

its
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its feveral parts tranfpofed, to an equal

number of divifions in a trapezium,

where the figure will appear deformed,

but when feen from a proper point of

view, quite regular. The correfpond-

ing parts in the parallelogram and tra-

pezium are to be numbered, p. 172

—

Thefe figures appear to great advantage

when painted on the fide of a gallery,

P- 174.

RECREATION XLIV. p. 175

To drcnv an Irregularfigure on a plane which

being feenfrom two oppofitepoints of viewy

fhall reprefetit two different regulations.

The two regular fquares are to be firft

drawn on the two parallelograms. (PI.

XVI. Fig. 3.) and then transferred to

the divifions of the parallelogram. Fig,

2. On a board Fig. 4, of the lame fize

with the laft figure, lines are cut, in

I which
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which a paper, Fig. 5, is pafted, and

the diflorted figure on it : which when

ieen from tv\^o proper points of view,

will prefent two regular figures.

RECREATION XLV. p. 181

To Jraiv on the bafe of a cone^ an irregular

fgure^ whichJhall appear^ whenfeenfrom

a proper point of view, not only regular

y

hut elevated above thefwface of the cone.

The cone is placed in a board, (PL XVII.

Fig. I.) with its bafe upward, and at

one end of it is fixed a perpendicular

plate of glafs, on which the regular

£gure is drawn. At the point of view

a lamp is placed, by which the figure

on the glafs is thrown on the bafe of the

cone, and there traced. The lamp and

glafs are then taken away, and the dif-

torted figure, when feen from the point

of view, appears not only regular, but

ere(^
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ere£l, and in the fame lituatlon it was

oil the glafsk

RECREATION XLVI. p. 186

To draw, eafily and correBIy^ a landfcape^ or

any other obje£l^ without being obliged to

obferve the rules of perfpeciroe, and zvith-

out the aid of the caiHera obfcura*

li\ the largefl end of a box (Plate XVII.

Fig. 3.) there is a frame, divided into a

number of equal divifions, and in the

oppofite end is a tube. This box is

fupported on a ftand. You are provided

with a paper that has the fame num-

ber of divilions as the frame in the box,

and looking through the tube you tranf-

fer the feveral objetfls feen through the

divifions of the frame to thofe on the

paper.

RECREATION XLVII. p. 189

Illuminatedprofpecls.

The top of a print, properly painted, is cut

off, and put in a frame, and the lower

part in an oaier frame. Thefe two frames

Vol. IL T are
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are placed in a box, (PI. XVII. Fig. 5.)

at different diftances, and behind them

lights are fet, and when they are viewed

from the front of the box, and there is

no other Hght in the room, they afford

a very pleafing appearance,

RECREATION XLVIII. p. 191

'Tranfparent illuminations.

Thofe parts of a print where the light is to

' appear are cut through with a fine tool.

The print is then put in a frame and

placed in the box defcribed in the laft

recreation : behind it is a yellow tranfpa-

rent paper, and behind that, are lights,

Thefe fcenes are to be moveable, fo as to

reprefent a fucceffion of .obje6ls dif-

ferently illuminated,

ACOUSTICS.
DEFINITIONS - - P- i95

APHORISMS - - - 196

Nature of fonorous bodies, aph. i to 5.

—

Vibrations of chords, aph. 6 to 9.—-Pro-

pagation of found, aph. 10 to 14.

—

Strength and reflexion of found, aph.

i^ and 16. RE-
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RECREATION XLIX. p. 201

'The eolipiles..

A fmall metal globe, with a (lender neck,

is thrown when hot, into a vefTel of

water, and when it is put on a fire the

water rufhes out with a great noife—this

phenomenon improved by fixing the

calls ufed by fowlers to the necks of

thefe eolipiles.

RECREATION L. p. 202

The communicative bujis.

Two bufts are placed on pedeflals on the

oppofite fides of a room, and from the

mouth of the one there goes a tube un-

der the floor, to the ear of the other.

Therefore, if a perfon Ipeak into the ear

of one buft, another perfon, who applies

his ear to the mouth of the other bull:,

will hear diAinctly all the firfl utters

;

and at the fame time other people, in

the middle of the room, w^U hear no-

thing of what pafiTes.

T 2 RECRE-
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RECREATION XLI. p. 203

1^/je oracitlar head.

This recreation is performed by a fiiigle

head, and tubes, that go from the ear

and mouth of it, to a room underneath,

where a confederate hears what is laid,

and returns an anfwer ; and there are

\^'ires by which the eyes and hps of

the biift are moved at the fame time.

RECREATION LII. p. 204

I'he folarJanata,

A barrel organ is placed in a cafe, that has

a glafs front, behind which is a tube with

. ipirits, and on that a cork floats, which,

when it rifes to a certain point, by the

. heat of the fun, lifts up a eatch, and fets

the organ in play ; but when the ma-

chine is carried into the cold the Ipirits

fink, and the catch again flops the organ,

RECREATION LIII. p, 207

An automatons harpjiclyord. ^

There are wires that go from the under

part of the keys of a harpfichord, and a

barrel
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barrel with pins, that take the ends of

thofe wires. Round the axis of the bar-

rel goes a firing, that pafTes under the

floor, and communicates with a fmoke--

jack, by which the harpfichord is played

jnceilantly.

RECREATION LIV. p. 209

A vcntofaiJrniphony,

On the top of a houfe there is a vane, (PI,

XVIII. Fig. 3.) at the bottom of which,

and within the roof of the houfe, is a

wheel that communicates, by other fmali

wheels and pinions, with a large barrel

jn the room underneath : to this barrel

a number of flops are fixed, and cloie

to it are hung twelve bells ; therefore

as the vane is turned by the wind, the

feveral fmall w4ieels being put in mo-

tion, turn the barrel, and by making it

ftrike the bells, according to the pofi-

J:ioa of the flops, play the f)'mphony.

RE-.
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RECREATION LV. p. zi i

The nocturnal reveUkur.

On the circumference of a wheel are

placed a number of bells, and round its

axis is wound a rope, at the end of which

is faftened a weight that refls upon one

end of a moveable lever, and is ba-

lanced by a hollow cone, filled with fand,

huns: to the other end of the lever, but

as the fand runs out the weight defcends,

and by turning the wheel rings the bells.

RECREATION LVI. p. 214

A miffical cafcade*

A large w^heel is placed under a cafcade,

the water of which is confined to the

ends of the w^heel ; the middle of this

wheel confifts of bars, in which ftops

are placed, that by ftriking a certain

number of bells play one or more

tunes, at pleafure.

RECREATION LVII. p. 216

Rroerberafedfomids,

Conftru£lion of a whifpering gallery—the

nature of echoes, p. 217—of reverbe-

rated echoes, p. 219. ER-
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RECREATION LVIII. p. 220

I'be converfiveJlatue,

There are two large concave mirrors, and

in the focus of one of them is placed

the figure of a man (PI. XVIII. Fig. 5.)

The other mirror is placed behind a

partition, in which is an opening, con-

cealed by a gauze. When a perfon

fpeaks foftly in the ear of the flatue,

which is exactly in the focus of one of

the mirrors, another perlbn placing his

ear in the focus of the other mirror,

will hear diftin€lly what is faid, and aii-

fwering foftly at the fame point will be

heard by the firfl perfon.

RECREATION LIX. p. 223

I'hc great organ.

The body of this noble inftrument con-

fifts of a wind-cheft, (PI. XIX. Fig. i.)

over which is placed two boards, that

form what is called the found-board.

In the under fide of the lower board are

feveral partitions, and in its upper fide

are
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are cut channels, in which Aiders are

placed, in a tranfverfe pofition to the

partitions. There are holes made thro'

the upper board, Aiders and under board,

into the partitions ; and in the holes of

the upper board the pipes are placed

that produce the founds. There are t\\^o

pair of bellows, by which the air is

forced into the cheft. When any one

of the Aiders is drawn out, its holes

correipond with thofe in the upper

board and in the partitions. At the

front end of each partition is a valve,

under which is a hole into the wind-

cheft ; thefe valves are connected with

the. keys of the organ by wires, fo that

when a key is put down it opens a valve

and the air ruflies into the partition,

and the Aider being drawn out it pafles

through the holes in that and the up-

per board into the pipe placed over it,

and makes it found.

END OF THE SECOND VOLUME.
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