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DESCRIPTION of the PLATES.

PLATE L p8.

FIG. 1. Shows the manner in which the rays
of light converge and diverge, |
Fig. 2. Different objets feen under the fame
optic angle.
- Fig. 3. The refra&ion of a ray of light, AB, in
paffing through different mediums.
Fig. 4. The different forts of lenfes.

"PLATE IL p 12

Fig. 1. The difpofition of the lenfes of a com-
mon telefcope.  AB the objec-glafs, CD the eye-
glafs; OI the obje&, which appcars inverted at
E, and magpnified.

Fig. 2. The conftruction of a tcrrc&nal te-
lefcope, in which the lenfes CD and EF are added
to thofe in the laft figure, and by which the obje&
is made to appear in its natural pofition. -

Fig. 3. Shows the ftruture of a reflecting te-
lefcope. GH is a large concave metalline mirror,

Vou. II. a per-




i . DESCRIPTION or
perforatcd it 7, by which the imige 6f'an obje@,
entering at the end of the tube DE i3 tefleéted to
the fmall mirror I, placed on a ftand, and by that
to the glafles B and A, which convey n to the
eye in"an ere pofition. S
Fig. 4. The conftrution of 2. double micro-
fcope. AB the obje&t-glafs, and CD the eye-
glafs: g'm b the objed, and GH the image, whlch
appears-inverted and greatly magmﬁed

PLA”’I E 1L p33

Fig. 1, is a'veffel with water, by t_he refrac-
tion 'of the light'*through which three pieces of
money E, F, G, are feen at the point where they
were invifible before thc water was poured into
the veffel. '

Fig. 2. Three fmall pieces of paper A; B, C,
being Track againft the wall, the image of oue of
them “will. always fall on the optic nerve. at D
and thefefore be invifible.

Fig. 2. Thie portable camera obfcura. E isa
"plate’of glafs placed in‘the frame ABCD, to which
the imave of the obje¢ts that enter the tube O, are
refieGed by the mrirror N. - The: fourlegs and
the pieces that compofé the eafe H; have hinges,
by which they fold up.
~ Fig. 4. The magic ‘lantern. : ABCD is a tin
box, -in one end of whu:h is 2. concave mirror G
at the onpolite end is 2 convex lens ki, and before
it a tin tube O, that has an opening MN, theough
* which are gcuicd the glaffes that have the objets

8 painted
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-~ painted-on them. In the tube Ois placed another,
that is moveable, and that contains two lenfes P
-and Q, by which the obje@s on the glafies are
_ - thrown on the wall: Kis a lamp, and £, F the
- funnel by which the fmoke comes out, and itsco-
- wer that keeps in the lwht.A

"PLATE IV. p g

Fig. 1, and 2, are two plates of glafs, to pafs
through the groove in the magic Iantern at the
fame time, .and by which the appearance of a
tempeft is to be exhibited.

Fig. 3, is.a box that coatains a chafingdifth,
on the fmoke of which, that comesout at the top
of the.box. AB,'the figures of a magig lantern are
thrown, -

Fig. 4. A machine ‘for reprcfcntmg a phan-
tom : within..it is placed a magic lantern, the .
jmages of which being refleted by the mirror M,
- pafs out at an opening K, in the .top .of the box,

and are thrown on the fmoke of a chatingdith
Placed upen it, where they are vifible.

. Fige 5. A large magic lantern for exhibiting
o magical theatre,  In the tube H are feveral -
- gtooves in different directions, by which different
* glaffes are pafied at the fame rime.

PLATE V. p.66

" Fig. 1. Reprefentation of an object refleted
by aplain mirror, A the obje& Gl thc mnrrorr,
DI:- th’c lmage. :

c ' ‘a3~ =" Fig



v DESCRIPTIOrth

-Fig." z. "G 1isa convex mirror, . AC the ob-
jeét, and DF the i image.

Fig. 3. GI a concave mirror, AC the obJe&
DF the image, that appears behind the mirror and
erect. :

Fw 4. GI a concave mirror, AC an obje at
a greater diftance, than in the laft figure; DF the
‘imngc betore the mirror, inverted and diminifhed.

PLATE VL p.so.

Fig. 1. The box for the boundlefs gallery :
EF two pafleboards cut through, and painted on
both fides ; D a pafteboard painted’ on one fide
only, and placed before a mirror at that end of the
box ; C isthe hole by which the objects are viewed.

Fig. 2, and 3. The painted paﬁeboards to placc
in the box, Fig. I

Fig. 4. T l. box for the four magical mirrors.
ABCD the body of the box, arram{f whofe four
i.{ides the mirrors are placed. AEBNLI a frame
of gla’s confilting of four inclined plates, and one
at top that is horizontal ; by the latter the images
placed on'the bottom of the box are fcen reﬁe&ed
by the mirrors.

‘Fig. 3. A p!an for dlf}ofnc the obje&s in thc
box, Fig. 4. '

~lPLAT£;Whpn.
Fig. 1. ‘The enchanted palace. Againft the fix

plllars mirrors are fixed, that meet in the cen-

ter, and between each triangular divifion objeés
are placed, that are reflefted by the mirrors,
ABCDLF is the plan of the bale of the palace.



rue PLATES. v

Fig. 2; is a fquare on which a regular figure is
drawn, thag when transferred to the corrcl'pondmg
divifions of Fig. 3, appears deformed, 'but when
feen in a mirror placed at FG, from a’point over
B, appears exatly the fame as on Fig. 2.

ig. 4. The magical dial. 'In the drawer H is
placed the dial Fxg 5, whofe index is a touched
needle that is moved by a magnetic bar under the
dial-plate, ~ At I another dlal Fig. 6, 'is placed,
whofe index is likewife a touched needle and is re-
gulated by that on Fig. 5. At M is an inclined
mirror, that refleCting “the dial placed at ], makes
it vifible at an opemncr in that center of the dial
at the top of Fig, 4

"PLATE VIL p.s6

Fig. 1. The box of divination ABCD, in
which are placed the tablets 1, 2, 3, 4, that each
contains a magnet placed in a different pofition.

Fig. 2, the table, under which is a brafs rod
that has four pivots, to which are fixed the four
pafleboard circles P, Q, R, S, Fig. 3. - MN is an
inclined:mirror placed in a drawer under the table,

Fig. 4, is the top of abox, that has three holes,
and over them are placed three perfpe@ives like
Fig. 6. - Each of thefe perfpectives is fixed on a
hollow pedeftal,and contains 3 mirror E, by which
the objects on the circte 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

B - O ) SEER the
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Vi DESCRIPTION ;or

the box;is placed,, that moves the . mdq Fig: s
by the needle in the middle of it. =~ - .+ - 7

Fig. s5,-is a column placed on.the imiddle of
 the box,and in which the fpetators -feem ta fac
the Ob_]C&S ihown by qh: perfpcéhves

PLATE X, p,nz

Fig. 2. The box for the animated optic balls.
IM the inclined plane, .down whijch the ball O
runs, and through the groove P, to the hole at the
end of ;the box. .RF is .thé mirror that re-
fletts the:inclined plane and the pamtmgs in
the box to the gilafs at E, and which is reprefent-
ed by Fig. 1. - T the inciined plane for a doubie
reflection; Fig. 4, 5,-and 6, the machinery that
raifes the ball 1o the top of theinclined plane.

Fig. 3. Thrpamtmc on thc mclmed pl.me.

Lok

PLATEX puS

Fig. 1. The penetrating perfpedlive, F andG
are two moveabletubes. O, P, Q, R, are four
inclined misrors, that refle¢t the. och&;, &ntering
the ;ubc; G, to the gye at F.. SRR

Fig. 2 _Themagigian’s mirrors. CD and EF
two holes in_the wainfcot;; H and I the two mir-

" rors, by which , 1hc pbje&s entering one of- the

ho.eﬁ is reﬂe&ec} to Lhco(her S
 Fig.'3. The enchanted mirrors. AD;and CB
the two mirrors placed crofs the box in a diagonal.
H and
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H and L, twoof the glaﬂ'cs by whxch thé fpecta-
tors fee each other. °

‘Fig. 5, The machine forﬁeihg an u?x‘egular fi-
gure in 3’ ‘multiplying glaf@l - A'B _the ffand
with the glafs fixed to it ; H the Kole through
which the image is feen. Fig. 6. the ruler for
drawing the seflection on “thet bpard XE F G,
an 7> 8, and 9, pl‘OjC&lOﬂS of the glafs

w,l,v

PLATE XI '.1z6

Fxg.;r.' -’Ehe :cylmdnc mu-ror for‘vteng an
jrregular figure dfawn 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 2 number of parts, which are to be
transferred: to.the. cylinder, ‘and refleted on the
board, for tracing the irregular figure. ' -

Fw 3. The plan for drawmg the regular figure.

Fzg 4> 5,-and 6. The appearances of a bottle
of water before a concave mirror. '

PLATE XIL porgde

an. 1. The perfpe&ive mifror. “H' the cdn-
cave mirror, IL the blacked pafteboard’for' fe~
" gulating the view, Cthe’ aperturc for vxewmo the
objé@s placed beneath it, in' the miirror.® '
Fig: 2. A and B two concave migrors for firing
combuftible bodies at a diftance,” C and D thcu"
foCx, in} whxch the ‘bodies are placcd. ard L
SAULNUES 7" Fig.

(=]

.




viti DESCRIPTION or

Fig. 3. The machinery for the-real apparition.
C an inverted objet placed under the hole in the
partmoh AB, and which, by the refletion of the
concave’mirror, appears erect at D on the outfide
of the partition. o

PLATE XIL pxso. :

Fig. 1. The ray of light C, pa,ﬂinc throuoh the
window-fhutter AB, is refraéted by the prlfm
D EF, into the fpeftrum P Q, that exhibits all
the feven primary colours. '

Fig. 3,and 4. The glaffes and pamted papers
for repreﬁ:ntmg thc fevcrai COlours and theu' gra-
dations. '

“Fig. 4. The magical prifm. ABC a large
prifm, by which a ray of light is refracted, and
falls on the fmall prifm DEF, that as it revolves
on its axis appears of different colours.

Fig. 5. The prifmatic camera qbfeura. F f
two rays of light that being refracted by the prifms
A, B, C, and 4, b, ¢, form the fpe&tum MN,
which appcars to bc Pamted with all thc original
colours.

PLATE XIV. p:66.‘,

Flg 1. A ray of light largely refraéted into
the fpe&rum P T the’ diviions of whofe colours
correfpond.to. the dwiﬁons of a chord for the notes
of the octave. . .

Fig. z, and 3 Thc machme for cxlnbmno ¢o-

S Ce o lonf(c
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. ';.ernx;PI.‘.A"TES'v’i-‘ ix
lorific mufic.. The thaded parts in Fig, 2, repre-
fent the colours. . F is the fcrew on.which it
turns, G a wheel that is moved by theendlefs
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 ¢ylin-
der are feen; O the handle that turns the enclefs
fcrew. :

PLATE xv pxyg..-

Fig. 1, z, and 3 Thc plans for drawmg an ir-
regular figure that will appear regular when feea
through a hole in the ftand Fig. 4, placcd in the
proper pofition. . SR i

PLATE XVL p}7s »

Fig. 1, 2, ahd 3. The plans for. drangan ir-
rcgular ﬁO‘Urc, 'which when feen from two oppo-
fite points of view, prcfents two regular . ﬁ:rurcs. v

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

and over them the paper Fxg 5 that contams
the drawing i8 to be pafted. & - -

PL‘ATE XVII p, ;81,

an, 1sand 2. The apparatus for: dmwmg an
irregular figure on the bafe of a cone, .that a
pears regular from the point H ;- FEG:the:wcone
MN ¢he pofition of a glafs on which the regular
-ﬁgurc is drawn, and that is projected on the cone




+ DESECRIPTION of-

by the lamp Figu. 2;. whcn placed in thc ropn‘, of
the ftand HI. . . .
- Figi 3. The machme for drawmg any ObjC&
corre@ly. EAC the tube for viewing the objeét 4
-BFDG: the frame; fhowa more clearly in Fig. 4,
by which the pares of the object are transferred to
fimilar divifions on 3 paper.

Figs 5. The box for 1l]uminatcd profpe&s.
" EFGH the back of the box in which the prints are
placed, and behind ;hcm lamps or candles.:

: PLATE XVIII p zzz.’i.

Fig.1, fhows the: alternate vibrations: of a-chord.

Fig. 2. A chord fo dmded as to found tbe fe-
ven concords. - .

Fig. 3. The appzratus for the vamofal fym-
- phony.. . A :the vane that gives. motion to the
machine, ; C, D, G, H, 1, M, wheels and pinions
that ferve to move the barrel NO, in which are a
number of ftops, that ftrike a fet of bells.

Fig. 4. The whifpering gallery. A the point
from whence the found proceeds, and is reverbe~
rated by the points DEFG, to C, where it is plain-
ly heard.

Fig. 5. The converfive ftatuve. AB and GH
are two concave mirrors 3 C and I their centers ;
EF a partition that has a hole, through which a .
found iffuing at I, is diftintly heard at C.,

PLATE XIX. p.240.

Fig. 1, fhows the mechanifm of the great organ.
O, O, are the handles that pufh down the bellows
TT:



“TTV: 2B} ade the: handles that: turn the rollers
_R,R, that by means of the arms ¢; f£,- pull out
the fliders f; & and- give ibérty to the pipes
‘placed over any row of the hadles to found ; C, D,
- By &¢i'are’ the keys; which bemg put down open
* the valvés "V, ' that admit the arr to thie pipes:
HIKK is a wind-clieft, that veceives the air by
the- ‘port-vent 4. - X'is a flute-pipe of wood ; Y
a tmmpet -pipe'of metal ; Z a Aute-pipe of metal.
Fig. 2;'thows the conftruéion of 2 valve, with
the wire that opens it apd the fpringthat fhuts it.
Fig. 3. The infide of a' ﬁute-plpe A B the
“foat, BB the body, EF. t}n-. partition ;- BC the

© mouth.- . -

Fig. 4. A rced plpc s AB thc foot 3 CD the
‘fhallot or reed’§ KL a plate of copper fitted into
the mould' av 1, but being loofe at its extremity K,
thc air‘makes it fhake againft the rced

I VL R A B
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RATIONAL RECREATIONS.

OPTICS.

r H E fcience of optics explains the
nature of vifion; by inveftigating
the caufes of the various phenos

mena that arife from the refraction and

refleion of light. It is divided into

Dioptrics, Catoptrics, and Chromatics *,

The firft treass of refraion ; the fecond;

of refletion ; and the laft, of colours.

GENERAL DEFINITIONS. -

1. When the rays of light that iffue
from any body, continually recede from
# Thefe terms are derived from the Greek; the
firft from the word disptra, a perfpelive glafs; the

.oN
fecond from tatoptron; a micror ; and the laft from
chromata; colours,

- Vor 1L B €achi




2 - RATIONAL

each- other, as the rays AB and A €
(Plate I. Fig. 1.) they are faid to di~
verge. ’

2. When rays in their progrefs draw
continually nearer to each other, as the
rays BF and C F, (Plate I. Fig 1.) they are
faid to converge.

3. That point in which converging rays
all meet, is called their focus ; as the pomt
F, in the fame figure. ‘
4. An optic angle is the fpace contained.
between two lines drawn from the extremi~
ties of any obje& to the eye. Thus AEB:
or CED (Plate I. Fig. 2.) are the optic
angles under which the obje&ts A B and:
CD appear to the eye at E. o

'» GEEERAL



RECREATIONS
GENERAL APHORISMS.

1. The motlon of hght is not inftanta-

héous but progreffive *.
2. All rays of light naturally procced

in right lines.

3. No obje can be feen diftinGly at a

lefs diftance than about eight inches.

-4. To produce diftin& vifion, the rays
of light muft be parallel when thcy enter
the eye.

5. Rays of light that come from a far
diftant objec, are to be conﬁdered as pa-
rallel. :

+6.- Wherever the rays that come from
all the points of an obje&, meet again in

* It appears, by aftronomical obfervations, that
the rays of light are 8 minutes and 13 feconds in
coming from the fun to the earth, which are dif-
‘tant about 82 millions of miles; their progrefs,
therefore, is at the rate of about ten millions of
miles in a minute;. yet great as that velocity is,
the diftance of the largeft, that is, the neareft of
the fixed ftars, being four hundred thoufand times

greater than that of the fun, the light muft be
more than ix years in coming from them to us.

B2 ' fo




4 "'RATIONATL
fo many points, after they have been made
to converge by refraction or- refle@ion,
they will there form an image of that ob-~
je& on any white body. R

7. Every obje& feen by refraion or
refleGtion, appears to be in that point
from whence its réys are laft réfracted or
refleCted to the eye. o

8. The apparent magnitude of any ob-
ject is determined by the magnitude of
its optic angle: therefore the objeéts AB

‘and CD, (Plate I. Fig. 2.) which are feen

-under the fame angle, will appear of equal
magnitude. :
Thefe, and every othcr aphonfm in this
'treatife, are confirmed by all optical wri-
ters; .and may be demdnﬁrqtcd geometri-
.cally: but as we fuppofe our readers. to
have no other previous knowledge than
- that of common arithmetic, it would be
fuperfluous to infert fuch demonftrations
here. - -

DIOP-



RECREATIONS. 5
DIOPTRICS.
DIOP TRICS, as we have faici, ex-

plains’ the feveral appearances that
arife from the refraction of light.

 DEFINITIONS.

1. When a ray of light paffing ont of
one medium into another of a different
denfity, is turned from that ftrait line
in which it would otherwife proceed, into
one of a different direGtion, it is faid to
‘be refraded. Thus the ray A B, (Plate I
Fig. 3.) by pafling out of air into the glafs
GH, isturned from its natural courfe in-
to thatof CD, .

2. Any i:piler'ical tranfparent glafs, that
converges or diverges the rays of _light as
they pafs through it, is called a lens.

g, Of lenfes there are five forts: 1. A
planeor fingle convex lens, which is plane
on one fide, and convex on the dthexj,
as A (Plate 1. Fig. 4.) 2. A double convex
lens, as B. 3. A plano-concave lens,
o B3 that
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that is, plain on one fide-and concave pn
the other, as C. 4. A double concave, ag
D. And s. A memfcus, Whlch is convex l
~on one fide and concave on the other, as E,
4. The point C, round Whlch the fphe—
rical furface of a leng, as AZ (Plate L
Fig. 4.) is deferibed, is called its center:
, the line XY, drawn from that center, per-
pendicular to its two {urfaeeg, is the axis;
and the point V, to which the axis is
| drawn, is the vertex of that lens, .

5. When the rays of hght that pafs
through a fingle or.double convex lers are
brought into their fmalleﬁ (;ompafs, thax
point is the focus of the lens.

6. In optical 1nﬁruments that lens which
is next the objet is called. the obje&-
glafs ;-and that next the eye, the eye-glafs.
2 The diftance between the line AF
(Plate 1L Fig. 3.). and the perpendxcular
~ EB, is called the .angle of incidence; and
the dlﬁance between the line CD and the :
,perpcndxcular BF, ,13 called the anglc of
jefrattion. :

{\ P H'
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"~~APHORiSMs

1. A ray of light pafling oblxquely out
.of one medium into another that is denfer,
“sill be refracted toward the perpendicular,
as the ray A B (Plate L. Fig. 3.) by paffing '
“out of air into glafs is refrated into CD,
‘toward the perpendicular BF. On the
contrary, a ray paffing out of a denfer in-
‘td6 a rarer medium, will be refracted

- from the pcrp’éndicular', as the ray BC,
-paﬁ'mg out of glafs into air, is refra&cd
"into DL

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
"3t0'2, nearly, and in other medlums in
pr0port10n to their denfities. i

" 3.-When an obje& is v1cwed through a
glafs whofe two furfaces are 'parallel, .it
will appear of  its natural dlmenﬁpns, its
ﬁtt}ation only being a {mall matter altered,

! Bs In
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in proportion to the thicknefsyof the glafs,
and the obliquity of the rays.

4. All the rays of light, whether di-
werging, paralle], or converging, that fall
on a fingle or double convex lens, will
meet in a fogus behind the glafs: and the
diftance of that focus will be greateft in
diverging, and leaft in converging rays.
5. When parallel ar converging rays,
fall on a fingle or double concave lens,

" they will diverge behind it. If they be
diverging at their incidence, they will be~
come more o by paffing through it.

6. When an obje&t is' viewed thfough '
two convex lenfes, its apparent length,
or diameter, will be fo its real length, as
the diftance of the focus of the obje&-glafs,
is to that of the eye-glafs, |

By thefe,and the foregoing aphorifms, we .

~are enabled to account for the various ef-
feGs of dioptric machines, as refrading
telefcopes, microfcopes, the camera ob—f
fcura, &c. For example, fuppofe AB
the objed-glafs, and CD the eye-glafs of

: ate-
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RECREATIONS. o

~ a telefcope, (Plate IL. Fig. 1.) and let them
be fo placed that the focus of each may
coincide in the pointF. Suppofe O to be
a far diftant obje&®, whofe rays are there-
fore to be confidered as parallel when they
come to the glafs, (aphorifm 5. page 3.) the
two rays OA, and I B, proceeding from
the extremities of the obje@, and paffing
through the glafs AB, will meet and
interfe each other in its focus F, and
pafs on to the eye-glafs CD. But F be-
ing alfo the focus of that glafs, thofe rays, by
paffing it, will again become parallel, and
therefore by (aphorifm 4. p. 3.) produce
diftin& vifion in the eye, placed at H.

Now fuppofe the diftance between AB
and F, that is, the focal length of the ob-
je&-glafs, to be 10 feet, or 120 inches,
and the diftance between F and C D,
“which is the focal length of the eye-glafs,
to be three inches, then by aphorifm 6. p.
8. the apparent length or diameter of the
pbject will be to its real lengthas 120to 3, -

. or
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the refleGion, by whlch objects appear fo
diftin& that an eye-glafs-of 2 much fmaller
focus can be ufed in them than in others.
“The magnifying power in this, as in o=
ther telefcopes, ‘is as the focal diftance of
the objedt-glafs or- mirror, to the focal
diftance, of the eye-glafs. But the latter
being fo much fmaller in this telefcope,
the magnifying power will be fo much
greater. ‘Therefore, if the focal diftance
‘of the eye:glafs be one inch, and that of
the obje&-mirror 40 inches, the diameter
“of the obje& will be magnified 4o times,
Cand its furface 1600 times. A 'reﬂcaing

telefcope of 4 feet will magmfy more than
‘a refra&or of 50 feet, - ’

Suppofe, 3gain, A B’, (Plate IL. Fig. 4.)
to be the 'objé&-glafs, and the CD the
eye-glafs of a double mlcrofcopc. “The
ob_]e&-glafs muﬁ here be qulte {mall and
very convex, and confequently its focal
- diftance / /> very thort. The diftance of

= {hc fimall obje&t gmk, muft be very little
more
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the refle@ion, by which obje@s appear fo
diftin& that an eye-glafs-of 2 much fmaller
focus can be ufed in them than in others.
‘The magnifying power in this, as in o=
ther telefcopes, 1s as the focal diftance of
the objedt-glafs or- mirror, to the focal
diftance. of the eye-glafs. But the latter
being fo much fmaller in this telefcope,
the magnifying power will be fo much
greater. ‘Therefore, if the focal diftance
‘of the eye:glafs be one inch, and that of
the obje@-mirror 40 inches, the diameter
“of the obje&t will be magnified 4o times,
and its furface 1600 times. A }eﬂe&ing

telefcope of 4 feet will magnify more than
‘a refrator of 50 feet, -

Suppofe, a‘gain, A B,/ (Plate IL. Fig. 4.)
to be the obje@-glafs, and the CD the
eye-glafs of a double m1crofcopc. ~The

obJe&-glafs ‘muft here be. quite fmall and
| very ‘convex, and confequently its focal
~ diftance / f; very thort. The diftance of
“the fmall objeé gm/z, muft be very little

mor¢
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more than that of /£, in order that its
image G H, may be formed at a confider--
able diftance, and confequently be much
enlarged. Now this image will appear
diftin@ and confiderably magnified, and
that on two accounts: firft, in propor-
~ tion as the diftance K/ is greater than /m;
and fecondly, on account of the nearnefs
of the eye to the image; for by apho-
~ rifm 3, page 3. no obje& can be feen dif-
tin@ly by the naked eye, at a lefs diftance
than eight inches, therefore if by means
" of the eyé:—glafs CD, the objett is made to
appear diftinét at the diftance of one inch,
it will feem eight times as large. Sup-
pofling, therefore, the focal diftance of
the eye-glafs CD, to be one inch, and the
diftance K /to be to /m, as 16 to 1, then,
on both thefe accounts, the length of the
obje& will appear 8 times 10, or &o times,
.and its furface 6400 times, larger than
when feen by the naked eye.

RECRE-

. ————
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RECREATION L
- Optical illufions.

)N the bottom of the veflel- ABCﬁ;

(Plate IL Fig. 1.) 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 further into
the veffel than I: and tell him that by
pouring water into the veflel you will
make him fee three different pieces of
money ; biding him obferve carefully whe=
ther 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 muft either pour it in very gently,
or contrize to fix the pieces, that they may not
move out of their places by the motion of the
water.

From
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From what has been faid of the refrac=
fion of fight, the caufe of this phenome=
non will be evident : for while the veflet
is empty, theray HI will naturally pro=
¢eed in a ftraight line: but in propértion
as it becomes immerfed in¥ water, it will bé
neceflarily refracted into the feveral direc~
tions’ NE, OF, PG, and confequently
the feveral picces muft become vifible.

RECREATION IL
' épz‘ic"al Augment‘atib}:.

AKE a large drinking glafs of a coni~

‘ cal figure, thatis, fmall at bottom
2nd wide at tép; in which put a fhilling,
and fill the olafs about half full with wa-
ter: tl‘ign‘ place ‘a plate on the top of it,
ard fiirn it qUIle‘/ cver, that the water
may nlot get cut.’ You will then fee on the
plate, a piece of the fize of 4 half ¢rown;
«2d fomewhat higher-up, -another piece of

the fize of ' fhilling:
P

AT U ' Thi's :
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- This phenomenon arifes from feeing the
piece through the conical furface of the
water at the fide of the glafs, a;nd'vthrough
'~ the flat furface at the top of the water, at
the fame time: for the conical furface
dilates the rays and makes the piece ap-
pear larger; but by the flat furface the
rays are only refracted; by which the piece
is feen higher up in the glafs, but ftill of
its natural fize. That this is the caufe
will be further evident by filling the glafs
with water, for as the fhilling cannot be
- then feen from the top, the ldrge piece
enly will be vifible.

After you have amufed yourfelf with
‘this remarkable phenomenon, you may
give the glafs to a fervant, telling 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.

RECR E-
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"RECREATIONIH
. Optical fublratlion.

GAINST the wainfcot of a-room
fix three fmall pieces of paper, as
A, B, C, (PL IIL Fig. 2.) at the height
of * 'your ‘eye; and placing yourfelf di-
re@ly before them, fhut 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 al-
. tering your pofition a fecond time, you
‘will fee B and C; but never all three
0f them together.
| The caufe of this phenomenon is, that -
one of the three pencils of rays that come
-fro'n thcfe obJe&s, falls conftantly on the
opti¢ nerve at D ; whereas to produce dif-
tin¢t vifion it is neceﬁ'ary that the rays of
Tight fall on fome part of the rctina E, F,
L VeLL C G, H.
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G, H. We fee by this experiment, one of
the ufes of having two eyes; for he that
has one only, can never fee three objects
placed in this pofition, nor all the parts
of one obje of the fame extent, without
altering the fituation of his eye. |

RECREATION IV,
Alternate illufion.

'WITH a convex lens of about an
inch focus, look attentively at a
filver feal, on which a cypher is engrav-
ed. It will at ﬁrf’g appear cut in, as to the
naked eye ; but if you continue to obferve
it fome time, without changing your fitua~
tion,, it will feem to be in relief, and the,
lights and {hades will appéa; the fame as
they did before. If you regard it with
the fame attention ftill longer, it will again
appear to be engraved: and fo on alter~
nately. | ‘

s If you look off the feal for a few
moments, ‘when you view it again, in-

7 ftead
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ftead of feemg it, as at firft, engraved, it
will appear in relelf '

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 immediately
appear in relief: and if, when you are re-
garding thefe feeming prominent parts,
you turn yourfelf fo that the light may
fall . on the right hand, yéu will fee the
fhadows on the fame fide from whence
the light comes, which will appear'not a
little extraordinary. In like manner the
fthadows will appear on the left, if the
light fall ‘on that fide. If inftead of a
feal, you look at a ‘piece of money, thefe
alterations will not be vifible, in whatever
ﬁtuatxon you place yourfelf ¥

- * Tt has Been fﬁfpe&ed ‘that this xllufon arifes
from the fitvation of the light; and in fact I have
obferved, (fays M. Guyot, from whom this ar-*
ticle is taken) that when I have viewed it with a
candle on the rnght, it has appeared enoraved but

Cz - by

N .
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RECREATION V.

The camera obfcura, or dark chamber.

W E fhall here give a fhort defcription
of this optical invention; tor tho’
itis very common, it isalfo very plcafing,
and though almbﬁ every one has feen it,
every one knows not how to conftru it.

by changing the light to the left fide, it has im-
mediately appeared in relief. It ftill, however, re-
mains to be explained, why we fee it alternately
hollow' and 'prominent, 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 thefe appearances are not difcernable by all
perfons. : :

A phenomenon like this will appear to a fuper-
ficial obferver a'very trifling matter: but the phi-
lofopher, who is defirous of explaining all the ap~
pearances of nature, will find it "attended’ with
no trifling difficulties,” It is, moreover, by in-
veftigating the caufes of phenomena feemingly in-
fignificant, that the moft important difcoveries are -
fometimes madg. |

Make
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Make a circular hole in the fhutter of a
window, from whence there is a profpe&t
of the fields, or any other obje& 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 ©. "Tike
care that no light entér the room but by
this glafs : at a diftance from it, equal to
that of its focus, place a paficboard, co-
vered with the whiteft paper 1 ; 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

% The dnﬂancc fthould not be lefs f.han three
feet ; for if it be, the images will be too fmall; and
there will not be fufficient room for the fpedtators
.to ftand conveniently. On the other hand the
focus fhould never be more than 15 or 20 feet, for
then the images will be-obfcure, and the colour-
ing faint. The beft diftance is from 6 to 12
feet. A -
+ Thls paper {hould hawe a. black border, to
prevent any of the fide rays from difturbing the
picure. .

C 3 a frame




.,zi "RATIONAL:

a frame of the fame figure, and put ‘it ort
a moveable foot, that it may be eafily fixed
at that exa& diftance from the glafs where
the obje&ts paint themfelves to the greateft
perfeGion. 'When it is thus placed, all
the obje&s that are in the front of the
window will be painted on the paper, ia an -
inverted pofition *, with the greateft regu=
larity and in the moft natural colours.” *

If you placea moveable mirror without
the window, by turning it more or lefs,

* This inverted pofition of the images may be
deemed an imperfe@ion, but it is eafily reme-
died: for if you ftand above the board on which
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 breaft in an' oblique direGtion, look down
in it;. you will there fee the images ere&, and they

- will receive an additional luftre from the refletion
of the glafs; or place"two lenfes, in -a tube that
draws out ; or; laftly, if you place a Iargc concave
mirror &t a proper diftance before the picture, it
will appear before the mirror, in the 7air, and in an
erect pofition. '

, - You
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-you will‘rha've on the paper all the objects
‘that are on each fide of the window *.

If inftead of placing the mirror without
- the window you place it in the room, and
above the hole (which muft thenbe made
near the top of the thutter), you may re-
ceive the reprefentation on a paper placed
horizontally on a table; and draw, at your
leifute; all the objes that are there
painted.

* Nothing can be more pleafing than this
Recreation, efpecially when the objeéts
are ftrongly enlightened by the fun: and

* There is another method of making the dark
chamber, which is by .2 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
wooden frame,in which it turns freely round. The
frame is fixed to the hole in the fhutter, and the
bally by turning about, anfwers, in great part, the
ufe of the mirror on the outfide of the windew, If
the hole in the window be no bigger than a pea, the
ob‘je&s will be reprefented withiout any lens.

Cs not
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not only. land profpets, but.a fea-port,
when the water s fomewhat agitated, of
at the fetting of ;he fun, prcfcnts a very.
delightful appearance.

‘This 'i"ei)kt'efentation affords ‘the moft
perfe& model for painters, as well for the
. tone of colours, as that degradation of
thades, occafioned by the interpofition of
the air, which has been fo juftly exprefled
by fome modern painters.

It is necefary that the paper have a cir-
cular form, for otherwife, when the center
of it was in the focus of the glafs, the two
fides would be beyond it, and confequent=
ly the images would be confufed. If the
frame were contrived of a {pherical figure,
© and the glafs were in its center, the re-
prefentation would be ftill more accurate.
If the obje& without be at the diftance of.
twice the focal length of the glafs, the
image in the room will be of the fame mag-
nitude with the objed. ‘

The
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The lights; thades, and coldurs in theca-
mera obfcura appear not only juft, but, by
the images being reduced to a fmaller
compafs, much fironger -than in nature :
add to this, that thefe pl&ures excccd all
others by reprefenting the ‘motion of the
feveral ObjC&S thus we fee the animals
walk, run, or fly, the clouds float in the
air, the leaves quiver, the waves roll, &c.
and all in ftri& conformity to the laws of -
nature. The beft fituation for a dark
chamber is diretly north, and the be&
time of the day is noon.

1
!

RECREATION VL

To /baw the Jpots on the ﬁm s difk, by its

’ zmage in the camera oé/cura

U T the obje@-glafs of a ten or twelve
foot telefcopc into the fcioptric ball,
- and turn it ‘about till it be dire&ly oppo-
6 fite
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RECREATION VIIL
The portable camera obfcura.

HE great pleafure produced by the ca-
mera obfcura in the common form,
has excited feveral to render it more uni~
verfally ufeful by making it portable; eafily
fixed onany fpot, and adapted to every
profpe&t. We fhall not here examine the
merits of the various forts that have been
invented, among which there are doubtlefs
feveral highly ingenious; but content our-
felves' with defcribing one that may have
fome advantages not to be found in
others *, ' . '
Let ABCD (PL IIL Fig. 2.) be a frame
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 groove 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 muft clofely
join, by means of hooks, it being quite ne- '
ceflary that no light enter the box T

To that juft defcribed, there ‘muft be
added a {maller box M, in which muft be
an inclined mirror N, and in one of its.
fides a moveable tube O, five or fix
fix inches long. This tube muft be fur~
nithed with a convex glafs, the focus of

- which, by the refteGtion of the . mirror,

muft reach the glafs Ein the frame, .

* I the upper fide of the glafs were convex, it
would be ftill beteer,

+ The infide of the box may be lmed wnh black
¢gloth, to make it as dark as poflible..

There
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There muft alfo be a covering of black
ftuff, 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 fide A B, by a curtsin to be drawn
up, and which you are to let down over
you, when you place yourfelf under ity
that no light may enter. ‘The three other
fides thould hang down fome inches ovey
the frame.

This camera is, indeed, fomething more
cumberfome than thofe that have been hi~
therto invented ; and yct, if properly made,
it will not weigh more than twenty to
five-and-twenty pounds. On the other
hand, it is much ‘more convenient; for as
the coloured rays of objets paint them-
felves on the bottom of the glafs in the
frame, you ‘may draw them without hav-
ing your hand between the rays and their
image.

When
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When you have placed the frame on'a
fpot alittle elevated, that nothing may in-
tercept the rays from falling on the glafs
in the tube, you fix a fheet of tranfparent
varnifhed paper on the glafs in the frame,
by means of wax at its corners. 'Then |
placing yourfelf under the ‘curtain, you
trace on the paper all the outlines of the
objeéts 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 ftrokes witha
pencil and carmine. After which you
muft dip a fheet of paper in water, with-
out making it too wet, and fprcading it
lightly over that gla(s, you will have the
impreffion of the defign there drawn.

Note, By each of thefe methods you will
have the obje@s cither in their natural po-
fition, or reverfed ; which will be an ad-
vantage when the defign is to be en-
graved, and you would have it then appear

in the ‘natural pofition. ,
: In
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In ufing this machine, you fhould make
choice of thofe obje&ts on which the fun
then fhines, as the appearance of the fha-
dows adds greatly to the beauty of the de-
fign. There are, however, circumftances
in which it is to be avoided, as when you
would paint a rifing or fetting fun, &c.

RECREATION IX.

The magic lantern.

HIS very remarkable machine,wh’ich

is now known over all the world,
caufed great aflonifhment at its origin.
It is ftill beheld with pleafing admiration,
and the fpeCtator very frequently contents
himfelf with wondering at its effe&ts,with-
out endeavouring to inveftigate their caufe.
The invention of this ingenious illufion is
attributed to the celebrated P. Kirker, 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-
fent at large, on a cloth or board, placed
in the dark, the images of fmall obje@s,
painted with tranfparent colours on plates
of glafs,

Its conftruction is as follows. Let
ABCD (PL III Fig. 3.) be a tin box, eight
inches high, ten long; and fix wide (or any
other fimilar dimenfions). At the topmuft
be a funnel E, of four inches in diame-
ter, with a cover F,which, at the fame time
that it gives a paffage to the {moke, pre-
vents the light from coming out of the
box. ' ’

On thefide A C there is a door, by which
is adjufted 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 muft be fo difpofed
that it may be pufhed forward or drawn

back by means of the handle H, that enters'

Vor. II. D the
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the tin tube I; which is foldefed to the:
door. BT

In the middle of the box muft be placed
a low tin lamp K, which is to-be move-
- able. It thould have three or four lights,
that muft be at the height of the focus of
the mirror G.

In the fide BD, 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 convex
glafs L, of the fame dimenfion *, whofe
focus muft be from four inches and a half
to five inches, fo that the lamp may be

% T prefer this form for the glafs (fays M. Guyot)
that the pi@ure thrown upon the cloth may have
the fame form, which is much preferable to a cir-
cular aperture, through which the figures can ne.
ver be completely feen but when they are at the
center of the glafs,: It is furprifing that this im-.
perfection has been fuffered to continue fo long,
when it is fo eaﬁly remedxed

plaéed_
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~ placed both in its focus, and:in that of the
¢oncave mirror.

On the fame fide is to be placed a piece
of tin M'N, of four .inches and a half
{quare, 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 glaffes,
on which are painted the figures that are
to be feen on the cloth. 1In this tin piece,
and oppofite to 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 fix inches long. . This
tube is to be fixed into the piece M N.
Another tube, fix inches long, and move-
able, muft enter that juft mentioned, in
which muft b'é placed tWo cbn,ve# lenfes,
P and Qg that of P may have a facus of
about three inches, and that of Q, which is
to be placed at the extremity of the tube,
one of ten or twelveinches. The diftance

D2 * between
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between thefe glaffes is to be regulated by
theirfoci. Between thefe glaffes there muft
'be placed a pafteboard R, in which is ana~
perture of an inch wide, and 4-5ths of an.
inch high. By placing this tube farther
inor out of the other, the images on the
_cloth will appear larger or {maller.

From what has been faid of the preced-
ing machines, the conftrucion 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 firong light on the figures painted on:
the glafles that pafs through the groove.
MN, and by that means render their co-
lours diftin& on the cloth. The rays from
thofe glafles paffing through the lens P
are colleCted by the aperture in the pafte-
board R, and conveyed to the lens Q, by
which they are thrown on thecloth,

The lantern being thus adjufted, yon
‘muft provide plates of clear glafs, of twelve
or
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‘ot ﬁfteen mches long, and three inches
wide, Wthh arc to be placed in thin frames,
that they may pafs freely through the
groove MN, after being painted in the
manner we fhall now defcribe.

.Met/ma’ of painting the glaﬂu for the

Jantern.

Draw on a paper the fubjet 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 perfe&
. as poffible, you thould draw fome of the
outlines in their proper colours, provided
they are the ﬁrdngeﬁ tints of thofe co-
lours that areufed. When the outlines are
dry, you colour the figures with their pro-
per tints or degradations; and thofe colours
jwill not peel off, if you temper them with a
D3 ftrong
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ftrong white varnith*. You are then to
fhade them with black mixed with the
fame varnifh, or with biftre, as you find
convenient. You may alfo leave ftrong
lights in fome parts, without any colours,
in order to produce a more [triking effe&.
Obferve, in particular, not to ufe mare
than four or ﬁve colours, {uch as blue, red,
green, and ycllow. You thould Vemploy
however a great variety of tints, to give
your painting a more natural air, without
which they will reprefent vulgar objeits,
which are by nomeans the more pleafing
becaufe they are gawdy., '

-~ When the lamp in this lantern is light-
ed, and by drawing out the tube to a pro-
“per length, the figures painted on thelglafs
appear bright and well defigned, the {pec-
tator cannot fail of being highly enter-

* All thofe colours that are not terreftrial, as
Pruffian blue, carmine, calcined verdigris, &c. '
' may be ufed to advantage, when tempered with a
proper varnifh, ‘

tained
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tained by the fucceffion of natural or gro-
tefque figures that are painted on the
glafles.

This piece of optics niay be 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& on two glaffts, and
paffing them at the fame time tflrough\
“the groove, as will be feen in thc next Re~
- creation.

* There are in the Philofophical Effays of M.
Mufchenbroek, different methods of performing all
thefe various movements, by fome mechanical con-

trivances that are not difficult to execute. -
. ) . A o

- D4  RECRE-
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RECREATION X. ‘
To reprefent a tempeft by the magic lantern,

ROVIDE two plates of glafs, whofe

frames arc fo thin that they may both
pafs freely through the groove M N, at
the fame time (PL III Fig. 3. )

On one of thefe glafles you are to pamq:
the appearance of the fea, from the ﬂlghteft
agitation to the moft violent commotion.
Reprefenting from A to B (Pl IV Fig.1. )
a calm, from B to Ca fmall agitation, with
fome clouds, and {o on to F and G, which |
fhould exhibit a furious ftorm. Obferve,
that thefe reprefentatlons are ot ‘to be
dilin@, but run into each other, that they
may form a natural gradation: remember .
alfo, that great part of the effe& depends
on the perfe&ion of the painting, and the
piGurefque appearance of the defign.

On thc other glafs (Fig. 2.) you are to
paint veflels of different forms and dlmcn-

7 fions,
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fions, and in different direGtions, together

with the appearance of clouds in the tem—
Peftuous parts.

You are tl;en‘ to pafs the glafs (Fig. 1.)
flowly through the grobv’c, 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 fo
§ncreafe the motion till you come to the
height of the florm. At the fame time
you are to introduce the other glafs with’
the fhips, and moving that in like man-
per, you will have a natural reprefenta-
tion of the fca, and of thips in a calm and
ina florm. As you draw the glaffes flow-
1y back, the tempeﬂ: will feem to fubfide,

the {ky grow clear, and the fhips glide
gently o’er the waves.

This effe&t of the magic lantern muft
certamly afford more pleafure and fur-
Pnze, than to fee ﬁgures, frequently badly

painted,
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painted, appear one after the other in the
midft of aluminous circle, as in a medal ;
whofe form, befides being difguftful, pre-
vents you from {eeing any two figures to- .
gether, without the head and legs of one -
of them being entirely hid: an inconveni~
ence that is avoided by this new method,
even when you make ufe of the common
figures.

By means of two glaffes difpofed in this
manner you may likewife reprefent a battle,
» or fea fight, and numberlefs other fubjeéts, -
that every one will contrive according to
his own tafte. 'They may be alfo made to
reprefent fome remarkable or ludicrous ac~
tion between different perfons, and many
other amufements that a lively imagina-
- tion will eafily fuggeft. The inftance we

here give (fays M. Guyot) being intended
merely as an eXample, and to fhew that
this machineis capable of producing much
more remarkable effets than have been
‘hitherto exhibited, o

: -RECRE-~
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RECREATION XIL
The nebulous magic lantern.

TH E light of the magic lantern, and
the colour of images, may not only

“be painted on a cloth, but alfo refleGted

by a cloud of {moke. :

Provide a box of wood or pafteboard
"~ AB (PL 1V. Fig. 3.) of about four feet
high, and of f{even or eight inches {quare
at bottom, but diminithing as it afcends,
* {o 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
Thuts 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
fmoke goes out ina cloud at the top of the
box. It ia on this cloud that you are to-
throw the light that comes out of the
*lantern, and which you bringintoa fmaller
compafs by drawing out the moveable

tube, -
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tube. The common figures will here
ferve. It is remarkable in this reprefen=
tation that the motion of the fmoke does
not atall change the figures, which appear
{o confpicuous that the {peator thinks he
‘¢an grafp them with his hand.

. Note, In this experiment fome of the
rays pafling through the fmoke the repre~
fentation will be much lefs vivid than on
the cloth; and if care be not taken to re-
 duyce the light to its fmalleft focus, it will
be ftill mqré imperfect. |

RECREATION XIiL

T produce the appearance of a phantom, up-
on a pedefial placed on the middle of 4
table. ‘

NCLOSE a common fmall magic

~ lantern in a box AB CD (Plate

IV. Fig. 4.) that is large enough to -
contain alfo an inclined mirror M, which -

mu(’c be moveable, that it may refle the
cone

-
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-cone of light thrown on it by the lantern,
in fuch manner that it may pafs outat the
-aperture made in the top of the box. There
fhould be a flap with hinges to cover the
opening, that the infide of the box may
-not be feen when the experiment is not
-making. This aperture fhould likewife
be oval, and of a fize adapted to the cone
of light that is to pafs through it.’

There muft be holes made in that part
of 'the box which is over the lantern, to let -
out the fmoke ; and over that part muft be
placed a chafing-difh of an obiong figure,
"~ . and large enough to hold feveral lighted
¢oals *,

There muft alfo be a glafs that will a=
feend and defcend at pleafure in the verticak
groove a 4. 'Fo this glafs let there be fixed

* This chafingdith may be enclofed in a paint-
ed tin box of about a foot high, with an aperture:
at top fomething like Fig. 3. It fhould ftand on
four fhort feet, to give room for the fmoke of the
Jamp to- pafs out.

a cord
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acord, that going over a pulley ¢, paffes
out of the box at the fide CD, by which
the glafs may be drawn up, and will de-
fcend by its own weight.

On this glafs may be painted a fpecre,
or any other more ‘pleafing figure. Ob-
ferve that the figures muft be contraGed in
drawing, as the cloud of fmoke 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 ina proper di-
retion, you place the box or pedeftal
ABCD on a table, and putting the chafing~
dith in it, throw fome" incenfe in powder
on the coals. You then open a trap doot,
and let down the glafs flowly; and when
you perceive the {moke diminith you draw
up the glafs, that the figure may difappear,
and fhut the trap door. This appearance

will occafion no fmall furprize, as the fpec-
‘ tre
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tre 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 {peGators may not perceive the aper-
ture by which the light comes out. Tho’
we have mentioned a fmall magic lantern,
. yet the whole apparatus may be fo en-
larged, that the phantom may appear of a
formidable fize.

By having glaﬂ'es properly painted, you
may alfo produce the image of a flower,,
or a card, &c. like one you have burnt,
and caft the afhes into the fire with the
incenfe, and by that means pretend to make
the image rife out of the afhes; with many
other devices that every onc may contrive
of that kind which fhall pleafe him beft.

. RECRE-
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‘RECGREEATION XHL:

B T/)e magzcal theatre. "’

:\,,1

Y makmg fome few addatwns to the
" magic lantern with the fquare- tube ¥;
ufed in the ninth Reereatidn,- 'various
{cenes, charalters; and decorations of a

theatre may be hvely reprefented
I

Let there bc 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 a4 ftand EF; that muft' go
round it, and by which it may be fixed
with.two fcrews to a table. Place over i
a tin cover, as in the common lantern.

| Mal&e'an"épe‘n’ing in ‘its-two narroweft
ﬁdes- ‘in one’ of w'hlch place the’ tube H,

* .It is. quxte neceﬂ'ary to maka xho lantern ‘mucb
larger than common, . that the abjecls painted on
the glafles, ‘being of a larger ﬁZE, may be repre—
fented with -greater precifion, ‘and confequently
their fevera.l chara&ers more ﬁronoly marked. .

BRI s o ‘and

PR
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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 another

- thatis moveable, in order to bring the

glaﬂ'es, or concave mirror, that are con=

tained 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 : thislamp fhould
have five or fix lights, each of them about
an inch long. See the Figure.

At the beginning of the tube H, tcward
the part N, make an opening of an inch
wide, which muft crofs it laterally : an-
other 'of three quarters of an inch, that
muft crofs it vertically, and be nearer the

~ box than the firft; and a third of half an
inch, that muft be before the firft.- = -

-y The opening made laterally muft have
three or four grooves, the fecond two, and
Vor. IL, E the
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the third one: that different fubje@s of”
figures and decorations may be pafled,.
either fideways, afcending, or:defcending,.
£ that the fcenes. of a theatrc may be-
the more exaéily imitated *. Enclofe thefe:
grooves between: two eonvex re@angular
glafles, of fix inches long,. and five inches-
Bigh, and of abom*twcniy inchesfocus; one-
of which muft be placed at O, andthe other
toward P. Have another. tube Q- of’
about a-foot long, which. muft: enter
that marked HS. and at'its ontward extre—
mity place a lens of about- fifteen inches-
focus.

There muft alfo be a third tube R, four:
tnches long, which is - to enter-that- mark—
“ed I: tothe exterior end of this adjuft a
eoncdve mirror; whofe focus muft be at
feven or eight inches: from' its: refleing:
ﬁxrface.

* In the decorations,. the c!ouds and* tlve pn-
. laces of the Gods fhould: defcend ; caves and in<-
fernal palaces fhould afcend;: casthly pala.ces, gar--
dcm, &e. enter at thefides.

"This-
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This magic lanthorn being thus adjuft-
ed, nothing more is neceflary than to pro-
vide glaffes, painted with fuch fubjects 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 groves, you draw out the move-"
able 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 fize, and fix
in ita plate of clear glafs, over which you
pafte a very thin paper, which muft be
_varnithed, that it may be as tranfparent as

. poffible. ’

It iaon this paper that are to be exhi-
bited the images of all thofe obje@s, that
by paffing fucceffively through the grogves,
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

/ Ea - llulion

‘T
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illufion” cannot by any means bc difco-
: vcred ‘

In order to fhow more clearly in what
manner a {ubje& of this fort fhould be
painted, and the glafles difpofed, we will
here make choice of the fiege of Troy for
_a theatric fubje&; ‘in which will be found
- all the incidents neceflary to the exhibi-
tnon of any other fubje& Whatcver

In the firft a&, the theatre may repre-
fent, on one fide the ramparts of Troy,
‘toward the back part the Grecian camp,
and at a further diftance, the fea and the
ifle of Tenedos. = We will fuppofe the
timc;a to be that when the Greeks feigned
to raife the fiege, and embarked, léaving \
‘behind them the wooden horfe, in which
were contained the Grecian {foldigrs.

. © On aglafs, therefore, of the fame width
* «with the aperture made in the fide AC of |
the box, you are to pamt a deep blue cur-

tain, -
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tain, lightly charged  with ornaments,
quite tranfparent. This glafs is to be

placed in the firft vertical groove, fo that

by letting it gently down *, its image may

appear to rife in the fame thanner as the
curtain of a theatre. '

" You muft have feveral glaffes of a pro-
per fize to pafs through the horizontal
grooves, and of different lengths accord-

ing to the extent of the fubjedt. You may
paint

' 'On'the firft, the walls of Troy.

On the fecond, the Grecian camp.

" On the third, the fea, the ifle of Tene-~
dos, and a ferene fky.

On the fourth, the Grecian trdops, by
detached ﬁgures.

On the ﬁfth other troops, dlfpofed in
battahons, and placed at'a diftance.

b All the glaffes that are to rife and defcend
muft be bordered with thin pieces of wood, and fo ex-
adly fill the grooves, that they mayaot flide down
f themfelves.. :

E3 : ' Oa
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© Oir'the fixth; ‘divers veflcld; ‘which s
the ghils advanées i m the groovc dnnini&
m ﬁzf H T

:On.:the fcventh, the woodm horfe nnd,
Sinon. : . L

‘On . the ezghths Trojm men and WO
men. 4 .

Thefe glaﬁ'es bemg propcrly pamted .
you place in ‘the 'horizontal grooves the
firlt, fecbnd, tht‘rd, and foux't'h 'l'hcn
draw up the ¢ curtam, 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 em-
barkiment; “and’ ‘pafs it qmtc through.
Next pafs, the oppoﬁte way; the fixth,
thch reprcfents ‘the Grecian fleet. The
ob_]eﬁs pamted’ on ‘the fourth, fifth, and
:ﬁxth qultc dlfappeatmg, you are to ad-
‘vance ?tile fevcnth, on Wthh is pamted the

. Unict yop.£38 procure glaﬂ'es well painted,
it were ))etter to/ reprefent fome comic . fubje&,
whcré commion paxmmgs may fuffice.”

wooden -
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wgogden.hosfer and...at; the, fame. fimer the
gkl wheze the Trojans will appear. to
.draw the horfe into the city. Thq cur-
stain is:thdntd bestet Gowyy: that syou: may
withdraw the fcenes of the firft acty and
place i theigrooves. thofe ahat:ard 'to.6om-
mpofe the fecond. Co

R T TR E I SRR A TS NIV RIE CURE S P
_ In the fecondl ak ‘may ‘be Teprefented
the pterior 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 act, may, be pamted in
the follovymg manner. .. ... .,

On the ﬁrﬁ, may be p:ﬂay:cs and houfcg,
J¢prefentmg the mﬁde of a mty
. On the fecond thc tcmplg o Pallas
in the centte. with -a clear mght apd the
moon, In_ the front  may be feen the
wooden horfe, that thFx ’Trg]anf hav:
;;laced near the temple of Pallas. ‘

~ On the'the third, “a tfodp of' d‘}zeekn,
'mth Sinon at theif hcad who are going
mrl s E ¢ i

\ .
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to open the gqtc;sﬂof the city, to;-the Gre-
cmns SRR Y Sttt g

On the fourth, dlﬁ’erent troops of arm-
ed Greeks; paxn_tcd on a long glafs, to
afford variety.

On the fifth, feveral troopa of Tro-
jans. ‘

On the ﬁxth various appearances of
fire and fmoke, fo difpofed, that this glafs
being drawn up above the others, the ob-

je@s painted on the firft glafs, may appear
in a conflagration.

Before! you draw up the curtain you
fhould ‘plate ‘the firft and fecond glafles.
You thén 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 ‘re-.
prefents the Tro_]an troops; obfervmg to
move thém' flowly both in advancing and
retreating, to imitate a combat *. Then

* He that mOVes the glafles, feemg the eﬁ'eﬂ:
hey produce, is the better able to render the repre-
fentation as natural as poffible.

draw
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draw up, b}f"(legfees,' thé fixth, oh’ which
are painted the fire, flame, and fmoke, fo
that the palaces and houfes painted on' the
firft glafs, may appear ‘to'take fir¢' gra-
dually, and at laft prefent a genetal donfla-
gration. = After having reprefented thefe
incidents with the greateft attention, you

let fall the curtam to prepare for thie third 4
at. - . : ’ \”"'

In the third a@ may beé reprefented the
infide of Priam’s palace, where is ften an
altar, round which feveral Trojan pringefles
appear, who have fled thither for fafety.

. On the firft glafs may be pamted the
paJace o C

On the fecond, a view. ¢ of thc back part
of the Palace, with the altar.

On the third, Priam with. feveral Tro—
jan men and women. . . ...

On the fourth, Pyrrhus, and a troop
of Greeks.

" On the fifth, the fame a&ors, m;h the
palace in ﬂamcs. S e

N FAEN .A N .“ On
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. .On;th@ﬁx;h’ A»W@ﬂa%rﬁgoq*} i Yin;
The two firft glaffes which' are!to be
drawn up, thould be placed before you
raife the' curtain, Then ﬁafs the third ;
tiext advance the fourth, ~which - bcmg
drawn up, difcovers on the fifth the palace

in flames, then drawing up the fixth, let
down the firR, that the palace may ap-
pear -entirely'de&réye'd by the conﬂagra;u‘

tion. . ' . e

The fourth a& may n:prefent the en-
virons of Troy, 'with a diftant profpe& of
the fea The ﬁrﬁ and thlrd glaﬁ'cs of the
firft aél may bc here ufed, to which may
be added a thlrd rcprcfenung Eneas bear-
ing h:s father Anchxfes, followed by fus
fon Talus, ‘and fome Trojans, : Wxth this
glafs may be reprefented the flight of the
T rolans, and the émbarkmcnt of Eneas, -
with adother glafs on whrcfl arc pamted. ‘
feftaln veflels.

| Tmhas a& the following {oenes my b¢
added. ., The cave of KEalus; the: back
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part of the cave; Zolus; the winds; ]u-
mmlmchanm. e s
The ﬁfth a& ihould repr@fcnt thc open
fea, with . the fleet of Encas fa!hag for-
’ M’- st o :
On thc ﬁelt ghsfs muﬁ be pamtcd the
fga, as. in. the tenth Recreation, oy elfe
‘the waves thould be imitated by another
glafs under the firft. *
On the fecond, The Tro.}an ﬂect '
On the thml, Neptune in his car.
On the fourth, the palace of Jupltcr
“'On the ﬁ&h, the infide of the palace;
thc Gods aﬂ'cmbied in council, with Ve~
naus, obmmmg leave of Jupiter. for Eneas
,io Iand in Italy,

Afner havidg inlaced the firft gl:li"isa that
aeprefents a calm fea, thecurtain ig raifed,
and the facond feene is advanced, which
t¢ontainis the Trofan fleet.  The firft is
éen brought forward, to reprefcnt a vio-

lent
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- lent'tempeft: .then raifing:the third glafs,

Neptune appears, who.~ commands the
waves to be ftilly which is done by mak-
ing the tempeft {ubfide by. degreés. . The
flect then advances, and pafles over the
 whole theatre:- prefently after the fourth
and fifth fcenes defcend, that reprefent
. Olympus, and finifh the exhibition.

- Note, We muft here repeat, that if you
would reprefent a fubje@ of this fort to
advantage, it is quite neceflary that the
glaffes be well painted : and thofe that are
to be in front, fhould be in ftronger and
‘more opaque colours, that the images
~.of thofe behind may not appear mix-
.ed with them, which will be the. cafe
if they are all equally tranfparent.

The glafles fhould alfo be of different
lengths, that fome being placed before
the others are drawn away, ‘their ex-
tremities may not be perceived.

: (,' ";' :’," - ThC
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- ../The larger - thefe fubje@s are reprefent-
ed the better effet they will have:  the
front of the theatre fhould appear to be
about three feet wi‘de: ‘and, as we have
faid elfewhere, if fome parts of the figures
were moveable it would ftill add to
‘the variety of thé entertainment.

This and moft of the other Recreations =
-we have here given in the twa firft parts
‘of Optics, appear to have been invented by
M. Guyot, who has taken no fmall pains
in the improvement of this fort of recrea~
tions, L
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CATO:FTRIG&

CATOPTRICS is that part of opna

whu;h explams the properties, of re~
fleted lxght, and paruculatly, that whxch
is reﬂc&ed from ;mrrors.‘

3

DEFINITIONS, |

1. Every polithed body that reflects
the rays of light is called 4 mirror, whe
ther its furface be plane, fpherical, coni«
<al, cyhndrlc, or of any other form what-
ever. . \ Do
- 2,-Of mirrors thcre are three prmcxpaF
Iy ufed in optical experiments, which are,
 the plane mirror, G HI, (Plate'V. Fig.'1.)
the {pherical convex mirror, G H1,{Plate
V. Fig. 2.)and the fphencal concave mxrfor,
GHI, (Plate V. Fig. 3.)° Loy

3.. The point K, (Plate V. Fig. 2 and’ 3.)
round which the refle@ting furface 'of *a
fpherical ‘mirror is deferibed, is called-its
centre. . The line K H, drawn from its

' : " centter
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center perpendicular to its two furfaces,
s the axis' of the mirror,and the point
H, to whlch that line is drawn, is its vor-
':teg‘) vep Yo ? R § (, N

e 'The dﬂ‘lance between the lines AG
and BG, (Plate V. Fig 1) i called the
angle of incidence, and the diftance be-
" tween BG and CG is thc angk of reflec~
tion.

- o
T 3

AEFHORYSMS.

I In E plam Mnrror

a0 T
1. The xmage DF, (Plate V Fxg. r)
will appepe- 35+ far; behind : the mirror, as
the obje@. A.Cisbeforevit -, .+ L.
~y2. 'The/image will appoaruof tbeffame
ﬁm anﬁ}‘m\the fame. peﬁrtwmaa thﬁ ob~
m, Loy DI
3. Evtry fuch mm;qr WLH 2efle® the
image of anqbjed oftvvme s owdTength .
‘?ﬂdb‘ﬁ%dthb SN LI E S
.. 40 JE the obje& be an Qpa;(;usa body; and
m rays fall on the mitror-nesrly in-direct
ﬁ;&ea, there will be only one image vifible,
: , which
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-the ‘mirror,- inverted and dmnm{hed as:
DEF, (Plate V. Fig. 4.)

5. The funs rays filling on a concave,
mirror, and being_ parallel', will be col-
le@ed in a focus at half the diftance of its
center, where their heat will be augment-
ed in proportion of the furface of the
mirrer to that of the focal fpot. ’

6. 1f a luminous body be. placed: in.
the focus of a concave mirror, its m}'s.
being refleted in parallel lines, will
ftrongly enlighten a fpace of the fame-di-.
menfion with the mirror, at a great dif--
tance, If the luminous obje& be placed.
nearer than the focus, its rays will di-
verge, and confequently. enlighten a lar-.
ger {pace *.

IV. In all plane and fpherical mirrersthe -
* angle of incidence is equal to the angle of*"
refle@ion ..

* It is on. thns pnncnple that reverberators are,
. conftrutted. '

4, This aphonfm holds true of cylindric mirrors.
alfo, but not of thofe whofe furfaces are, ehptwal.,
parabolig, &c. -

RECRE~
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-the ‘mirror,- inverted- and dnmmfhcd as:
" DEF, (Plate V. Fig. 4.)

5. The funs rays filling on a concave,
mirror, and being_ parallel', will be col-
le@ed in a focus at half the diftance of its
center, where their heat will be augment-
ed in proportion of the furface of the
mirrer to that of the focal fpot. ,

6. 1f a luminous body be. placed: in.
the focus of a concave mirror, its rays
being refleted in parallel lines, will
ftrongly enlighten a fpace of the fame- di-
menfion with the mirror, at a great dif-
tance, If the luminous obje@ be placed.
nearer than the focus, its rays will di-
verge, and confequently. enlighten a lar-
ger fpace *.

IV. In all plane and fpherical mirrersthe:
- angle of incidence is equal to the angle of*"
refle@ion t..

* It is on. this.princip]é that reverberators ars,
. conftruted.

+, This aphorifm holds true of cylindric mirrors -
alfo, but not of thofe whofe furfaces are, ehpttcal..
parabolig, &c. -

RECRE~
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RECREATION XIV.
The éo?mdlq/.'r gallery:

(CONSTRUCT 4 box AB, (Plate VL

Fig: 1.) of about 4 foot long, eight
inches wide, and fix high ; or what other
dimenfion you fhall think fit, provided it
does not greatly vary from thefe proportions:

On thi¢ infide of this box, and againft
edch of its oppofite ends A and B, place a
mirror of the fame fize. Take off the
quickfilvet from the mirfor that you place
at B, for about an inch and an half, at the
part C, where you are to inake a hole in
the box of the fame fize, by which you
may eafily view its infide. Cover the top
of the box with a frame, in which muft
bé pldced a tranfparent glafs, 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 two pieces

' F2 of
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of cut pafteboard let there be fkilfully paint—-
ed, on both fides (fee Fig. 2. and 3.) any
fubje& you think preper; as’woods, gai-
dens, bowers, colonades, &c, and on two.
other pafteboards, the fame fubjecs on one:
fide only; obferving that there ought to be:
on one of them fome obje& relative to the .
fubje& placed at A, that the mirror placed:
at D may not refleCt the hole at Con thc
oppofite fide.

Place the two boards' painted on bo;h,«
fides (Fig. 4.and 5.) in the grooves E.
and F; and thofe that are piinted. on one
fide only, 'againft the oppofite mirrors C:
and D; and then cover the box with its.,
tran{parent top. This 'bvox thould be plac—i o
edin a_{trong light to have a good éﬂ'q&. ,

When the eye is placed at C and views:
~ the obj e&s on the mhde of the box, of‘.
which. fore, as we ‘have faid, ~are pamted‘;
on both fides, they are fuccefﬁvely refle@--
from one mirror to the other; and if,,
T - for:
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for example, the painting confifts of trees,
they will appear like a very long vifta, of
which the eye cannot difcern the end : for
seach of the mirrors repeating the objes,
«continually more faintly, contribute great- *
ly to augment the illufion. '

R ECREA'TIO N Xv.
The four magical mirrors.

TAKE a fquare box ABCD, (Plate V1.
- Fig. 4.) of about {ix 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
CHF D. '

* Place certain obje@sin relief on the bot-
tom of this box ; fuppofe, for example, a
 piece of fortification, (as Fig. 5.) with
tents, foldiers, &c. or any other fubje&

v ‘* We do not. mean to limit the bex to this
fize ; any other may be ufed, provided, however,
that it-have nearly the fame proportions.

F3 - that
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that ydu judge will pro&ucc an agfceablc
effe@ by its difpofition, when rtzpea.tedlyr
. refleCted by the mirrors,

~ On the top of this box place a framc of
glafs, in form of the bottom part of a py-
ramid, whofe bafe AGEB, is equal tq

the fize of the box : its top ILM N, muft
~ form a fquare of fix inches, and fhould
not be mare than four or five inches higher
than the box, Cover the four fides of
this frame with a gauze, that the infide
may not be vifible but at the top ILMN,
~ which fhould be covered with a tranfpa-
rent glafs, ' :

When you look into this box through
the glafs ILMN, the mirrors that are
diametrically oppofite each other, mu-
tually reﬂec‘}ing: the figures enclofed, the
eye bc_:_holds aboundlefs extent, complete-
ly covered with thefe objedis; and if they
are. properly difpofed, as in the example
here given; in Fig. 5. the illufion will

‘A occafion
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®ccafion no fmall furprize, and afford gtreat
entertainment.

Note, The nearer the opening ILMN
is to the top of the box, the greater will
be the apparent extent of the fubject.
The fame will happen if the four mirrors
placed -on the fides of the box be more
elevated. The objecs, by either of thefe
difpofitions, will appear to be repeated
nine, twenty-five, forty-nine times, &c.
by.taking always the {quare of the odd
numbers of the arithmetic progreflion 3,
5y 75 95 &ec. as is very eafy to con-
ceive, if we remember that the fubje@
enclofed in the box is always in thé cen-
ter of a {quare, 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 pla'cedv perpen-
aicular on a triangular, pentagon, or

Fq . hexagon,

-~
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: hcxagon,(that i5,a t.brce, ﬁvc, orﬁx-ﬁded)w
planc . All: thefe: different dd:poﬁuons, :
properly direfted. as well with regard to . -
the choice ag pofition of the objects, will
conﬁantly produce very rcmarkable and
plcaﬁng 1lluﬁons. L e

' Yy
. ;o PO A

If inftead” of placing the mirrors per-
pendicular,’ they‘ were to intline equally,
. {oas to form part of a reverfed pyramid,

~ the fubJe& placed in the box Would then
have the appearance of a vety exten-
five globular or many—ﬁded ﬁgurc

RECREATION XVL
., ,; ,: T ?ze ':_e;;clzazzted fal_ace.

ON thc hexagonal or fix-fided plane

ABCDEF,(PL VIL Fig. 1.) draw fix
~ femi-diameters G A, GB, GG, G D, GE,
GF, and oneach of thefe place perpendi-
cularly, two plane mxrrors, Whlch muft'
G Jom

L



RECREATIONS. 73
join exacily at the center G *, Dgcomte ‘
thc exterior boundary of th;s plede (yvhlcl}
is at the extrem}ty of the ang}eg; Qf the
hcxagon) with fix columns), ttbat at the
' .{ame time ferye to fuppoxt the mirrors, by
grooves | formed on their inper fides. (See
the Proﬁlc, Flg 1.) Add to thefe columns
their entablatures, and piver the edifice in
fuch manner as you fhall think g;g')p,t:r.

In each one of thefe fix tnangular .
{paces, conta(med between twa mxrxorsz '
. place little ﬁgures of paﬁeboq;d in ;ehcf .
reprefenting fuch objeQs ag when feen in
an hexagonal form will producean agree-
able effe,” To thefe add {mall figures of -
enamel ; and take pasticular cate to con=
ceal, by fome ‘object that has relatlon to
the fubjed, ‘the place where the niirrors
Jom, ‘which, as we have fzud beforc, alj
mect in the common center G

* Thefe mirrors, placed back to badk, mﬁ be
as thlnas poﬁible, T

th/nv



#s# RATIONAL

W‘hen you look into any one of the
fix operings 6f ‘this mag1ca1 palace, the
Ao'b.]e&s there contained bemg repeated fix
times, will feem entirely to fill up the
whole of the building. This illufion ‘will
appear very remarkable; efpecially if the
objects made choice of are properly adapt- -
ed to the effe& that is to be produced by
the mirrors.

Note, If you place between two of thefe
mirrors part of a fortification, as a curtain
and two demibaftions, you will fee an en-
tire citadel, with its fix baftions. Orif you
place part of a ball-room, ornamented with
chandeliers and ﬁgures in enamel; all thofe
objeés being here multiplied will afford a
very pleaﬁng profpe&. ' :
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RECREATION XVL

o draw an irregular figure, -which fball
appear regular when viewed in a plane
_mirror.

DIVIDE the fquare ABCD (Pi VIL

Fig. 2.) into fuch number of leffer
fquares as you fhall think proper, and then
draw on it the fubje& you would repre-
fent. Make the line GF (Fxg 3. )equal to
a fide of the fquarc ABCD; ‘and after
having divided it into two equal parts at
the point E, through that point draw the
indefinite line A B, which muﬁ cut thc
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 AC and A D, which
you muft continue till they meet the line
CD, Pgrallcl to GF.

On the point A draw AH perpendicu-
: lat to A B, and of an equal length with the
line.
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fine CD, that is, double of that which

forms's fide of thé ffuare A BCD.

" Divide the Tine CD into as many equal

-yparts.as there are in a fide of the fquare
ABCD, and from the point A draw the
lines Aa, A4 From the point of view

"H, draw the line H D, which by cutting
“the lines A 4, A B, A 4, will fhow you the

' ' poinits ‘of the feGtion from which you are
“to draw the lines f g» parallel to GF and
C D

Then tranfpofe on the trapezium, or .
Jdrregular four-fided figure, GFCD (which
wilt be divided mto as many perfpective
fquares as there are natural fquares in
Fig. 1. ABCD) the defign fraced on that
fquare ; and on the line FG, place per-
pendicularly a mirror of an equal fize with
that fquare. The diftorted figure traced
on the trapezium GCED being then viewed
in the mirror from a point elevated per-
@end'kfulﬁrly over the point B, to the height

' ' of

A}
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of CD, will appear exaitly fimilar tq that
traced on the fquare ABCD. It will ap—
pear equally regular if the mirror be taken
away, and it be viewed from the point H.

~Note, Before you colour the difterted:
figure drawn.on the trapezium, you thould:
pafte it on a board of a parallelogram fi--
gure, whofe fides are equal to the lines:
EB and CD; and. il up the {pace beyond:
the. ti:apcznurn thh fuch figures ag yous
~ fhall ‘think proper, the better to dif~-
gmfe it: thefe extra figures will not ap-~
pear i the mirror,. if you have the.pre—
, cautxon to raife at the point B a ﬁand that
{hall bear a circle with a finall hole, thro
which the obje& is to be {feen in the mir-
- This contrivance will conﬁderably"
augment the.illufion.. .
3

’ .
RS

., . RECRE-
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RECREATION XVIIL,
The magical dial.

ROCURE a dial-cafe as ABCD (Pf

VIL Fig. 4.) of the fize of thofe that
are coinmonly ufed to hold a watch. Let
it be placed on a pedeftal CDEF, in which
there muft be a fmall drawer, 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 needley
placed on the point of an axis, which,
pafling through the plate, carries on its
other point an artificial magnet, that muft.
be concealed. in the part under the
plates, '

Place at the bottom of the dial cafe, at
the part F, another dial, the hours of

* The magnetic needle itfelf may do, if it be
not too far from the other dial. That this needl¢
may not be fufpeéted of having been touched i€
may be gilt, fods to appear like brafs. ‘

' which

\
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which are to be reverfed, as is exprefled.
in Fig. 6. and whofe hour of twelve muft.
be placed next the front of the cafe E.

Adjuft 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 pafs in.and:
illumine the dial that is there placed.
Taoward the top of the dial-cafe place an.
inclined mirror L M, which by reflefting,
the dial placed at thie bottom of the cafe,
will make it vifible at the part N, where
you mutft adjuft a circle of pafteboard, that:
bordering the part where the dial appears,.
and being placed on the infide, will pre--
vent the borders or' the back part.of the,
mirror-from. being feen:

- Matters being thus adjufted, when the
-hand of the dial (Fig. 5.) is fet to-any hour,
and it is placed in the drawer, fo that the-

o hour:
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hour of twelve may be next the ring by
which it is pulled out, the hand of the
other dial,” placed at " the bottom of the’
cafe, will’ dire@' itfelf to the fame hour,
and by looking at the part N, you
will fee, by the refleGion of the mlrror,
the hour appear i’ the front of the dlal
plate. '

Gwe the dial (Fig: 5.} to axry orte, aid
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

fee that' the hand of the dial at top will
dire& itfelf to the fame hour.

Note, If attention be bad to place the”

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

the dial which is concealed (and “which
will of itfe}f turn toward the north, when
the other dial is'not under it) dire& itfetf

to the prefent hour when the experiment is
" making, it will appear the more extraor-'

6 -, .Dary;
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dinary ; becaufe, when the drawer is taken
away, it will again turn to-the prefent hour,
which will render the caufe of the illufion
ftill more myfterious. - = -

"RECREATION XIX.
" The box of divination.

L ET a box be made with hinges, like

ABGP (Pl VIII Fig. 1.) of about
eight -inches long, two wide, and half an
inch thick ; * divide the infide of it into
four equal parts, by fmnall partitions.
Have four fmall ¢afes E, F, G, H, which
- will each of them fit any of the divifiors,
and in each of them you muft 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

iw?dry, on which you are to write any four
figures you thall think fit, '

'To a table I L, whofe wood is not too
thick, fit a-drawer, at the bottom of which
Vor, IL G  muft
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muﬂ: be placed an mchned mirror. M N, of
the fame length and breadth with the box
juft mentioned. Under the board that
forms the top of the table, and toward the
fide where the drawer opens, place a fmall
brafs rod, turned up at jts 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 fupport four crrcles of
pafteboard P QR S (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 bot-
tom of the drawers, that when it is opened
they may . be feen in the mirror there
placed. Have regard alfo to the difpofi-
tion of the poles of the needles, in the
manner as is clearly expreﬂ'ed in the third
ﬁgure

7 : ,
- Matters
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Matters being thus prepared, when you
have placed on the table the box and the
four numbers there included, {o that they
may be exally over the four circles of
pafteboard concealed in the drawer, that
is, that the centers of the one may be pre-
cifely 63re; the centers of the other, the nee-
dles on the circles will conform themfelves
exaltly to the magnets in the cafes; fo .
that, if an inflant after having placed the
box, you open the drawer fo far as ‘to fee
the mirror, you will there perceive the
number that the four figures on the cafes
make.

| ~ Then give thlg 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 ﬁrxi;ly clofed. You then place it on the
table over the circles, and opéning the
drawer, under pretence of taking qixt an
opera glafs, you caft your eye on the mir-
ror, and obferve the order of the figures
| Gz therg
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there exprefled. You then fhut the drawer,
and retiring to a diftance, pretend to dif~

cern, by the opera glafs, the number you.
have obferved,

. RECREATION XX,

The magical perfpeftives.

T the bottom of an heptagonal or fe~
ven-fided box, as ABCDEFG

(Pl. VUL Fig. 4.) of about eight inches
‘diameter, and an inch’ and a half deep *
Place a circle of pafteboard, of five inches
and a half diameter, very light, and move-
able, on a pivot fixed in the center H: on
this circle fix a ftrongly magnetic needle I,
and divide the circle into 21 equal parts,
as is exprefled in Fig. 7. 'The top of the
box:, is to be.covered with glafs, over which
you muft pafte a fheet.of very fine paper,
painted the fame colour with the box, and

* “This box thould be fo conftruted as to aps

pear to‘ be the pedeftal to the three- perfpe&xvcs
pereafter defcnbed. .

~

vaf-
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varm{hcd that the light may caﬁly pafs
thrOUgh it, and illumine the obje@s which
are to be wrote or painted on the pafte-
board circle. On the middle of the top
of this box ere& a column I, (fee Fig. 5.)
fupported on a pedeftal M, and erowned
with its capital Ni

In the glafs that covers' the box there
mutft be three- circular holes; at equal dif=
tances from each other, as O, P, Q, each
of them three fourths of an inch in dia~
‘meter, and en each muft be fixed, im-
inoveable, a perfpe@ive glafs, like that in
the fixth figure of this plate.

Conflrudtion of the per[pective glafs.

Provide a ftand of wood A (Fig. 6.) int
which a hole is made from top to bottom,
. of 3<4ths of an inch in diameter; on this
ftand place the perfpeétive B C, which .

muft have a fecond tube D, like the comi-
~ mon glafles. In the large;: part of it F,

- G3 there
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there muft be a fmall oval mirror E, which
inclines or is elevated as the tube D is
thruft in or drawn out. Let there be a cir=
cular hole at that part. of the. tube which
‘refts on the ftand A, that when the mirror
is inclined, you may fee through the ftand
of the perfpeCtive any obje& that thall be
placed in the box, under one of the holes
O PQ*  Let-the three perfpeives fo
conftruéted- be placed, immoveable; over
thofe three holes.

The combination of objects t'/zzbzt’ may be
- drawn on the moveable circle m the box.

This circle is to be divided, as we have
faid, into 21 equal parts, and each of thefe
divifions muft appéar under each of the
openings O, P, Qas the circle turns round
on its pivot. '

# At the bottom of the ftand of each perfpective
there may be placed a lens of five or fix inches in
diameter, to magnify the objcét,

| You
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there muft be a fmall oval mirror E, which
inclines or is elevated as the tube D is
‘thruft in or drawn out. Let there be a cir~
ceular hole at that part of the. tube which
‘refts on the ftand A, that when the mirror
is inclined, you may fee through the ftand
of the perfpetive any objeét that fhall be
placed in the box, under one of the holes
O PQ?  Let-the three perfpeives fo
conftructed- be placed, immoveablej over
thofe three holes. '

The combination of oljects that may be
- drawn on the moveable circle m the box.

This circle is to be divided, as we have
faid, into 21 equal parts, and each of thefe
divifions muft appear under each of the
openings O, P, Q,as the cu'cle turns round
on its pivot.

# At the bottom of the ftand of each perfpective
there may be placed a lens of five or fix inches in
diameter, to magnify the object,

” You
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You are to’determine what three ObJC&S
you ‘would ‘have appear under the three
perfpc&wes ; and fuppofing, for example,
that they are reprefented by the' numeral
ﬁgures i, 2, and 3, you will find that thefe
three figures will admit of fix combinations
or different difpoﬁtions, as
’2{3 1’332 2 3153..2535 7. 3’“2 3’7,1 *.

“Then. pIacc the numbers, or the ob_]e&s

they reprefent, in fuch order that the firlt
number, 1, of the firlt combination 1, 2,3,
may be in the firft 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 firlt number,
1, 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 0. apho'r‘ifmAxé. / .

G 4 The
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The circle being thus prepared, is to be
placed on its pivot, and to one of the feven
fides of the box (Fig. 4.) is to be adjufted
a lever or ftop, that being let down on
the circle, at pleafure, may prevent it from
turning.

thn the three perfpe&xves arg placed
on the box, and turned toward the column
ere&ted on.its center, if the f{malleft tube
be thruft 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 {mall tube be drawn a little way out,
the mirror becomes inclined, and you then
fee one of the three objeés that are placed
in the box, under each opening in the
ftands of the perfpeive, and thefe objeits
will neceflarily appear in the order-of one
of the fix combinations af which thcy are
alone fufceptible, :

. By placing the box on the table,
in which a magnetic bar, fix inches
long,
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long *, muft be concealed, and ‘whofe di-~
re&ion you ‘know, you may eaﬁly make
the three- obje@s above mentioned appear
oppofite the three holes O, Py (L with all
their changes; for nothing more is necef-
fary than to place the box according -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 amufements that are to be-made
with thefe perfpectives may be varied ac- -
cording to the number of different obje@s.
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 fubje@, the dif-
ference of obje¢ts making not thé leaft dif-
ference in the marher of performing this
Recreation ; which, when well executed,

* This bar thould be ftrongly impregnated, that
it may readily tura the pafteboard circle.

never
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never fails to excite the higheft'admiratior,

Firft then, you aré foto-place the miove-
able circle, that the three divifions ont
which there is nothing wrote may appear
under the three holes O, P, Q¥, 'and the
fmall tube of the petfpecives is to be
fo difpofed that the mirtors on the infide
may incline to forty-five degrees T, aftd re-
fle@ the obje@s placed under thofe holes. The
_perfpetives being thus difpofed, they are,
© placed on the table, and liberty i§ given

“thofe that defire it, to look into - them, as
they can ‘then fee no-obje€t. You'are then
to prefent to three different perfons, three
fuch objets as you fhall ‘think proper} s

~ * This muft be done privately, by means of
the check, before the machine is brought to the
table, , B
~ + That is, be half way between a’line drawn
perpendicular to the ground; and its furface. *

1 Thele objects may be either numbers, flowers,
cards, mottos, &c. it is only neceflary that 'the cir-
cle be properly painted. You may ilfo have dif-
ferent circles to vary the Recreation yet farther,
by privately changing them.

. We
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we * will - fuppofe ‘here the thre¢ nums<
bers Iy 2,37 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 perfpectives are placed; and give
each perfonliberty to choofe in which glafs
he will fee his ob_yc&“ S

o

When the- three partiés  have chiofe
their perfpeives; the box is to be placed
on the table, where the bar is concealed,
taking due care to fét it in fuch direGion
that the' openings O, P; Q, may corre=
fpond: to:thofe: parts-of the circle on whick
the objects are wrote: A fhiort time' muft
be given the circle to fettle; and then the’

* It is immaterial which glals the firt perfon
choofes, before the box is placed on the table, byt
if the fecond fhould not name that under which his
objed is placed, the box muft be moved ; however,
is is an equal chance but he does, and in that cafe

they may all three fee their objects at the fame
time, ‘

" check
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there muft be a {fmall oval mirror E, which
inclines or is elevated as the tube D is
‘thruft in or drawn out. Let there be acir=
cular hole at that part of the tube which
‘refts on the ftand A, that when the mirror
is inclined, you may fee through the ftand
of the perfpetive any objeét that fhall be
placed in the box, under one of the holes
O PQ2  Let-the three perfpeives fo
conftruéted- be placed, immoveablé; over
thofe three holes,

The combination of oljects that may be
- drawn on the moveable circle m the box.

This circle is to be divided, as we have
faid, into 21 equal parts, and each of thefe
divifions muft appéar under each of the
openings O, P, Q,as thecircle turns round
on its pivot. '

# At the bottom of the ftand of each perfpective
there may be placed a lens of five or fix inches in
diameter, to magnify the object,

’ You
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You are to determine what three ob_;e&s
you ‘would have appear ‘uhder the three
perfpc&wes ; and fuppofing, for example,
that thcy are reprefented by the numeral
figures i, 2, and 3, you will find that thefe -
three figures will admit of fix combinations
or different difpoﬁtions, as
1,2 3 1,3,2 25153..253, 1. 3,1,2 35251 %o
Then pIace the numbers, or the objects
they reprc_fent, in fuch order that the firlt
n’u'rhbéf,' 1, of the firt combination 1, 2, 3>
may be in the firft 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,
1, of the fecond combination, may be
placed in the fecond divifion Bj; 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 0. apho'r‘i(mAxé. l .
G 4 The
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never fails to excite the higheft'admiration,

Firft then, you aré-foto place the move-
able circle, that the three divifionis ort
which there is nothing ‘wrote may appear
under the three holes O, P, Q ¥, and the
fmall tube of thé perfpeives is to be
fo difpofed that the mirtors on the infide
may incline to forty-five degrees T, aftd re-

fle@ the obje@s placed under thofe holes. The
_perfpectives being thus difpofed, they are,
- placed on the table, and liberty is given
“thofe that defire it, to look into - them, -as
they can then fee no obje&. You'are then
to prefent to three different perfons, three
fuch obje&s as you fhall ‘think" proper't;

~ * This muft be done privately, by means of
the check, before the machine is brought to the
table. v B
~ + That is, be half way between a’ line drawn
perpendicular to the ground; and its furface. *

1 Thefe objects may be either numbers, flowers,
cards, mottos, &c. it is only neceflary that 'the cir-
cle be properly painted. You may alfo have dif-
ferent circles to vary the Recreation yet farther,
by privately changing them.

we
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we + will - fuppofe “here the three nums<
bers 1, 2,37 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 perfpectives are placed; and give

- each perfon'liberty to choofe in Whlch glafs
he will fee hrs ob_pc&* ' -

Y

When thé- three partiés Have chiofe
their perfpe&ives, the box' is to be placed
on the table, where the bar is concealed,
taking due care to fét it in fuch dire@ion
that the' openings O, P; Q, may corre=
fpond: tothofe: parts-of the circle on whick
the obje@s are wrote. A fliort time' muf¥
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, byt
if the fecond fhould not name that under which his
objedt is placed, the box muft be moved ; however,
is is an equal chance but he does, and in that cafe
they may all three fee their objeéts at the fame
time,

" check



check muft be privately let down. Thé
three perfons then looking through the
perfpeéive they have each of them chofe,
their obje&s 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 fpec-
tators to fee through which of the glafies
they' pleafe; requires. You may, however,
- to avoid charging your memory, trace on
the box certain figns, which at the fame
time that they appear to be ornaments;,
may fhow you in What dire&ion the box
is to be piaced

* You may thcn propoﬂ: to each of them to
~ make him fee his objeét through another perfpec-
tive, which'you do by removing the check, and
putting the box in a different dire&tion.

RECR E-
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RECREATION XXI
V' Téé penetrating perfpeitive.

'WITHIN the cafe ABCD, (Plate X.
Fig. 1.) place four mirrors, O, P,
Q, R, fodifpofed 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 overture, in one of which fix the
tube GL, in the other the tube MF, and
obferve that in each of thefe is to be in-
ferted another tube, as H and I*.

Furnifh the firft of thefe tubes with an
object-glafs at G, and a concave pye-glafs
atF.  You are to obferve, thatin regulat-
ing the focus of thefe glaffes, with regard
to the length of the tube, you are to fup-

-* Thefe four tubes muft termn&aée in the fub-
ftance of the cafe, and not enter the infide, that they
,;nay not hmdcr the effect of the mirrors,

. %

pofc
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Note, Thls Rccreatzon is the more ex=-
traordmary, ‘as it is very difficult to con-
ceive how the effe@ is produccd The
two arms of t'he cafe appearing to be madc
" to fupport the pcrfpe&xve glafs, and
to whatever obje& it is direGted, the ef-
fec is ftill the fame

o4

RECREATION XXII 1
' ‘T he magtczan f) mtrror.r '

N the partmon AB, (Plate. X. Fig. 2)
a foos h:gh, and ten mghes wxde. and 3~
“bout a foot diftant from each other. Let
them beat the commopn height of a man’s
head; and in each of them place:a tranf-
parcnt ‘glafs, furrounded with. .a frame,
.hkc acommonmnrror, L e

]

'Bchmd thls partmon place two mm'ors.
H and’ I ‘inclined to it in an anglc of
forty-five degrees *: let them be both clgh-
“teen inches fquare let all the fpace be-
- ’ * See page 90 o

tween,

A :
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tween them be enclofed by boards or pafte-
board, painted black, and well clofed,
that no light may enter: let there be alfo
two curtains to cover them, which may be
drawn afide at pleafure,

When a perfon looks into one of thefe .

| fuppofed mirrors, inftead of feeing his

own face, he will perceive the obje& that
is in front of the other; fo that if two

perfons prefent themfelves at the fame
~ time before thefe mirrors, inftead of each.

one feeing himfelf, thcy will recxprocally
fee each other.

Note, There fhould be a fconce with a

candle placed on each fide of the two glaf-

fes in the wainftot, to enlighten the faces
- of the perfons who look in them, otherwife _

this experiment will have no remarkable )
effedt.

This Recreation may be confiderably
improved by placing the two glafles in the
Vor. IL. H partition,
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PV I i . Ot u .
partition, in adjoining rooms, and a num<

* ber of perfons being previoully pIaced in one'
room,when a ﬁr:inger cnters the other, you

may tell him his face is’ dxrty, and deﬁre

him to look in:the glafs, which he will na=

turally do; and on fecing a firange face

he will draw back : but retutning to it, and

feeing another, anothcr, and ano’t’her, hke

the phantom kings in M'ICbCIPl what hlS

furprize will'bé is more eafy to concexve

than exprefs.. After thxs, a real mlrror

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 fﬁrtﬁer

altonithmeant, fce his own face; and may “be

~told, perhaps perfuaded, that aII he thought

he faw bcmre was mere imag 1nat10n.

H

How many tricks lefs artful than thw:,
have pafled in former times forforcery ;
and pafs at this timey in fome coumrxes,

for apparitions ? ' ' o

Note, When a man locks in a mirror
that s pla\_cd perpendicular to another, his
‘ ' face

\
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N face W1ll ‘appear cntlrely deformed If .
',the 1mrror be a little inclined, fo as to
make an angle of eighty degrees (that is
one ninth part from the perpendicular) he
‘wzll then fee all the parts of his face ex-
'cept the nofe, and forehead. If it ‘be i in-
‘clined to ﬁxty degrees (that is,.one third
part) he w il appear with three nofes and
fix eyes: in fhort, the apparent deforrmty
will -vary at each degree of inclination;
and “when the glafs comes to forty-five
~degrees, (that is, half way, down) the face
will vanith, If mﬁead of placmg the two
mirrors in this ﬁtuatlon, they are fo dif-
pofed that their jun&ion may be vertical,
their differcnt mclmatlons will produce o~
ther effects; as the fituation of the object
relative to thefe mirrors is quite different.
The effe@s’ of thefe mirrors, though re-
markable enough, occafions but little fur=
prize, as there is no method of con-
ceahng the caufe by which they are pro—
duced

H2z RECRE-
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RECREATION XXII

Polemofcopes.

Y the term polemofcope is meant any
inftrument, whether catoptric or diop-

tric, by which you may fee what pafles in
another place, without being feen from
‘thence. Thefe machines containone or more
plane mirrors, which convey by refle&ion
the image of the obje&t to the eye of the
fpeGator. ‘There are fmall inftruments of
this kind, made in the form of an opera- -
glafs, by which, while you feem to look
ftrait forward, you fee what pafles on one
fide, 'and by that mean gratify your cu-
riofity without the appearance of ingivility.

To the conftrulling of this fort of poles
moféope nothing more is neceflary than to
fix in a common opem glafs a {fmall mir-
ror, inclined to an angle of forty-five de-
grees, and adjuft a proper obje&t-glafs,
This glafs at the fame time may anfwér

' s
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its common ufe, by adding an -obje@-
glafs, and fo contriving the fmall tube that

it may remove the mirror at pleafure, as
in the 2ft Recreation. - - = |,

The f}fbe ofa pdlemofco;l)e may beplac-
ed againft a wall, the inclined mirror be-
ing a little above it, and turned outwards,
by which mean you will difcover what
paffes on the other fide, without being
feen yourfelf. An inftrument of this fort
would be of ufe in fieges, - where there is
danger without the wall from the fire
of the enemy; and on other occafions.
This inftrument may be alfo fo conftru&-
ed, that the tube may turn round, and the
mirror be elevated or deprefled, that you
may fee fucceffively and at pleafure,
all the obje&ts that you Would percelve if
you were at the top of the wall ggalnﬂ: '
which the inftrument is placed.

H3; . RECRE-



102 RATIONAL. |

RECREATION XXIV,
The enchanted mirrors. |

AKE a box of wood, of a cubical

. figure, ACBD, (Plate X. Fig. 3.)
of about ﬁftcen inches cvery way., Lct it
“be fixed on thc pedeﬁal P, at the ufual :
helght of 2 man 's head. In each ﬁde of
this box let there be an openmg of an oval

form, of ten mches high, and fcvg:n_ wide,

.l.

In this box place two mirrors A, D,
with their backs againft each other; let
them crofs the box in a diagonal ling, and
in a vertical pofition. Decorate the gpen-
ingsin the fides of this box with four oval
frames and - tranfparent glaffes, 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 curtains that
' they

.‘
[ I
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they may fee thquelves in the mirrors;
'when each of them, inftead of his own .
figure, will fee that of the perfon 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 evident,
for though the rays of light may be turn-
cd' afide by a mirror, yet, as we have be-
fore faid, they always appear to procecd '
in right lines.

RECREATION XXV.

The animated optic balls, -
" (by a fingle reflection. )

THIS picce of catoptrics, as well as thag
~ which follows of double refle@tion,
bemg of the clafs that produces the moft
pleafing illufion, we fhall here give a full-
~ detail of the manner- in which it is to be
executed, . |
‘ - Hg Provide
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- Pravide:a wooden box ABCD; af'av
bout two: feet high, and fifteen - inches
wide (Plate 1X. Fig. 1.) 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 pronle ABCD, Fig, .

2.) and adjuft to'ita partmon ST, of the
fame width, "ahd ‘that is fifteen inches
deep from'S t6 T'; ‘obferve, that this par-
tition will feparate the box into two di-
yifions, ‘the upper "of which muft be one
or two inches lefs than the under.

PR Pt

In the upper divifion, and toward the
, cxtreml‘ty S of the partition ST, and crofs
it, placel 2 fmall decoration K S, of the
figure of the outward fcene of a theatre,
in which lét there'be an opening of ten
inches wide, and eight inches “high.

* If the dimenfions of the box be larger, the
exhibition ‘will be more perfc€t ; and on the con-
srary, if itbe fmaller, it will be lefs perfect.

Behind
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Behind GhisTcene: place ‘the 'mirrob K Fj

(Fig:'2.): i an langle of fusty-five degrees,
as in the "comnion optical imachines,’ and
obferve that: itbe of the fame width'with
the:box, /and -darge - enough to cover the
overturepf the front feene, when: the eye
is placcd iat the tﬂanfparent glafs E

Decorate the mtenor fpaee KSBT |
_ with fuch dlﬁ'erent pamtmgs as you fhall
Judge w111 gqntrlbute moft to the pleafure
of the ezchlbxuon C°Vc; th‘e, top of  the .
~ box, ,frqm,}g;o,B, with a frame in which -
is a glafs lined with gauze, that the light
may enter the part KSBT. This firft
con{’cruéhon bemg made, in the proportmns ‘
and w1th the pl:ecautlons1 here laid down, ‘
4ou are. next to place the inclined plang,
hereafter defcnbed which muft be, of a
‘ fize to qnter this edlﬁce by a. back door
madeatGH,‘_' T

Corgﬂruﬁzan of the inclined plane.

This planc thould xnclme to the bafeof - -

" the ﬁru&ure in an angle of about thirty
- degrees,
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-Cargﬂrué‘hoﬂ of’ the wheel ﬁr remauntmg the
" balls inceffantly.

- In the center of the toothed wheel A,
(Plate IX. Fig. 5.) place a barrel with' a
_{pring, .and let it be alfo in the center of
the brafs rod FG. The pinion of the wheel
B is to take the teeth of the firft wheel
~ A; and.ts teeth are to turn the flyC, whofe

. wings muft be moveable, that'by being
more orlefs inclined, they may accelerate .
or retard the motion of the machxnc

To tbc wheei A lct there be .ﬁxed two
brafs rods » and at the extremity of each
there _q}gﬁ, be a box D, (fee the profile Fig.'

- 6. Plate X.) whofe overture M'N is clofed
by a valve H, that moves freely on the
pomt 1: the axis.of this valve muft come-
out beyond the furface of the box, that
the check L may be there placed, whxch

_® Fhe dxis of this wheel fhould proje&, that .'
itanay be.wound up-by a key, in the famc man- ,
mer as a clock. )

) ) ﬂlOUld
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1 \

- fhould. move frcely, and at the fame time
'with, the valvc Thefe boxqs muft.be large
enough to contain, each of thcm,onc of the
balls, that are, as we have faid, to roll on
the inclined plane, .(Fig. 2.) and ‘that- it
) ma)r enter at the fide M of the valve, which
muft then clofe. The fides of thefe l)oxes~
muft mchnc, as in Flg 5 Plate X
Obferve aIfo, that thls whcel muﬁ be
of aproper fize to place at the back of this
machme, near tha.t part where the-inclin-
ed plane is placed, (fee Fig. 4. Plate IX.)
that it may not only receive in its revolv-
ing boxes the balls, that after having roll-
ed on the plane, pafs otit by the groove -
O P, (Fig., 2.) but may alfo raife them a-
gain to the height C, (Fig. 4. )where there
fhould be a fmall 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 fucceffively ftop the checks L, which
are fixed to the axis of the valves, that it
- " may
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-maygive time to the ball'to pafs info'the box
at the part M,'and difeharge 'the ¢hbek 'L ¢
‘in like manner when the box comes to the
(height of the groove that is td eonduét the
‘ball to the indlined, plane, ‘there ‘mift ' be
another catch to open the valve axid dlf-
charge the Ball _ e
The whceI bemg thys placed, at the
‘back of the machirte;and the fpring wéun&
up, the bills will fcélanty defcend and
-vemount-titkthe fptihg in ‘the box it the
axis of the whcel is- quite unbetxt .

Wh‘én’ 3 fba}Hs »pﬁt- 'into'?hé groove at
the top, and rufis down the ihelined ptane,
‘he that looks intor t'he ghts placed in front
of the box; willi imagine that it afcehds by
various tutrings, and’goes but at’ the top
of the.edifice. “The appearance will be-
come the mote pIeaﬁng as the dlﬂ’érent

. & There ﬂmu}d be acafe over this wheel, with
a door to open, that the c/untm ance may b be quite
free” Fron’l dete&:ou ) '

windings
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Wmdmos of the ball are properly 3dapted
‘to the fub_]e& painted on the inclined
‘planc. This piece. whep. exccuted with
care, produces a very remarkable illufion,

.and is one of the moft pleafing Recreations
.of catoptrlcs :

"RECREATION XXVI.
T ﬁer j&)ze ex/ztémoh éy a dozzéle nﬁe&lon

HIS dxﬁ'gzs fro,m tbc fo;egomg by
havmg 2 mjrror inclined ip- an.angle
of forty-ﬁve dggrqcs, (fee. Plate IX Fig. z:)
in the room of the.inclined plane, and by:
havipg the plane pn which the, balls roll
placed near the part of the box TD
a ! S T Ny
Thcxe may be placed, moreover, toward
§T and in 3. poﬁn,qq almoft, herjzontals
little columns, arbours, or other ‘objects,
made of brafs wire, at equal diftances *,

#* This wire' thould have a fmall mclmatlon,
whlch may be two tenths of an inch for every foot;
.and the diftance between the wires fhould be fomes

X thmg ]efs than the dxameter of the balls

and



112 RATIONAL
‘and joined together at the bottom by feri«
circles, which muft be fo contrived ds not
to obftrut the courfe of the ball.

" If there be fufficient foom, you may
place, under the former, another finge
of wires, that have a fimilar “difpofition, ‘
fo that the ball, after having run over the -
firft, may defcend to the other; which.

will have aremarkable effect; asthe balls -

‘will feem to rencounter and pafs ovet each
‘other. ~ There muft then be two conduc-
tors, fo that one ball may enter -at one
fide, and ‘the othcr at-the oppofite fide.
There fhould alfo be a third conduétor,
which, after the ball has pafled over the
firft piece, may carry it to the top of the
dnclined plane, placed oppoﬁtc the fecond .
mirror, that it may then pafs through all
its wmdmgs '

| Note. fl’he[e‘ exhibitions may be varied
at pleafure, as that depends entirely on

* the tafte and mvcntlon of thofe that con-
S firu&t
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ftru@t them. You fhould obferve to give
but a vory fmall inclination to the grooves
in which the balls run. Thefe balls may
be of ivory painted, as thofe of brafs
make too much noife in the box, and are
fubjec to break the inclined mirror, when

by chance they jump out of the groove
and fall on it,

"The grooves thould be concealed as
much as poflible by paintings or ornae
ments.  They thould b¢ either of brafs,
tin, ot thin pafteboard. In a word, too
much care cannot be taken in conducing

exhibitions of this nature.

Vo, i  RECRE:
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RECREATION xxvn. |

To deferibe on a plam Surface an zrregular
JSigure, which fball appear regu/ar when
placed oppofite a mu/tzp{ymg gla/}, and

Jeen” by reflection through an aperture
made in the center of the Jrawmg.

W E fhall not here lay down the geo-

.. - metric manner -of drawing this fi-
gure, for it would hotonly be very com-
plicate, and extremely difficult to exccut:;
but when done could not fucceed, on ac—.
count -of the impoffibility of procuring
glaffes of this fort, whofe planes are equal-
ly inclined and perfedlly regular.

CONSTRUCTION. .

Procure of an able artift 2 mirror of
metal (Plate X. Fig. ¢.) whofe baft is a
hexagon of about two inchesand 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



RECREATIONS. 1ig

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 ofa fcrew, at the point A, (Fig.
5 J) Whlch ihould be eight or nine inches

Iugh and let the ftand be folidly ﬁ‘tcd ot
. the top of the box BC*.

< Avthe end € of this box (Fig. ‘5.5 place.
~ -an uprightframe with a groove, which is
to reémain there, and in which are to be
placed-the defigns, of about fifteen inches
-fquaré, containing the differeént diftorted
figures:that-are to appear regular, when
feen in-the glafs, which, as appears by
 the figurey will then be oppofite to it::

In the center of the drawing make a hole
_of about three tenths of an inch in diamea
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 pamtmgs that are to be feen by the

mirrdr ; it may beeight or nine inches wide, and
_ fifteen inches deep.

I2. exadly
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exaltly. oppefite , that hole, with: ita%&fq
parallcl to the dra,wmg or pxﬁure. =
Draw an 2 papet or paﬁcho&rdthe goo-
metrie plan of the multiplying gl (feg
Fig. 7.} and on that draw the delign. .you
would have feen in the mirror. Thefe
preparations being made with great atten-
tion, that is, th¢ mirror being properly
fixed, and the drawing rightly-adjufied;
look at the mirror through the hale Hy
made in the drawing, and holding therules
AB~*, by its handle D, (fee Fig. 6.) in
your left hand, move it in different di~
reQions over the drawing till its. fide G
appear to the eye (remaining, confiantly. at
H) to be exadtly even with one of the
fides of the glafs; there keep it fixed;
~ and taking the eye from the hole, draw
with a black lead pencil, that you have
ready in the othes hand, a line by the

* This ruler fhould be about three or four
inches dong, ‘'very thin and black. Tt may be
made of part of the fpring of a clock.

ruler..
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ruler. * Do the {ame by the other fides of
that face of the glafs, ard then the fpace
contained between thofe two lines will be
that.on which ‘you aré to 'tranfpofe that
part of the defign which is drawn on the
‘ correfpo&dmg facc in Fig 4. '
Dbtlie &ﬁxc by’all the other faces of
the. glafs, ‘and “you will then have twelve
faces-that 'will correfpond to thofe of the
mirror,” and which altogether muft confe- -
quently contain’ the entire’ fubje& that is
trace& on Flg 7 '

- Thefe {paces not dlﬂ’enng much ‘from
thofe of the mirfor, it will be eafy to trace
the obje@ that has been defigned; it will
be only heceflary 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 infpet
it by the hole H, that you may difcover
and re&ify any errors that may have been
made. Thefe fpaces may alfo be fubdi-

I3 vided,
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vided, as well on the defign as the diftert~-
cg figure, in the manner exprefled in Fig, -
8 and by that means the tranfpofition.

will be made vgi;h ftill greater facility.

| Laftly, you fhould fill up the va,can,t,’

parts on the pafteboard with figures that
have no analogy with thofe in the original

deﬁgn, and by that means ‘render it flill
~ more furpnﬁng,

This cxperim_en; will produce a mofk

agrecable illufion to thofe who are ig=
norant of the manner in which it is per-

formed: far, when looking at the point
H, they cannot dlfcover the leaft refem=
blance between what they fec in the mir-

ror, and the general defign on the pa,ftc-.
board.

Qbfcrvc, this drawing may alfo be
traced corre@tly” enough by means of
alamp, placed at the point of view H,
taking care to enclofe it in a tin cafe, and

to
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to adjuft to it a tube of about an inch
in diameter, and three or four inches
long, that can be protracted or fhortened
at pleafure When you ufe this method a
~ hole muft be made in the paper, large e-
~ nough to admit the end of the tube; fo
that the light falling on the feveral faces
of the glafs; they may bé refleted on the

paper, and fhow where each of them is
" to be traced. By this method the time
{pent 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.

14 -~ RECRE-
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'REQREATION XXVJIL: °. -
%o diftribe on a plane furface a defarnied
- figure, which fbell appear regular when

- wiewed by rgieﬂtau m a q/mdrtcgl mir=
ror. - ., Cre e

THE geometric method of de&nbihgn
this irregular figure, being, as'in the
laft Recreation, not only cxtremely dif-
/ ficult, ‘'on account of its different ‘curves,
but alfo liable to error from the want of
segularity in making the mirrors; we
thall }hcrc thew another method of de-
fcnbgng lt, far lefs learned indeed, but
much more concife, and eafily praéticable
by thoi'e dvho havc not a profound know-
: ledge of geometry, but are yet defirous of
drawmg thcfc forts of anamorphofes.

‘Let ABCD bé the cylmdncal mirror *,
(Plate XI, Flg 1 ) in which you would fec,
* F‘lg 6. Piate XI reprefents the pro‘,c&mn
of the cy’lmdnc ‘mirrar, drawn on paper.
T # . ‘ from
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from the point of view E, the deformed |
objedt . painted on the? baaid s PG Jn a
gegular form,

v . -
e A S LN R
e < N {

“On ‘a papet, or paﬁ-eboard draw the
circle AN [Fig. 2.) equal 1o the bafe BD
of the cylindric mirror ; and taking the
pomt B for. the diftance of the pgint of
wew from thc mlrror, -draw. thc hne AB,
whlch muIt pafs throughA thc center of
the circle.  Then draw the. . twp lines
BCandBD oy

- e

 ‘Divide the line CD into fix equal parts,

and draw from the pomt of view B, the
lines B4, which by cuttmg onc of thc ﬁdcs,
of the czrclc, yvxll dctermmc the pomts on.
which _you are to erc& the parallel perpen~.
dlculars, w}uch may be done by a ruler-
effeGtually obfcure thofe parts of - the cy~
]mder where they are drawn *, F1Y

* Yon may ufe foot and w}ute lead ground to-
gethcr with gum, a.fter havmg traccd the lmes with
] crayon T

> Thefe
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Thefe firlt divifions ‘being regularly
made, divide about two thirds of the helg'ht ’
of the fide CD, of the cylinder, into ten
or twelve parts, refpe@ively equal to thofe
of the diameter of the circle (Fig. 77.) and
" from the point of view E, draw the lines
E/, which pafling through all the pomts
of divifion, muft 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 thro’
thofe points draw ‘the oval figures 74
“making ufe of the fame colour as be~
fore. '

: ' R ,

Take a paper ABCD (Fig. 3.) whofe
two fides AB and CD muft be divided -
- into fix equal parts, and thofe of AC 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' difpof-
ed that its light may fall on the cyhndnc
~mijrror only.

P " When
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‘When you have fixed the cylinder on .
the pafteboard FG (Fig. 6.) and the lamp
is. placed at E, fo that its light cannot
fall on the pafieboard, but by refle&tion,
all the ftrokes on the cylinder will then
appear on the board, and may be eafily
traced with a pencil. By this means the
board will be divided into as many irregu-
lar {paces, as there are regular divifions in
the parallelogram (Fig. 8.) If, therefore,
you transfer to each of thofe {paces the
firokes of the defign that is on the paralle-
logram, it will appear quite deformed on
the pafteboard, and quite regular when
feen from the point of view E, efpecially
if due attention be had to drawing  the
" putlines of the figure,

.~ Note, The point of view thould be four-
or five inches above the upper part of the
mirror, that you may not be obliged to
make ufe of a véry large pafteboard : it
thould not, hbwever, be much higher, as
then the figure on the board would not he
{ufficiently deformed.
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By thm method.you may alfo draw ir-
regular figyres 1o, be feep in 3 prifm, or.
any other fort of mirror, provided they
can be traced and illuminated *.

Obferve, if you are defirous’ of pa?nt- .
ing thefe forts of anamorphofes to advan-
tage, you ‘maft not overcharge thofe parts
with colour that 'are moft dxﬁended, for .
when they become cantrated in the mir-
tor the colours ‘appéar unnatural. In'a
word, great attention is ncceﬁ'ary in draw-
. ing and’painting thefe fubjes, as on that

the ﬁxccefs pnncxpally depends. '

Y

© ® The geometric method of drawing deformed
objelts to be feen in a prifm, will be found at
large in ,‘hf treatife of Abbé Noller, .

R ECR E-
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Qﬂtwal appearancea.

Varwus wmcrs on optxcs have defcnbed a
great nurnbcr of mﬁanccs, Jin which it de-
CCIVCS uq, and have conﬁantly endeavour~
ed to mve{’agate the caufes, to explain
thcrr effeds, and to recom:;le appearance
with reahty -We every day dlfcow;f new
phenomena, and doubt.lcfs many more are

- referved for poﬁenty It frcquent]y hap-

pens, moreover, that a dlfcovery which at
firt feemed of little confequcnce, s led‘
to matters of the higheft importance.”

Take a glafs bottle A, (PL. XII Fig. 4.)
and fll it with water to the point B; leave
the upper part B C, empty, and cork it
in the common manner. Place this bottle
oppofite 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. pagé
65.) Place yourfelf ftill further diffant
than the bottle, and it will appear to you .
in the fituation g, 4, ¢4 (Fig. 5.}

Now it is remarkable in this apparent
bottle, that the water, which, according to
all the laws of catoptrics, and all the expe-
riments made on other obje&s, fhould ap-
pear at a b, appears on the contrary at ¢,
and confequently the part @4 appears
empty. ~

_ If the bottle be inverted and placed be~
fore the mirror (as in Fig. 6.) its image
will appear in its natural, erect pofition; -
and the water, which is in reality at B.C,
will appear at 4.

I whilé the bottle 1s inverted it be un«
corked, and the water run gently out, it
will appear that while the part BC is
emptying, that of @ 4 in the image is fill-
“ing; and what is likewife very remarks

able,
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able, as foon as thebottle is empty the'il-
lafion ceafes, the image alfo appearing en-
tirely. empty. . If the bottle likewife be
qulte full there 1 is no 1lluﬁon

' If thle the bottlc is held inverted, and
partly empty, fome drops of water fall
from the bottom A towards B G, it feems
in the 1rnagc as if there were formed at
the bottom of the part a4, bubbles of air
that rofe from’a to 4; which is the part
that feems full of water. Al thefe phe-
nomena conﬁantly appear: ‘

The remarkable circumftances in this
experiment, are, firft, not only to fee an
obje& where it is not, but alfo where its
image is not ; and fecondly, that of two
Objc&S 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 econje@ured, with
fome appearance of reafom, that this if.
Iufion arifes partly from our not being ace
cuftomed to fee water fufpended iz 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-
Ioured liquor into the bottle, for that will
appear in its proper place (M. Guyot.) -

RECREATION AXX. .

The perfpedive mirror.

PROVIDE a box ABCD (Pl XIL
Fig. 1.) of about two feet long, fif-.
teen inches wide, and twelve inches high,
At the end AC place a concave mirror,
the focus of whofe parallel rays is at
eighteen inches from the refle@ing furface. -
At IL place a pafteboard blacked, in which
B a hole
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“aold 3. cht fufliciently large fofepan | thé
mxuat H.r*eherob;s& plaged st BEFD-

I\_.x b,?‘..

C‘,pger tb; top bﬂ th;lbox; from A toI
- clofe, tl'gat the nurror H, may | be cntlrely
dgrgelned The c;)thf:r part IBz puﬁ be
ﬁogcrcd W}tb a glafgt ugdcr whxch is. placcd
Agauze,

T 20 dndr zonm s’m SR NIR

Mafcé an apcl‘ture at @ ‘near the tap of
“thie fide” ﬁ B béneath ‘whick, oh the ifi-
fide, place, th Tucceffion, pﬁr&tmgs of dif-
ferdnt fubj%&é 4s viflas, laridfeapks, &e.
fo that they may be in front of the mir=-
ror H{ ¥ Let the bx be i placed fhat the
obje& may be ftrongly illumined by the
fun; or by wax lights placéd under the en=
dofedpar{ofthe bOX.AI "’JJ /;) T b

5

‘ By thxs ﬁmpfe conﬁru&xon thc pbjeits
placed at GD will bc thx)own intg. theit
- ‘hatural perfpednve, and» 1f the fubjt&& be
properly chofe, the appearance will be
altogethcr as picaﬁng a$ in opn,cﬁl ma-
«<hines of 2 much mere complm.tcd form‘ :
Vor. H ‘K: ' Nozc,'
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Note, A glafs mirror thould be always
here ufed, as thofe of metal do not repre~
fent the obje@s with. equal vivacity, and
are befide fubject to tarnifh. Tt is'alfo ne-
ceffary 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
cafe, the right lines near the border of the:
. px&urc will .appear bent in the mirror,
‘which w1ll havea. dlfagreeablc effedt,, and
sapnot be av01ded ' |

RECREATION Xxxr._ |

'ﬂ' 0 jét jre toa ccmbuﬂxble Body, by the re—‘
ﬂeﬂwn of two 'comcave mirrors..

HE rays of a lummous body p!acecb
in the focus of a concave mitror be—
_ing refleted in parallel hnes, if a fecond:
mirror be placed diametrically oppofite the:
firft, it will, by collcétmg thofe rays im
its focus, fet fire to a combuihble body

Place ‘two. concavée mu'rors, Aand B
(PI XIIL: Fig. 2.) at about twclve or ﬁfteen
*feet
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feet diftance from each other, and let the
axis of each of them be in the fime line.
In the focus G, of one of them, ‘place a
live coal, and in the foeus D of the other,
fome gtmpowder. ‘With a pair of double
bellows;' Whlch indke a continual blaft,
keep conftantly hlowing the coal, and nots .
. withffanding the diftance between them the
powder will prefently take fire,

It is not neceflary that thefe mitrors be
of metal or glafs; thofe made of wood or
‘pafteboard, gilded, will produee the explo-
fion, which has formetimes taken effect at
the - diffarice of fifty feet; when mirrors of
eighteen inches or two feet diameter have
been ufed.

This -.gxperimcnt fucceeds with more
difficulty at great diftances; which may
* proceed from the'moifture in a large quan-
tity of ait. It would doubtlefs take effé&
more-readily, if a tin tube, of @n equal dia-
meter-with the mirrors, were fo be placed
betwean them. '

K2 RECR E-



132 ”RATPONAL

RBCREATION XXXII.
RETER R
T /zc real apparztzon.

.V'

BEHIND the ‘partition AB (Pl XIL.

Fig. 3.)" place, in a pofition fome-
‘ vthmg oblique, the concave mirror EF,
which muft be at leaft 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 muft face the mirror ; and be of
~ the fame height with it. Behind this par-
tition place a ftrong light, fo difpofed that
it may not be feen at the opening, and may
illumine an obje placed at G, without
throwing any light on thc mirror.

Bcn'e'ath‘ the aperture in the partition
‘place the obje& C, that you intend fhall
appear on the outfide of the partition, in
an inverted pofition ; and which we will

| ~ fuppofe
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fuppofe to be a flower. Before the parti=
tion, and beneath the aperture, place alit-
tle flower-pot D, the top of which fhould
be even with the bottom of the aperture,

‘that the eye, placed at' G, may fee the
flower in the fame pofition as xf its ﬁalk
came out of the pot. :

'l:axke carc to pamt the fpace betwecnﬁxc
, back part of the partition and the mm'er
black, to prevent any refle@tions of hght
from being thrown on the mirror ; in a
‘word, fo difpofe the whole that it may be
as little cnhghtencd ag poﬁible

When a perfon is placed at the pomt G, he
will perceive the flower that s behind 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.

Obferuation.

The phenomena that may be prodyced

by means of concave mirrors are highly
K 3 curious
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cpciops and aftanithing. By their aid, fpees
teep. of . various kinds soay -be. exhibited,
Buppele; for example, you wers tp, s;lkat;y
«ong, thag at fuch an hour, and.in{uch 3
p.hce. .h¢ thould fee the 4pparmon of an

* gbfent or deceafed friend (of whofe ponr;- '
trait you are in pofleflion). In order tq
produce this phantom, inftead of the hole
in the partition A B, in the laft ﬁgute, there
muft be a door, which opens into an apart-
ment to which there is a gonﬁdergble de=
dcent; - Under that. door you are to plage
the portrait, which muft be inverted -and
ftrongly illuminated, that it may be lively
reflected by the mirror, which muift be
large and well polithed, 'Then. hé.ving .

- introduced the incredulous fpetator at an-

. - ‘other door, and placed him in the proper

-point of view, you.fuddenly throw open
the door at A B, when, to his great afto- \
pithment, he will immediately fee the ap=

parition of his friend.

Tt W1ll be objected, perhaps, that this is
pot a perfe& apparitiop, becaufe it is only
.6 vifible
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@t one point of view, and by one perfon.
" Bat it thould be ,remembered, that it was
;an eftablifhed maxim in the laft centuries,
#hat a fpeQre might be wifibleto one per-
don and not to. othérs. .So .Shakefpeare
.makes both Hamlet and Macbeth fee appa-
ritions that were nat vifible to othess, pree"
fent at the fame time. It is not unlikely,

‘moreover, that this maxim touk its rife
from certain appatitions of this kind that

were raifed by the monks, to ferve fome
purpofes they called religious ; as they a-

lone were in poffeffion of what litth,leqm-

ing there then was in the world.

" Nothing here faid is intended to invali-
«date the belief that feparate fpirits may
hold converfe with men. He muft be
«cither very weak or very wicked, who can
awith to ‘difbelieve an opinion that is fo
‘highly honourable and- advantageous to
;humanity. ‘

Therc is one phenomenon we muft not
here -omit; for tho it be common enough,
Ks it~
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it is alfo pleafing, and eafy to be perform=
e8. 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. Ifinftead of your hand you make
ufe of a drawn fword, and prefent it in
. fuch manner that its point may be dire&-
ed toward the focus of the parallel rays -
of the mirror, another fword will 'ap-g -
pear, and feem to encounter that in
" your hand. ¥You are to obferve, that to
make this experiment fucceed well, you
mutft have a mirror of at leaft a foot in dia-
iﬁctcr, that you may fee yourfelf in part.
If you have a mirror large enough to fee
‘your whole perfon, theillufion will be much
more firiking. - This phenomenon, with
which fo much parade has been made by
fome modern experimental philofophers,
s defcribed by Baptifta Porta more than
200 years fince.
L CHRO:
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CHROMATICS

CHROMATICS is that part of opncs

which explains the feveral properties
of the cojours of light, and of natural
bodies.

'DEFINITIONS.

1. Thofe rays of light that are all equally
refrangible, are callcd fimple or homoge-
gial rays.

2. Thofe rays that have different de-
grees of sefrangibllity, arc called com-
pound, or heterogenial *.
~ 3. The colours of homogenial lxght are
called primary or fimple colours : and

4. Thofe of heterogeneal light, fecon-
dary or compound colours. |

5. A fpe@rum isa coloured image of the
fun, produced by the refration of a ray
of light letinto a dark chamber.

* The teyms hompgeneal and heterogencai are

denved from the Greek werds omos, the fame ; eteros,
armb:r ; and genosy kind or fpecies.

6, A
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6. A prifm is a glafs body, whofe twe
ends are fimilar and pavallel trippgles, and
iits three fides regular p!a,nes, .

.APHOR!SMB

1. All the colours in naturé proceed
from the rays of light.

2. There are feven primary calours,
which are red, orange, yellow, gteen, blue,
indigo; and violet.

3. Every ray of light may be .fanaﬁcd
into the feven primary colours.

4. The rays of light ‘in paffing through
the fame medium have different Jegrees
of refrangibility.

5. The difference in the cdlours of light
arifes from its different refrangibility, that
which is the leaft refrangible producing
red, and that which is the moft tcfrangu-
ble, violet *,

* [t is conjeétured that the different refrangibility
in the rays of light proceeds from their different
anagnitude : thofe of red hght, bcmg the largeft,
e make



RECREATIONS. 139

- {» By compousnding ady . two of the

. primary colours, as red and yellow, or yel-
jow and blue, the intermedidte solour, as.
grange origreen, may be produced.

7. Thecolours of badies arif¢ from their
difpofitions to fefle& one fort of rays, and
$o abforb the other.. Thofe that refleét the
leaft refrangible rays appearing red ; and
thofe that reﬂc& the moft refrangnble,
violet ¥, B

make the ftrongeft imprefion on the retina; and
thofe of violgt, being the fnalleft, make the weak-
eft impreflion.

% Tt appears highly probable, from obfervations -
made by Sir Ifaac Newton, that the difpofition of
bodies to refleét the- different rays of light, arifes
{rom the dx%rent fize ‘of their particles,  Thus;
‘the ‘azure colour® of the fky, arid the moft luminous
-white, as that of mhetals, he fuppofes to he produced
by particles of the.firfk arder ; byt if the white be
lefs intenfe, as that .of linen, paper, and “fuch
like fubftances, he conjeCtures that it arifes from a
mixture of particles of all orders. The green of
"yegetables he fuppofes to proceed from the third
order, and .the particles that caufe blacknefs, to be
- §maller than thafe. that produce .any of the colours.

. ‘ ‘ 8, Such
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8. Such bodies as refle@ two or more
forts of rays, appear of variouscolours.

9. The whitenefs of bodies arifes from
their difpofition to refle& all the rays of
light promifcuoufly. '
10, The blacknefs of bodies proceeds
from their incapacity to refle& any of the
rays of light *, '

RECREATION XXXIIL

Out of a_fingle colourlefs ray of light to pro-
duce feven other rays, which fball paint,
on a white body, the feven primary co-
lours of naturg;

ROCURE of an optician a large glafs
prifm D EF, (Plate XIIL Fig. 1.) well
polithed, two of whofe fides muft con-
tain an angle of about fixty-four degrees,
Make a room quite dark, apd in the win-
dow fhutter A B, cut a round hole, about

®* From hence it arifes that black bodies, when
expofed 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 pafling,
falls - on the: prifm DEF, by -that it is
refraled out of the dire&ion I F, in which
it would have proceeded into another G
H, and falling on the paper MNSC,
will there form an oblong fpeGrum P Q,
whofe ends willbe femlclrcular, 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 fpectrum will exhibit all the
_primary colours; for the rays between P
and V, which are the moft refraed, will
paint a deep violet; thofe between V and
I, indigo; thofe between I and B, blue;
thofe between B and G, green; thofe be-
tween G and Y, yellow; thofe between
Y and O, orange; and thofe between Q
and R, being the leaft refracted, an in-
tenfe red *. The colours between thefe

* For this reafon it is that the rays which are
near the edges of a lens have different degrees of

refraction,
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fpaces will not be every whete equally itia
tenfe, but' will incline to the neighbouts
ing colout; .thus the part of the orabge -
fext to R, will incline tod red, and that
next to Y, to a yellow; and fo of the
reft. - -
RECREATION XXXV,

From two or more of the pfzflzary colour s

to compofe others that fball, in appearance,
refemble thofe of the foriner,

Y mixing the two homogeneal cd!d‘uré
red and yellow, an orange will be
produced; fimilar int appearance to that
“in the feries of primary colours; but the
light of the one being homogeneal, and
that of the other hetérogeneal, if the for-
mer be viewed through a prifm it will res
main unaltered, but the other will be re<
folved into its component colours, red and
yellow. In like mamner dther contiguous

'refra&xon, and tinge the obje& with different co- -
dours,
ho-
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Bomogenial colours may compound new
cololirs §- as by mixing yelldw and green, a
eolour between them is formed; and if blue
be added, there will appear a greem:that is:
the middle colous of thofe three:i- For the:
yellow and blue, if they are €qual in quan=
tity, ‘will draw the ‘intermediate green
equally toward .them,: and keep it; as it

. were, in equlhbrlo, that it verge not more-

to the‘ one than to the other. To this-

~ eompound green there may be added fome

red and violet, and yet the green will not
immediately ceafe, but grow lefs vivid;:
till by adding more red and violet it willk
become more diluted, and at laft, by the
prevalence of the added colours, it wilk
be overcome, and turned into: whitenefs
er-fome other colour..

In-like manner if the fun’s white; com-

" pofed: of all kind of rays, be added to any

homogeneal colour, : that colour will not
vanith, .nor change its {pecies, but be di-
l:utcd and by addmg more thte, xt wxll

become
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become continually more diluted. Laftly;
if red aund 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 compofed.

RECREATION XXXV.

. Out of three of the primary colours, red;
yellow, and blue, to produce all the other

 prifmatic coloursy and all that are inter-
mediate to them.

ROVIDE three panes of glafs of abouf

five inches fquare, (fee Plate XIII.

F:g 2.) and divide each of them, by pa-
rallel 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

% You muft ufe water colours for this purpofe:

the blue may be that of Pruflia, and very bright;
the
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pafte on one of the glafles five pieces of
the. red "paper;" one of which muft cover
the whole glafs, the fecond only the
four lower divifions, the third the three
lower, the fourth the two loweft, and the
fifth the laft divifion only. On the other
" two glafles five pieces of the blue and yel-
low papers muft be pafted in like man-
aner. .«

You mutft alfo have a box of about fix
-inches long, and the fame depth and
width as the glaﬁ'es : 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 glaffes com-
pletely. It muft alfo open at the top, that
the glafles may be placed in it conve-
. mently

When you have put any one of thefe
glaffes in the box, and the open end is

the red, carmine; and the yellow gambooge, mix-
ed with a little {affron, ‘Thefe colours muft be
laid very light and even, on both ﬁdes of the ’
paper.

. Vou. Il L. turned



Y46 RATPONAL

turned toward the fun; you will fee ffve*
diftin& ﬂ)ades of the colour it, L, CORtains..

If you place the blueand )éellbvs"’gl"aﬂ'és-
together, in a fimilar, direGion, ,you ;will
fee five fhades of green-diftin&@ly formed.
.When the blue and red glaffes are plhced,
abright violet will be produced and by
“the red and yclbw, the fewral ﬁTades of

hY

erange. : SR

W, inffead: of ptabﬁ\g thefe gl'aﬂ'/ec{ma
‘fmilar poﬁtxon, yoh placc the ﬁde AB
of the’ yellow 1afs, agaxnﬂ tl)e ﬁde BD
of the b'Iue, (P‘lgate XIII Flg 3. ).you will
f¢e all %he vamous greens that pro@uced by
nature ¥ ; ; xf thc blue’ and rﬁd Y la.ffes J)e

o, T
placcd s that ;nalnner, you wﬁl have all
goyn NS} N
“the poﬁiblc Vanetxes of pur cs, v101¢ts, *

+

&c ana 1am)"1 | 1f {he “fed and oraimgc

-% hix the ficft-pofiion--of the giaﬁn the quan-
.4ty of blug and yellow being equalythe G fort
of green was conftantly vifible: but by.thus in-
- Yerting the.glafla, the quantity of the colpuss be-
-ing conftantly unequal, & very pleafing w;et;;of

, tints is preduceds. o 3

gtaﬁ'es



’

.‘g?aﬁ‘es bé 18 placed, thefé will ‘be all the
intefmediitd” tolotirs;’ hd' the * marygold,
aurora, &L

R L*G“R"E ATIENS | 1y

e otz Do ol it

CRIBQREATTON XXXVI

et pisafeh noey e )
* 3}', Ma;&, of Mie, thres, priimary colours, red,
. 1 yellow, .and\blus, svgether with light and
<. Jhadey 1¢.produce; qll- the gradations - of
the prg’/’matic colours.

N. fcven fquare pane,s of glafs Eaﬁe

‘ pape that are Pamted w1th the fcven
"pr fmauc co;ours,_ m(t‘l}e famc manner as,
: ;n tfxe 1a{t Recrea:tipé :I'lee colours fot
"thc or:;mge, gtggt(m), ‘lmc ligo, aﬁt)i V1olet,
may 7 be. m%dc by _rmlxl g the other three.

"Then vcfJ th btﬂre *) {; dxluted {hade a
'iixeet of w;cr’)'"thln paper, i)y laymg it light
‘an both its fidés. With pieces of this pa-
'per cover four-fifths of a glafs, of the fpmc
- fize with the, ethers, by -daying one piece
on the four-loweft- dmﬁons, another on

i (d rat vl At

- @ Thhe biltve hérc 4fed ‘thuft be made of foor,
"-w it i Wonk, - o0e 0

L 2 " the
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the three loweft, a third on the two low
~eft, and the fourth on the loweft divifiors
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, fo that the fide AB of the
one be applied to the fide BC of the other,
as in Fig. 3. of the laft Recreation, the fe-
veral gradations: of colours wifl appear
fhaded in the fame manner as a drapery
judicioufly painted with that colour.

Tt is on this principle that certain French
artifts 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 engraved the fame defign. One of
shefe contains all the fhades that are tobe
- 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 engraviag is either
ftronger or weaker, in proportion to the
tone of colour that is to be reprefented 1.

- Thefe four plates are then pafled alter-
nately under the prefs, and the mixture
~of their colours produces a print that bears

. When ared drapery is requlrcd, it is engrav-
«d 6nthe plate affigned 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
reft. The plates of this kind have been hitherte
engraved in the manner of mezzotinto, but thefe, .
unlefs they are fkilfully managed, foon become
fmutty. Engravings in the manner of the crayon,
- would perhaps anfwer better. '
_ t The principal difficulty in this fort of engrav-
“ing arifes from want of a fkilful management, in
giving each pldte that precife degree of engraving
which will produce the tone of colour required. If
a bright green is to be reprefented, there thould be
an cqual quantity ef graving .on the red and yeilow
plates : but if an olive green, the yellow plate
fhould be engraved much deeper than the red.

L3 no
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no {mall refemblance to a painting.': -
muft be confefled, however, that what has’
been hitherto done of this kind, falls fas,
fhort of that degree of perfeGiony of whick -
this art ‘appears fufceptible. If they whe-
engrave the beft, in the manner. of the
crayon, were to apply themfelves to this’
art, there is reafon to expe&t they would
produce far more finifhed picces than wa
have hitherto feen.

 RECREATION XXXVIL

The magical prifm.
AKE a hole in the window-fhutter of
i 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 X!IL Fig. 4.) which may be made

of pieces of mirrors ccmented togethcr,
and filled thh water,

Provide another pnﬁ_n DEF, made of
thice pieces of wood; through the middle
v : - of -
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«of thiy thete mufe pafs ahi'dxds onl Wltich *
#Fis'to revolve. This prifm' muft’ be cos”
vered with white paper, and each 'of its’
filles' cut through in feveral -p’laee‘s,"ﬁ) asto.
reprefent -’d‘iﬁ'erent figurés, and thofe of °
€ach fide thould likewife be different. "The
gnfide of this prifm is to -bé hollow, 'and
made quite ‘black, ‘that it may ‘net reflet

any of the light that paffes thrq)ugh the
fides into it,

‘When this prifm ‘is p‘laced near to that
of glafs, as in the figure, with one of its
fides EF, perpendicular to the ray of
light, the figures on that fide wil} appear

: perfe&ly white : but when it comes"mto

the pofition g4, the figures wil] appear
yellqw and red, and when it is,ip the po~
fition 4/, they will appear blue .and violet.

/ As the pnfm Jds 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: wal

e fill ﬁu';hcr dwerﬁﬁgd. Lo e
Lg This
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This phenomenon arifes from 'the diffe~
rent refrangibility of the rays of light.
For when the fide EF is in the pofition,
g s it is more firongly illuminated b}'t the
Jeaft refrangible rays, and wherever they
are predominant, the obje&t will appear
red or yellow. But when itis on the po-
fition £/, the more refrangible rays being
then predominant, it will appear tmged
with blue and violet,

RECREATION XXXVIIL
. The folar magic la'ntern,

ROCURE a box, of about a foot high,

‘and eighteen inches wide, or fuch
other {imilar dimenfions as you fhall think
fit; and about three inches deep. Two of
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
ftiff paper or pafteboard. This muft box be
faftened againft a window on which the
fun’s rays fall dire@. The reft of the win-

oL dow
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dow dhould be clofed up,. that- no, hghr,
may enter,

Provide feveral fheets of fiff paper,
which muft be blacked on one fide. On
thefe papers cut out fuch figures as you

fhall think proper, and placing them ale
| ternately in the grooves of the box, with
their blacked fides towards you, look at
‘them through a large and clear glafs pri{m;
and if the light be firong, they will ap~

pear to be painted with the moft lively
colours in nature. If you cut on -one of
thefe papers the form of the rainbow,
about three quarters of an inch wide, you
will have a lively reprefentation of that in .'
‘the atmofphere

This Recreation may be further diver-
" fified; by pafting very thin papers, lightly
painted with different coleurs,over fome of
the parts that are cut out: which will ap-
pear to change their colours, when view-
€d through ‘the prifm, and to ftand out

' from
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from the paper,- at different diftances, ace
cording to the different degrees of refran=
gibility,. of the colours with :which they.
are pamted. :

PR
" For greater convenience, the prifm may
be placed” in-a fland on a table, ‘at the
height “of ‘your eye, and made to turn
round on an-axis, that when you have
got an: ‘agrecable' profped, you' may' fix
it- in’ that'pofition. - This "experiment -
may be made ‘at a trifling expence; and,
if properly conducted, will aﬁ’ontd no fmall‘

entertainment.

RECREATION XXXIX.

. T/ze art ﬁcza/ rambow,

PPOSITE a window into which the
fun fhines dire®, fufpend a glafs
globe filled with water, by 4 'ﬂrmg‘tha:
runs ‘over a pulley, fo that the fun’s’ rays

may “fall on it. Then drawing the globc

, - gradually
1
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gradually dp, when it comes to the height -
of about forty degrees *,- you will fee, by~
placing yourfelf in a proper fituation, a
purple colour .in the glafs, and by drawe
" ing it gradually up higher, the other prif-
matic colours,- blue, green, yellow, and
red, - will fucceflively 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 vanith,

Thefe appearances {erve 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 pmety equal parts or degrees, the globe

muft be ralfed to the hexght of forty of thofe de-
grees,

m



156 RATIONAL

in this experiment, red being the uppere.
moft colour in the lower bow, and violeg
in the other.

‘The rainbow is not in the clouds, but
in the falling rain, and always oppofite
the fun. The different order of the cor
lours in the bows arifes from their diffe-
rent refleCtions ; thofe of the under bow
being caufed by two refradtions and one
refleGtion, and thofe of the upper, bytwo
refra&tions and two reflections, and there-
fore the colours of this are lefs bright thap
the otlier, their firength being diminithed
by ev_c’}‘y reflection,

Now, it has been proved by repeated
éxperiments, that forty degrees forms the
greatelt angle by which the moft refran- .
gible rays can, after one refle&ion, be re-
fraded to the eye; and that fomething
more than forty-two degrees forms the
" greateft angle, under which the leaft re-
frangible rays can come to the eye after -

oz . ome
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one refleion. Therefore all the colours
of the lower bow muff lie in the fpace of
Tefs than two degrees. . In like manner it
has been proved, that fifty degrees make
the leaft angle under which the leift re-
frangible rays can be vifible to the eye
after two refleCtions; and that about fifty-
four degrees will be the leaft angle under
which the moft refrangible rays can come
to the eye after two refletions.. There~
fore all the colours of the ypper bow mudt
be in lefs than four degrees. ‘

. It follows from what is here faid, that
‘&l rainbows are of a circular form and
equal magnitude, and as they are aIWayé
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 when it is ffty-four de-
grees there can be no rainbow; but as the
fun’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

The ﬁr_?/'matic: camera obfcura.

'AKE two holes F, f;  (Plate’ XIN,

=~ Fig. 5.)in the {hutter of a dark cham=
_ ber, -near to each other, and againft each
hole place a prifm ABC, and a4¢, in &
perpendicular dire@ion, that their {pec~
trums NM may be caft on the paper in 2
horizontal line; and coincidé with each
other; the fed and violet of the one be~
ing in the fame part-with thofe of the o-
ther. - The paper fhould b€ placed at fuch
a diftance from the prifms that the fpec
- trum may be fufficiently dilated.

- Provide feveral papers nearly of the
fame dimenfion with the {pe&rum, crofs
‘thefe papers, ard draw lines parallel to-the
divifions of the colours. In thefe divifions
cut out fuch figures as you fhall find will
have an agreeable cffe, as flowers, trees,
animals, &, '

‘When
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- When you have placed one of thefe
papersiin its proper:péfition Hang'h black
eloth or paper behind i it, that noge of the-
" rays that pafe through may be refleQed,.
and confufe the phenomenon, Fhehigures
cut.on thetpaper.will- theh appgar-frongly

illuminated with all' the: Oflgiml colouss.
efmature 1 s e L } e
If wrule onc .of the pmi'ms,vemams at
;cﬁ, the -other be revolved jon its axisy
the continnally alteration ' of the colours
will afford,a pleafing variety; which may
be further increafed by turning the prifm

vropnd in different direGions.

When the prifins are fo placed that the
“two {pe@rums become coincident'in an in-
verted order of their colours, the red end
of one falling on the violet. end of the o-
ther, if they be then viewed% through a
:third. prifm D-H, held parallel to their
Jength, they: will no longer. appear coinr
' c:dcnt, but in the form of, two diftin
PR , fpe&rums.
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fpe@rums, p ¢, and nm, (Fig.6.) croffing
one another in the middle, like the letter
X. Thered of one fpeGrum and the vio-
let of the other, which were coincident at
N M, being parted from each othet by
a greater refradtion of the violet to p and
m, than that of the red to# and 7.

This Recreation may be further diver=
fified by adding two other prifins, tha fhall
form a fpe@rum in the fame line, anz,écna
tiguous to the other; by which not only

" the variety of figures, but the viciffitudg
of colours will be confiderably augmenteds

RECREATION XLL
- The diatonic feale é/;‘ colours.

HE illuftrious Newton, in the courfe
of his fagacious inveftigations of the
- properties of light, difcovered that the
length of the fpaces which the feven pri-
mary colours poflefs in the {pe&rum,
exallly correfponds to thofe of chords

: ' that
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fpe@trums, p ¢, and 7m, (Fig.'6.) croffing
one another in the middle, like the lettet
X. The red of one fpectrum and the vio-
let of the other, which were coincident at
N M, being parted frotn each other by
a greater refradtion of the violet to p and
m, than that of the red to# and 7.

This Recreation may be further diver=-
ified by adding two other prifins, thag {lrall
form a {fpe&trum in the fame line, anzléona
tiguous to the other; by which not only
the variety of figures, but the viciffitudé
of colours will be confiderably augmenteds

RECREATION XLL
- The diatonic feale Q/;‘ colours.

HE illuftrious Newton, in the courfe
™ of his fagacious inveftigations of the
properties of light, difcovered that the
length of the {paces which the feven pri~
mary colours poflefs in the fpe@rum,
exaltly correfponds to thofe of chords

i that
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that found the feven notes in the diatonic

fcale of mufic. As is evident by the fol-
lowing expcriment. ,

On a paper in a dark chamber let a ray
of light be largely refratted into the
fpédrum AF T M G P, (Plate XIV. Fig,
i.) and mark the precife boundaries of
thé {everal colours, as g, 4, ¢c; &c., Draw
lines from thofe points perpendicular to
the oppofite fide, and you will find that
the {paces M r£F, by which the red is
bounded; ¢ p e d, by which the orange is
bounded; pocd, by which the yellow is
bounded, &c. will be in exa& propor-
tion to the divifions of a mufical chord
for the notes of an o&ave, that is, as the
intervals of thefe numbers 1, 3, 4 3 5

?: 1970 —;;-

" Vor. 1L M RECRE-
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RECR

EATION XLIL -

Colorific mufic.

ATHER Caftel, a Frenchman, in a
curious book he has publithed om
Chromatics, fuppofes the note ## toanfwer
to blue in the prifmatic colours, the note
re to yellow, and mito red. The other
tones he refers to the intermediate colours,
from whence he conftru@s the following

gamut of colorific mufic.

Ut
. Ut fharp
, Re

Re fharp

- Mi
Fa
Fafhar
Sol P
Sol fharp
.La
La tharp
Si
Ut. . -

- This gamut, according.

Blue

. Sea-green
~ Bright green

Olive green
Yellow

- Aurora |
. Orange

Red

" Crimfon "~

Violet -

~ Blue violet

Sky blue

Blue .
to his plan; is to

be ¢ontinued in the fame manner for the

fol-
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following otave ; except that the colours
are to be more vivid, L '

He fuppofes that thefe colours, by ftrik-

ing the eye in the fame fucceflion as .the

founds, to which he makes them analo-

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

time, thiey will produce a correfpondent
fenfation of pleafure in the mind. It ; i8
on thefe general principles, which F. ,
Caftel has ingenioufly dilucidated in his
treatife, that he has endeavoured, though

'.Wlth little fuccefs, to eitablith hls ocular
harpﬁchord

The con&rufhon of this mﬁrument,
as here explained, will (how that the ef-
fe@s 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
refpetively affe@ the fenfes. '

Between two circles of pafteboard, of
ten inches. diameter, AB and CD (Plate
v : M2z - 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 exprefled:
in the figure.

Let the circle A B, at top, be open, and:
let that atbottom, CD, be clofed, and fup-
ported by anaxis or fcrew, of half an inch.
diameter, which- muft turn freely in a nut
placed at the bottom of a box we fhall.
prefently 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 tecth, which take the
endlefs ferew H.  Let this cylinder be
inclofed in a box IL M N (Fig. 3.) whofe
‘bafe is fquare, and at whofe bottom:
there is a nut, in which the axis F turns..
Obferve, that the endlefs fcrew H, fhould
come out of the box, that it may receive:

“the-

-

® L]
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the handle O, by which the cylinder is to
be turned. :

This box being clofed all round, place
over it atin covering A, which muft be
perforated in different parts; from this
cover there muft hang three or four lights,
{0 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, a, 4, ¢, d,
e/, g,' hy of half aninch wide, and one-
third of an inch high; they muft be di-
re&ly over each other, and the diftance
between them muft be exaltly two inches.
It is by thefe openings, which here corre-
fpond to the mufical notes, that the various
colours analogous to them, are to appear ;
and which being placed on the pafteboard
cylinder, as, we have fhown, are refleGted
by means of the lights placed within it.

It is eafy to conceive, that when the
bﬂd]c O is turned, the cylinder in con-

M 3 ' fequencc



- mufical notcs.
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fequence rifing half an inch, if it be turned
five times round, it will fucceflively thow,

at the openings made in the {ide 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 exprefled, that
the apertures on the cylinder are to be

~cut. Obferve, that the fpace between two

of the parallel lines drawq vertically on
the cylinder, is equal to one meafure of

' time, therefore for every turn of the cylin-

der, there are fix meafures, and thirty

meafures for theair that is to be played by
this inftrument.

The feveral apertures being” made in the
fide of the cylinder, in conformity to the
notes of the tune that is to be exprefled,
they are to be covered with double pieces
of very thin paper, painted on both fides
with the colours that are to reprefent the

& -

Thig
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- RECREATIONS. 167
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 ex~-
pence, we have thought it fufficient to give
the above piece, by which the reader will
be enabled to judge how far the analogy

fuppofed by F. Caftel really exifts.

This article is taken from M. Guyot,
who, though he commends the good fa-
ther’s ingenuity and indufry, attributes

‘but little merit to his fcheme. Not hav-

ing feen F. Caftel’s book, we cannot pre-
tend to judge of the merit of his plan.l It
is evident, however, from the foregoing
Recreation, that there is a much ftronger

selation between founds and colours than

M. Guyot {eems to imagine.

Mg P ER-
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PERS’PE‘C‘I‘IVE RECREATIONS :

If the following recreations do not di~
reitly belong to optics, they have fo
great a réfemblance to it, that perhapg
they could not be introduced any wherg
elfe w1th {fo much propnety. '

.ANAM@B,PHosgs,
RECREATION XLIL

To draw on a plane furface an irregular fi-
- gure, which, "fwﬁm Seen from a proper.
]:omt of view, w:ll appear exa&'b' ﬁmzlar
20 a grven ﬁgure. '

Na paper or pafteboard draw the pa-
 rallelogram ABC D (PL XV. Fig. 1.)
of what fize you pleafe, p}ovided the fides
AB and CD be longer than AC and
BD; letit be, for examplc, four inches
long and three wide. Divide it into twelvg

pqual parts, and each of thofe into four
other
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pther equal parts*.  On this parallelogram
ﬂraw the. regujar figure that you would
have reprefented, in a diftorted form, on
- ;he plapq, v )

Draw-on a paper the line BA (Fig. 2.)
indeﬁhite toward A. Dire@ly over the
ipoint“ B, mark the point of view .C, and
let fall the perpendicular CB. On the
;xne A B mark the point D, and draw from
the point of view G, to that point D, the
Jme CD. On the fame line, and at a con-
venient dlﬁanée from the point C, draw -
the line F G, of the famg length with AC
(Fig. 1.) ] let it be perpendicular to the lmc
CD, and by which it muft bc bife&ted.
From the point C to F and G, draw the
‘;wo lmes CFand C G, and contmue thein
o tll they meet the line AB -at the pomts
H and O KR '

e om0t
* The fmaller the divifions aye, -the more cafy *

it will be to reprefent the. fubje& with e
- cxﬁon
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The line H O will then appear to the
eye at C of the fame dimenfion with the
line FG, which is equal to the width of the
parallelogram A BCD, as mulft neceffarily
follow from the principle laid down in
the part of Optics; thatis, becaufe both

thefe lines appear under the fame angle
HCO,

Then divide the line F G into the fame
number of parts with the fide of the pa-
sallelogram - A C, (Fig. 1.) and from the
‘point of view C, to the line A B, draw the
tines CI, CL, CM, CN, through the di-
wifions in the line F,G.

On another paper draw the line AB
AFig. 3.) equal to the line C A, (Fig. 2.)
and at its extremity B, erec the indefinite
perpendicular BC. From the point B of
the line A B to the point E, in the fame
_lme, fet off a fpace equal to the hne CF.
(Fig. 2.) At the point E divide the line
A B by the perpendicular HI, equal to
: | CD,
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- CD, (Fig. 1.) that is, equal to the lIéngth
of the parallelogram.  This line muft
alfo be divided into two equal parts by the
fine A B. -

From the point B to the points H and I,
draw the lines B H and B, and con§
tinue them towards C and D. Take
the diftances that are between H and
" 1, LD, M and N, (Fig. 2.) and tranf-
pofe them to the line AB (Fig. 3.) from
A tol, L, M, N, O, and draw the lines
Y, Z, perpendlcular to each of thefe divi-
fions. Divide the line C D into eight e-
‘qual parts, and draw the lines B G, B (L '
BR,BS,BT, and BV,

“Thefe divifions being made, the trape-.
zium CHDI will bedivided into as many
parts as the parallelogram ABCD, (Fig. 1.)
~ and all thefe divifions, though of them-
felves irregular, will appear to the eye,
-~ when placed at the pomt G, (Fxg 2.) of the
fame
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figure and magnitude as the paralleloe
gram : all the lines that form the divifions
included in the trapezium CHDYI, being
feen under fimilar angles. In order to -
facilitate the tranfpofing the feveral parts
of the defign contained in the parallelo-
gram, to the trapezium, it will be proper
to number the principal divifions. The
whole, moreover, thould be traced with
- great precifion *. Obferve, that all the
right lines in the parallelogram form as
many right lines in the trapezium, there-
fore when you have marked their extremi-
ties, you may draw them with a ruler
’fr‘om one point to the other, With re-
“gard to curve lines, you will judge of their
dire@ion by the points where they cut the.
divifions of the parallelograms, and trapfs

* This method of drawing an irregular figure is
taken from M. ,Guydt, and differs from thofe that
are given by Niceron and Ozanam, as i appears
more exact 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 fuppofed picture placed at F G,

pofe

7
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‘ pofe them to the corrcfpondmg dxvxﬁons
“of the trapezium.

Note, care muft be taken that the pa=
per on which the diftorted figure is drawn.
be well firetched on a plane, that its fur-
face may be quite even. You fhould alfo
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 ismade, and placed upon a ftand
{feeFig. 4.) By that overture this piece of
perfpe@ive illufion will produce an agree-
able furprize.

Obferve, that the diftance of the point
of view from the piCture may be takea at
pleafure; provided it be not lefs than its

width. When: the point of view is' near

- the piGture it appears more deformed than

when it is at a greater diftance, for the
parts then become more extended toward
€D: from thnce it follows, that if we

" would’
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would execute a defign of this. fort on the
fide of a gallery, it muft 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 leaft idea
of what they will prefent when feen from
a proper point of view, where the effet is
.truly admirable.

* There are, at the convent of Minims in the

Place Royale at Paris, feveral fubje&s of this kind,.

-

painted on the walls of the cloifter by P, Niceron, -
who has publifhed an excellent treatife on this art. -

Among others, the figure of a Magdalen daily ex-
cites the curiofity of a number of connoiffeurs.
Unfortunately, thefe pieces, which have fuffered by
time, have not been properly repaired.

RECRE-
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RECREATION XLIV.,

Ta draw an irregular figure on a plant,
- which bemg Jeen from two oppofite points

- of view, fhall reprefent two di ﬁrent
regular objects.

AKE choice of a plane of a conveni-
"ent fize, fuppofe two feet long and
half a foot” wide. = Draw the line AB of
‘the fame length, (Plate XVI. Fig.1.) conti-
nue iton each fide to Cand D, and ere& the
perpendiculars CF and DG to the height
of about three inches. Draw the lines
AT and B G, and divide the line A Binto
" fix equal parts at the points S, (or into any
otherjnumber you thall think fit). From the
‘two points of view F and G draw the lines

~ FSand GS, to thofe fix divifions.

Then on the line G'A fet off the diftance
GB, and on the line FB the diftance FA,
and draw the two lines BHand AT, which -
will determine the width of the two fub-

jelts
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jeQs-you -dre:to :reprefent ‘om’the - plané,.
~and are to.be viewed, the ane fiom -the
point F, and the other from G ard of
which the unequal divifions formed by the
lines GS and FS, will determine thofe that
are to correfpond-to the feparate and in-
clined parts of the irregular figure which
is to be fcen from the pomts of view
FandG . SRR |

R A S A

;'1/3 o, -

*This ﬁtﬁprcparanon bem‘g made, draw
the parallelogram ABCD (Fig. 3.) of the
fame lcngth with the line A B in the

) prcccdmg ﬁgurﬁ, a.pd aboy:I ﬁx mchcs
‘wide': ﬂmde it mto two. eg,u:t} pargs by
“the Ime EG, Whu;h contmue 0 H and I
equal to the dlﬁance there is between CA

, and DB (Fxg x ) :

From the poxnts AOSB (F 1g | ) I«:t fall
the perpendlculars AA,QL, SL,(and B C,‘
on the line” AC (F.tg 2 ) -and from thc
pomts L draw the hncsc LM ;)aral Jel to

"AB. L

v
- - .
-~ s

v ; Iftom

,\,'..j ) N{
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From the four angles of the parallelo-

gram A BC D, draw the lines Atand BI
~ to.the point of view |, and thofe of CH
and D H to the other, point of view H ;
thefe lines will determine by the fe&ions
at X and Y the apparent hexght of the
figure. -

" Then divide the lines A B and CD, in-
to as many equal parts as you fhall think

proper, and frqm thofe pointsdraw the lines
NTand NH

cht, draw on a paper the two pal‘al-
lelograms F G HI, LM N O, (Fig. 3.)and
on them you are to draw. the two different
defigns that you would reprefent in the
diftorted figure. . Let each of thefe paral-
lelograms be of an equal height with the
diftance XY, (Fig. 2. ) and of the fame
fength as H B (Fig. 1. ) Divide their
height FH or LN, accordng to the divi-
fions of the line X Y (Fig. 2.) and their
Jength HI or N O, according to thoﬁ of
the line BH (Fig. 1.) '
' Wor. IL N After
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- After having drawn the two dcﬁgm; ax
corre@ly as poffible, 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 L M, eorrefpond-

ing to the perpendiculars let fall from O:
(Fig.1) Thefe lines fhould be drawn fuf-
ficiently deep to admit the folds of paper
hereafter mentioned.

"Fake a: very thin paper ABECD (Fig. 5.}
of about two fect and a half long, and fix
inches. wide, and on ‘it draw parallel.lines;,

_ at diftances correfponding to. A O, OS,

8 O, &c. (Fig. 1.) which you will: meafure:
with a compafs from the anglesontlie lme
A B (Fig, 1.)

Divide this pape’r. into'tw'vd équak‘ parts

. by a line drawn from the points X and Y

and. obferve that it is on. the fpaces 4, 4, &y,

&c that yQu are to draw the irregular ﬁ-

gure which is to be feen from the point F;
6 . - ,and
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4nd ori thofe of ¢; ¢, ¢; &c. that which i¥
to be feen from the point G:

~ On each of thefe fpaces draw the lines;
hot pun@uated, of - the parallelogtam
ABCD (Fig. 2.) that tefminate in thé

‘points H and I: Then trace on the famé

papei -all the firokes of the two figures
drawn on the two pataflelograms, (Fig. 3.)

. tarefully obfcrvmg the feveral divifions to

Wwhich they cortefpon&

" Whe this frregulat figuté is quite fis
nifhed, fold the paper according to the di=
Yifions that have been drawn on it, fo that
each of the divifions , may turn one way,
and each of the divifions O, the other way;
and paﬁe the whole on a board, in fuch a
mannér that the folds made on the blank
fide of the paper, may anfwer to the lines
tracetl in the board. On the paper thus
paﬁe& Tay fomctbxng that may keep it.in
proper form tiil the pafte is dry. Then
let' it be fo placed that fix of its divifions
N 2 : may
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may be oppofite to each of the pomtd of
view Fand G.

To diftinguifh the objects on the paral-
lelogram with greater precifion, you muft
have (as in the foregoing Recreation)-two
little circles, with a fmall hole in eachy
and place them exa&ly om the’ points of
view that have been fixed. The eyebeing
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 impoffible

to conjeCture what it i3 intended to re-
prcfcnt - i U

Obferve, This defign differs in the con-
firuction from that in the firft Rechatxon,
as here, the dmﬁons drawn on the 1 1rregu— .
Iar figure regulate thofe of the two othes
figures. It is indeed more difficult, but
then it is alfo-more entertammg and with

~a little application it may | be eaﬁly exe-

cuted, as nothmg more is ncccﬁhrv thau

te
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0 traasfer the divifions carefully from onc
figure to the other,

To perform this fort of anamorphofis
with more celerity, youmay draw the plan
op 2 pafteboard, and placing a tran{parent
paper over jt, frace the fubject thereon;
the fame pgﬁeboa;d will ferve to-execute,

\ pqually well, a]l forts of fubjeé'ts,

RECREATIO N XLV
7’0 draw, on the 6@6’ qf a cone, an-irregu
. lar figure, which fhall appear, w/lc’ﬂ Jeen
. from .a proper point of view, not only re-
gular, but. clevated aboue the ﬁnface qf
the ;om. S

H E geometrac method that mxght be
here given for drawmg the figure
propofed bemg ettremely tedious and dif-
ficdlty on “account of ‘the "various curves
"thaf it is neceHary to draw on the bafe of
}the cone, we Ihall herc defcnbe a morc
" fimple ‘method, by making ufe of a lamp.
N 3 This
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" This method may likewife be ufed- in. the
drawing daﬁor;cd fubjets on alit irrcgular
furfaces, ‘whatcver their ﬁgure may be

LetEFG (Platc XVIL Fig. 1.) be thc
pone; an. the bafis of which-a. dx&drted
figusejs to be drawn, that bemg vxcweq
fromy the poiat H, fhdll - appear regalar,
and exaﬁly’ refembling  that - which: is -
:placed-at NM, Place the copé in a:cire
-ml;r -qverture ; ma&b g the board A BCD,
~which thould; be': fupported by four feet,
that the point: of -the gone may mot touch
fhe table on" which it ftands. Fix at the
~end ofithe: board an upright-piece I, that
A48 voihold & firialt-cirele of- ‘brafy, thrmgh
“which. is made a hole-H, .of twxictenths of
,ah inch in dizmetcr, that fesdes +for..the
:f’OIntofview. TS ';z_ PEPEts T S AERDTIR

C e e 5

. Prqpare a lam a8 A, ('Flg. 2.) the hghg
pf which may ‘be ralfcd or, lowcred at p}eag

fmc. a,nd to whmh is ﬁxed a brafs |
‘BC, bearing a fort of funnc] D, in the
) " fhaps
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#hape of a truncated.cone, and whofe open-
ing at theend next the light is not more
than threed or four tenths of an mch ih
diameter.

. Draw the fubje® you would repro-
¥ent on theé bafe of the cone, on a piece of
glafs of equal height with the fpace M N*,
that is, of the apparent height of the dia-
meter EF, of the bafé of the.cone when
feen from-+#he point H : place it perpen-
diculdr or the board at the point F, that is,
at the extremity of thecane.
T R -

‘Thefe preparations being made, take
- away the piece that bears the point of view
¥¥;and place the lamp, fo prepared, infuch
mannér that the light may be exadly
wwhere the point H was. Its rays thén
pafling through the glafsat MN, will en-

* Tt muft be drawi with a very light ftroke,
and you muﬁ make ufz of 2 co“lout that is quite
paque .

~ e w s
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lighten:all the Jower. furface,of the-cong;::
and there thow, in a diftorted: form:ithe;
fuhject that is painted on the glafs.

) . 1 ,";I.J;‘{

- Then draw with a pencil all the ftrokes -
of the thadow that are on the cone; éand
taking away the light, place the point of -
view Hy and fee if what you have- drawn -

- correfpond with the fubjet on the glafs,
corveQing - what imperfe@ions there may-
chance to be. - In the laft place, colour the
fubject {d traced onthe cone, with the ‘ut~:
moft attention, infpeting your work from
time to time from the point of view, be=
fote yéu give it-the finithing firokes, .
SRENN S SN X’T.'J',f. |u}" .
When the fgure. that is drawn - and
painted .on ‘the . bae. of :.the: .cope is
viewed from the point H, it appears to
be at the fame point where the glafs M N
was placed, and in the fame form that
it was painted on that glafs. The eye
even perceives it above the furface of
the ll)oard in which the cone is placed

ST . , and
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and thereby' receives a>vetarkable: and. :
pleaﬁnguﬂuﬁm. Tonomogwenlvied oo

Note, Thls manner of drawmg dlﬁort.
ed figures by means of -a lamp and  tranf=
. parent glafs, may be advantageoufly ufed
for -all -irregular - figures, that are-dif~
fieult to- draw -geometrically. . Th¢ ifub- -
Jeéls: that are ‘drawn on the:glafs may
~ allo.. be. fhaded -and coloured; in. the
fame~:manner as. for the camera obfeura;
in‘order to have the appearqmr: of. cdlourt‘-
mehd:xh&mwdpxthn'e.1 S f SR

If a cncle «be daferxbcd w} P&Pﬂf 9!?
pafteboard, and .placed firm upon the ta~ .
ble; where the: cone .is: fuppofed’ to bey/ i it
will have pnémfely the &maeﬁ'e& B,
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RECRBATION XLVI. '

: ;T' 0 draw, eq/i{y and corre&._'y, 4 ang’(kap:
~ #r any other objecl, without being oblig-
 #d. to obferve the rales of perfpedtive,

. and “without the aid gf the camera. ob- -

ﬁura.

PROCURE a box ofpaﬂtboard ABCD

(Plate XV1I: Fig. 3.) of about a foot and
a halflong, and" made ifi“the thape of a
truncated pyramid, whofe:' bafe BDFG is
cight inches wide, and fix inches high.
Fix to the other end oftit a tube' of four or
five inches long; and whichyou can draw
out from thebox more of 1éfs: Liré the
infide of ‘the box with blick papet, and
place it upon a ¥g or fand of wood H,
andon which it may be elzvatcd or depreﬁ'-.

ed by the hmge 1

..l

Take a fmall frame of wood A B C D
" (Fig.4.) and divide it at evei'ymch by hnel
of blzck filk drdwn crofs it, forming for-

= ty-cight
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ty-cight equal parts;  divide thefe into fill
fmaller equal parts, by linés of finer filk *;
fix this frame 3t the gnd BD, as xhe bafe
bf the pyrarmd.

, Promde a drawmg pzper, divxded into

the fime number of parts as is the frame,
by lines lightly drawn in chalk. It is
po&mmxa.l 9f.. what, fize. thefg divie
fions are; that will depend; eatirely on the
fize you propofe e draw she nh;eﬁs by
_{.hxs mﬁwmcnt o

' Phcethm mﬁtument oppoﬁee a landas '
{mpe, or any. other ‘obje& that you want -
_ to draw, andfix the leg firmly on, or in

she ground, ‘that it may got fhake: then

turning it fo the fide yon choofe, raife of

mchne it, ‘and put the tube furtbe: in or

out, till you have gained an advantageous '
view of the obje& you mtend to draw

L

e The dxﬁ'qx:ntﬁze of the ﬁlk &rves to d.um-
F.mﬂ: more readn‘ly th: correfpondmg dlvaﬁons

RN | Place
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the opening to which EF G H, fhould be
a little lefs than the print. Cover this
opening with a glafs, and paint all the
fpace betwéen it and the prints, whick
fhould be about two or three inches, black.
The frame that contains the fky fhould
be about an inch behind the other. Ini
the back part of this box, which is behind
the prints, and which may be about foyy
inches deep, place four or five {malf
candlefticks to hold wax lights, and cover
that part entirely with tin, that it may be
the more }ummoua. :

| When'thc 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 effe& will be highly pleafing:

efpecially if the lights are at a fufficient

diftance from each other, and not too.

firong,. that they may -not oceafion any -

blots in the print. Thofe prints that re-
prefent. the rifing or. fetting of the fun
will have.a very px&urefque appearance.

Such
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Such as reprefent conﬁagtauom have allor
a {iriking cffed.

. Note, There thould be two greoves for
the print next the glafs, that you may in~
fert afecond fubje@ before you draw away
the firft: and that the lights in the back
of the box may not be dlfcovered,

You mutft not, thmhng to make the
print more tranfparent, ,cover it with
‘varnith; for that will prevent the degra-
dation of the colours from being vifible.
The frame thould enter the fide of the box
by a groove, that a variety of fubjc&s may

be. mttoduced.

RECREATFION XLVIII,
Tranfparent illuminations. -

HE box that s to enclofe thci:'c‘ fub) gés

‘may be made in the fame manger with

that of the preceding Recreatiop, only

obferving that it will be proper- to aug-
- “ment



193 RATIONAL
ment the number of lights, and einplo)!
fuch prints as are agreeable to the fubje&.

- 'With a very {mall circular tool you are
to cut out all the pldces where the light is
intended to appear, or where it is expfeﬂ’-
ed, if the print reprefent an illumination.
Particular care muft be had to make ufe
of the fineft tools in thofe parts of the print

that are intended- to appear at the greateft
~ diftance. .

Thefe prints muft by no means be tranf-
parent, like thofe in the preceding Recre-
ation; on the contrary, they fhould be
printed on a thick paper, or rather it
fhould be doubled, that very little of the
engraving may appear.. Behind the print
muft be placed a very fine tranfparent pa-
per, varnithed, fixed on-a frame, and
- lightly painted  with a deep yellow, or
faffron colour, which muft be laid on thick-

eft at thofe places that are oppofite the
. parts of the print that are to appear at the
" greateft dxﬁance. :

The
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The fettmg of the fun, fuccceded bx a
nrght Tcene, may be very pleaﬁng}y re-
prefented in this method. Thus “procuré
. a landfeape, in which is the figure-of the
" fetting fun, illuminated as-above deforib-
" ed. Let the bottom of ;hls {ceng reft
~ upon an. upnght board in .the box;. of
" about two three inches. hlgh, and et it be
gradually moved -off that bogrd, and:low=
ered ‘down_to the bottom .of, the box,ion
thc fide next the glafs, by which means
the fun will appear to defcend. Let the
. lights: then.be: gradially sithdrawnl: and
changethe firfk landfeape for a night fcepe,
. bwith the meon ind ftare, prdperly perforat<
-ed.’ The yellgw: papér muftche ebiniged
- for one that is, white &nd’trab{pdrént;: dnd
- the lights. be again. introduced;: :when
-the moon, ftars, and other - kaintnated
. parts will .appeaf - in- their natufal forim.
. For-the more eify removing!’ of the )
Jlights they may.be. all ‘placed ' upen” one
ﬁand, but at different dxftanccs. NERA

DI B

IS TR R i
Vor. I ) 5»;.- Thls
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This piece of illumination might alfc
be put into the common optical machine ;
but the magnifying glafs there ufed con-
Aiderably enlarging the obje@s, the light
refle@ed by the cut-and tranfparent parts,
then becomes greatly weakened, as it takes
~ wup a much larger fpace; and that greatly
diminithes the vivacity which is neceflary
to imitate natures and to produce the illu-
fion.: If, however, you are defirous of
viewing this piece by the magnifier, you
muft take away the inclined mirror which
is placed in'thofe fort of optical machines,
and place the tranfparent picture.or print
in the front of the glafs; otherwife it will
be fcarce poflible to -render: it luminous,
except by reflection, which aﬂ'ords but-2
very fccblc light. . :

ACOUS-
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'ACOUSTICS.

T HE {cience of acouftics inftru@®s us in

" the natute of found. It is divided
by fome writers into diacouftics, which ex-
plains the properties of thofe founds that
come direétly from the fonorous body to
the ear; and catacouftics, which treats of
refle&ted founds: but fuch diftin&ion does
not appear to be of any real utility.

DEFINITIONS.

1: Sounds are either acute or gravey
fimple of compound.

2. Thofe founds that are fhrill or ftharp
are called acute: and

3. Thofe that are deep or hollow, are
called grave founds.

4. A fimple found is that produced by a
fingle firoke on a fonorous body; and
compound founds are thofe that proceed
from feveral bodies ftruck at the fame time,
or from feveral firokes on different parts
of the fame body.

O2 5 A
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¢. A chord is a ftring of catgut;- brafs,
wire, &c. fo ftretched as when ftruck to:
yield adiftin& found.

6. A vibration is the regular, alternate
motion of bodies, by which, when put
out of their natural ftate, they endeavour
to return toit. Thus the firing AB (PL
XVIIL. Fig. 1. béing forced out of i its natural
pofition to that of A ¢ B, vibrates tod, and-
then to ¢, £, g, &c. till it returns to its firft
ftate at A B. -

"APHORTISM S

1. All found is produced by. an undula-
~tory or wavelike motion- of the air*, ex~
cited by the vibrations of a fonorous bo~ -
dy, proceedmg from a ﬁroke of fome
other body.

2. A(;ute founds arife frdth quick vibra«

# That air is the medium of found is evident
from a bell placed in the receiver of an air-pump,
which may be heard to a confiderable diftance be-
fore the air is exhauﬁed but after, can fcarce be’
‘diftinguifhed when'quite near.

tions'



RECREATIONS. 197
tions 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 harfi or ob~
r,tufe\fou’hds, from fuch as are of a mixed
matter and irreguiar figure.’

4.In bodies of a fimilar figure and dimen-
fion, and of equal elafticity, their tones are
in proportion to their denfities: the den-
{fer the body the graver is the tone; there~
fore a bar of gold muft have a graver
found‘ than one of filver, of equal dimen-
fions ;. fuppoﬁng them to be of equal elaf—
ticity.

5 If two bodles are cornpo{ed of the
fame matter, and : ar¢ of fimilar figure,
their tones will bc in proportion to the
quantities of matter, Thus, the tones of
‘two globe:of brafs wdl be o each other i in
proportlon to their dlameters .

6. The v1brat10ns of chords i3 in pro-
portlon to their lengths, diameters,’ and
tenfion. ' '

o 3~ ‘ 7. All
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- 7. All the vibrations of the fame chord;
as A B, (Plate XVIIL Fig. 1.) A4B,
A ¢B, &c. are made in the fame time."

. 8, If two chords are of the fame diame«
ter or thicknefs, and equally firetched,
their vibrations, in the fame time, will be in
proportion to their lengths inverfely, that
is, a chord of fix inches will make twn
vibrations while a chord of twelve inches
makes one *,

9. If two chords frequently v1brate to-
gether they produce a concord; and the
more frequent the coincidence of vibratiorzl,‘
the more pleafing the concord. .

10. Sound is propagated in:concentric

# From hence we learn how to divide any
ehord fo that it may found the feven 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 AC willbeto AB as I, ‘that is, an o&ave,
AC to AD as 3, a fifth: ADto AB as 3,
fourth, A C to AE as £, a third greater. AE
to AD as 5, athirdlefler. EBto AEas ,a
fixth greater, and AE to AB as 3, a fixth leffer.

circles
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circles every way round “the fémoraus
body*. . . 0 ot olLE
11. -All founds, whether great dr frﬁall,

- ey e

are of ‘equal velocity. -+ - - "¢

- 12. The {pace pafled over: by found is
conftantly equal in equal times, wheéther it
come froma greater or lefs diftarice. " :

'13. The motion of found is at the rate
. of 1142 feet in a fecond, and no obftacles
obftruét its progrefs; a contrary’ wind
only a {fmall matter diminithing ‘its velo-
CIty"‘ o CECTTERNRT R A

* The dlﬁance to which foumfs may be heard
is very great. ' Authors of credit relate ‘that thé
found of cannon has been ; heard ‘180 "and ‘200
mn]es.

t+ By thisaxiom we are enabled toﬁnd the diftance
between obje&s that would be otherwa(’c immea-
furable. For example, fuppofe you fee the flath
of a gun in the night at fea, and tell feven feconds
before you hear the report, .it follows therefore,
_that the diftance is feven times 1142 feet, that is
twenty-four yards more than a mile and a half,
In like manner if you obferve the number of fe-
conds between the lightning and the report nf the
thunder, you know the diftance of the cloud from
whence it proceeds,

04 14, The
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14. The velocity of found is to that of
a brifk wind as fifty to one.

15. The firength of founds is greatcﬁ
in cold and denfe air, and lcaﬁ in that.
which is warm and rarefied.

16. In all founds the angle of mcldence '
is equal to that of refleion, thatis, if a
line be drawn perpendicular to the reflet<
ing furface, the point from which the
found iffues, and that to which it is re«

fle@ed, will be equally dlﬁant from the
' Perpendlcular hne.

RECRE-
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RECREATION XLIX
fI' /w /Eahpzle:.

, AN zolipil is a fmall globe of brafs or
o other ‘metal, mto which a flender neck
or pipe is mﬁ:rted. This ball, when made
red hot, is caft mto a veflel of water,
) Whlch ‘will rufh mto its cavity, then
a]moﬁ void of air. The ball being then
fet on the fire, the water, by the rarefac-
tlon of the internal air, will be forced out
in fteam, by fits, with great violence, and
wnth a ﬂrange noife,

~ If to the necks of two or more of thefe
a:o‘lipilkcs there be fitted thofe calls that are
'ufed by fowlers and hunters, and the aeoh- ,
pllcs be then placed privately on the fire; as
the fteam ruthes forth they will make fuch
ahorrible noife, that a perfon who is ig-
norant of the contrivance cannot fall being
greatly aﬁomfhed

Great
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partment. There may be likeﬁife wites
that go from the under jaw, and the eyes

of the buft, by which they may be éaﬁly

moved

A perfon being placed in the undey
room, and at a fignal given applying his
€ar to one of the tubes, will hear any
qucﬁxon that -is afked; and 1mmed1ate1y
reply, moving at the farne time the mouth
and the eyes of the buﬁ by means’ of the

Wll'CS.

REOREATION I:.'IL"‘
! d fa/ar _/omzta. |

N a large cafc, fuch as is ufed for dxals
and- fpnng clocks, the ‘fronit of which,
or ‘atlealt the’ lowcr part of it, muﬁ be of
glafs, ¢overed on the infide W1th gauze, let
there be pIaced a barrel organ, whzch,
when-wound up; is prevented from play-
ing, by a catch that takes a toothed wheel
4t the end of the barrel.  To one er;d 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
eork, of the fame dimenfion with the in~
fide of a glafs tube, in which it is to rife
- and fall, This tube muft commumcate
with a refervoir that goes acrofs the front
part of the bottom of  the cafe, which is to
be filled with {piritsy 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
fpirits will be rarified by 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 fpirits cannot run out
of the tube, that part of the catch to which
the circle #s fixed being prevented from:
tifing beyond a certain point, by.a check
placed over it. Care muft be taken to remove'
the mac;hmc out-aof the fun before the organ
runs down, that its ﬁoppmg may -be evi-
dently eifeé"gc‘d;{b_y thecold.s. . . . -

A - When
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When the machine is placed againft the
fide of a; room on which the fun fhines
ftrong, it may conftantly remain in the
fame place, if you enclofe 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 neceflary
to throw open the door of the outer cafe,
and expofe it to the fun..

But if the machine be moveable, it wilf
perform in all feafons by being placed be~
fore the fire; and in the winter it will
more readily ftop when removed into the
cold. . o

A machine of this fort is faid to have
been invented by Cornelius Dreble, in-the
laft century. What the conftrution of
that was we know not; it might' very
likely be more complex, -but could fcarce
anfwer the intention more readily,

RECRE-
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AR»ECREATIO“N LIII

An automatau: &arpﬁclzard

UN DER the Keys of a common harp-
fichérd let there be fixed a barrel,
- “fomething like that in a chamber organ,
with ‘ftops or pins correfponding to the
tunes. you would have it play. ‘Fhefe
ftops muft 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 turn-
edup for about one-fourth of an inch. Be-
hind thefe wires let there be an iron bar,
to prevent them from going too far back.
Now, as the ‘barrél turns round; its pins
take the ends of the wires, which pull
down the keys, and play the harpﬁchdrd
The barrel and wires are to be all enclofed
in a cafe. ‘
In the chimney of the fame room where
the harpﬁchord ftands, or at leaft in one
v adja-
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adjacent, there muft be a fmoke Jack'
from whence comes down a wire; of cord,
that paffiig behind the wainfcot adjoin~
ing the chimney, goes under the floor, and
up one of the legs of the harpfichord, into
the cafe, and round a fmall wheel fixed orf
the axis of that firft mentioned. There
thould be pullies at different diftances, be-
hind the wainfcot and under the floot, to
facilitate the motion of the chord.

This machmery may be apphed to any
other keyed inftrument, as well as to
chimes, and to many other purpofes where
aregular continued motion is required.

An inftrument of this fort may be con-
fidered as a perpetual mation, according to’
the common acceptation of the term, for it

“will never ceafe going till the fire be extin-
guifhed, or fome parts of the machinery be
worn out,

RECRE~
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RECREATION LIvV.
| .A 'uentafal [ymphony.

AT the top of a fummer-houfe, or other
buﬂdmg, let there be fixed a vane AB

{Pl. XVIH.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 wheel G, that takes the pinion H. All
thefe wheels and pinions are to be between
the roof and the cicling of the building,
The pinion H is fixed to the perpendicu~
lar axis IK, which goes down very near
the wall of the room, . and may be.covered
after the fame manner as are bell-wires.
At the lower end of the axis IK thereis a
imall pinion L, that takes ‘the swheel M,
fixed on the axis of the great wheel N O,
In this wheel there muft be placed a num-~
ber of ftops, éorrefponding to the ]pnest
itis to play. Thefe {tops are to be move-
able, that the tunes may be altered at plea-
fure. Againft this wheel there muft hang
Vor. IL P twelve
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twelve fmall bells, anfwering to the notes
of the gamut. ‘Therefore, as the wheel
turns round, the ftops firiking againft the
bells, play thefeveral tunes. There fhould
be a fly to the great wheel, to regulate its

motion when the wind is ftrong. The .

wheel N O, and the bells are 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 of filver, their tone will
be the more pleafing.

Inftead of bells, glafles may be here
ufed, fo difpofed as to move frecly at

_ the ftroke of the ftops.  This machinery

may likewife be applied to abarrel-organ;

and to many other ufes,

RE CRE«
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RECREATION LV.
The nocturnal reveilleur.

GAINST the wall of a room, near the
cieling, fix 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 fhould be fixed a
fly, to regulate its motion; and round
the circumference 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 juft 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

P2 in
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in may an{wer to the number of hours it
is torun. Againft the upright piece, on
the fide next the cone, there muft be fixed
a check, to prevent it from defcending.
This ftand, together with the wheel, may
be enclofed in a cafe, and fo contrived as
to be moved from one room to another
with very little trouble,

‘It is evident from the confiru&ion of
this machine, that when a certain quan- i
tity of the fand is run out, the weight will
defcend, and put the wheel in motion,
which motion will continue till the weight
comes to the ground. If the wheel be re-
quired to continue longer in motion, twa
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 party
they are intended to rouze; or, if you
pleafe, a drum or tabor may be added,

the
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the ftick 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
lifted up by teeth placed on the circum-

ference of the wheel, the other end will
alternately firike the drum.

P;  RECRE-
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RECREATION LVL
A mufical cafcade.

X 7 HERE there is a natural cafcade,
near the lower fitream, but not in

it, let there be placed a large wheel, equal
to the breadth of the cafcade : the diameter
of this wheel, for about a foot from“each
end, muft be much lefs than that of the
middle part; and all the water from the
cafcade muft be, made to fall on the
ends *. The rexflaining part of the wheel,
which is to be kept free from the water,
‘muft confift of bars, on which are placed
flops, that firike againft 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 further. It is evident

- * The water that falls on the wheel may pafs thro”
pipes, fo that part of it may be made occafionally
to pafs over or fall fhort of the wheel, as you would
~ have the time of the mufic quicker or flower.

from
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from the conftru@ion of this machine, that
the water falling 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 refpe@ive bells.

" Two or three fets of bells may here be

placed on the fame line, when the cafcade '
is fufficiently wide.

"Where there is not a natural cafcade,
one may be artificially conftruéted, by raif~
ing part of the ground, wherever there is
a defcent of water ; whether it be a ftream
that fupplies a refervoir or fountain, or
ferves domeftic ufes; or if it be refufe wa-

ter that has already ferved fome other pur-
pofe. |

Py  RECRE-
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RECREATION LVIL
Reverberated founds.

OUND, like light, after it has-been re-

flected from feveral places, may be
colleted in one point, as into 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 principle -
it is that a whifpering gallery is con-
ftructed..

The form of this gallery muft be that of >
concave hemifphere *,-as ABC (P1. XVIIL.
Fig. 4.) and if a low found or whifper be
uttered at A, the vibrations expanding
themfelves every way will impinge on
the points D DD, &c. and from thence be:
refle@ed to EE E, and from thence to the
points I and G, till at laft they all meet

# A cylindric or elliptic arch will anfwer ftill
better than one that is circular.

-

P
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in C, where, as we have faid, the found
will be the moft diftin&tly heard.

Uporl this principle alfo it is that the
fpeaking trumpet is formed. For the found,
in paffing through the long and narrow
part of the tube, is continually reflected
from its curved fide into the axis, and by
that mean is prevented from f{preading till
at its exit from the tube, whereby the
firength of the found is greatly increafed.

‘As by the Iaft aphorifm, page 200, the
angle of refleted found is equal to that
of its incidence, if we know the point
from which any found proceeds, and the
place from which it is refletted, we may
eafily find the point in which its echo will
be heard. '

To hear the echo of one fyllable, we
muft be at the diftance of 120 feet from

~ the refle&ting furface: for two fyllables,
240 feet; for three fyllables 360 feet, &c.
' For
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For when we fpeak diftin@ly we fcare@
~pronounce more than three or three fylla=
bles and a half in a fecond; and as by
aphorifm 13, found goes 1142 feet in a
fecond, if the diftance between the fpeaker
and the refle¢ting furface were lefs than
360 feet, the firft fyllable would be re-
turned before the laft was pronounced *,
and therefore the echo could not be dif-
tin&ly 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 denfer, by aphorifm 13,
.the firength of the found muft be greatér.
From hence we may determine nearly,
the diftance of an obje that is inaccef-

* According to the aphorifm, the diftance
thould be 380 feet; for the firft fyllable muft go
as far as is equal to the time the two laft fyllables
are pronouncing, that is, two-thirds of a fecond ;
thercfore the diftance fhould be equal to two-
thirds of 1142 feet, or 760},' that is, 3803
going and coming, But as fome time muft
. be allowed for the refle&ting furface to be made to
vibrate by the impinging found, the firft diftance,
360 feet, will be very near the truth,

{ible;

-~
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fible; for if an echo of 10 fyllables be re-
fle@ted from the fide of a church or tower, -
it follows, from what has been faid, that
the objet muft be 1200 feet diftant.

The fame found may have feveral echoes,
if there be feveral refleéting 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 LVIL
The converfive flatue.

IPLACE a concave mirror of about twe
feet diameter, as A B * (Plate XVHI.
Fig. 5.) in a perpendicular direGion. "The
focus of this mirrror may be at 15 or 18
“inches diftance from its furface. At the
diftance of about five or fix feet let there
be a partition, in which there is an open%
ing EF, equal to the fize of the mirror;
againft this opening muft be placed a
pi¢ture, painted in water-colours, on a
thin cloth, that the found may eafily pafs.
through it f.

\

* Both the mirrors here ufed may be of tin or
gilt pafteboard, this experiment not requiring fuch
as are very accurate, ' .-

+ A Recreation of this kind may be performed

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

- of which the mirror A B may be placed, and in
the other an opening artfully contrived.  The

more effeRually to conceal the caufe of ‘this.

illufion,
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Behind the partition, at the diftance of
two or three feet, place apother mirror ‘
G H, 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 exaltly in the
focus of the firft mirror; his lower jaw
- muft be made to open by a wire, and fhut
by a fpring ; and there may be another
wire to move the eyes; thefe wires muft
pafs through the figure, go.under the
floor, and come up behind the par-
tition, ‘

Let a perfon, properly inftru&ted, be
placed behind the partition near the mir-
ror.  You then propofe to any one to
fpeak foftly to the fatue, by putting his

illufion, the mirror AB may be fixed in the wain-
fcot, and a gauze, or any other thin covering,
- thrown over it, as that will not in the.leaft prevent
the found from being refleted,

mouth
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mouth to the ear of it, affuring him that it

-will -anfwer inftantly. Yeu then give
the fignal to the perfon behind the par-
tition, who, by placing his ear to the
focus I, of the( mirror G H, will hear
diftinGly what the other faid, and mov-
ing the jaw and eyes of the ftatue, by
the wires, will return an anfwer diredtly,
which will, in like manner be diftinétly
heard by the firft fpeaker,

Remark. This Recreatien appeérs to be
taken from the Century of Inventions of the
Marquis of Worcefter; one of thofe men of
fublime genius, who are able to perform
aCtions infinitely fuperior to the capacity,
or even the comprehenfion, of the mere
fcholar or man of bufinefs; and though
his defigns, at the time they were pub-
lithed, were treated with ridicule and
negle&, by the great and little vulgar,
‘who, judging by their own abilities, are
ever ready to condemn what they cannot

: ‘ com-~
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compehend, yet they are now known to
be generally, if not univerfally, praci-
cable. 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 artificial and natural, that,
though a man fpeak never fo foftly, and
even whifper into the ear thereof, it will
prefently open its mouth, and refolve the
queftion in French, Latin, Welch, Irith, or
Englifh, in good terms, uttering it out of
its mouth, and then fhut it until the next
queftion be afked.”

RECREATION LIX.

The Organ,

HE recreation this inftryment affords
is known to every one; but what

. we here propofe is a defcription of the
feveral parts of this moft noble and com=
prehenfive of all mufical machines, and of
the manner by which its numerous founds
arg
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are produced : and fuch a defcription will,
perhaps, afford a perfon of an ingenious
difpofition a recreation little inferior: to
the founds themfelves. R

There are various forts of organs, but
that we fhall here defcribe is the grand,
or church organ, which confifts of two
parts, the main body, called the great or- -
gan, and the pofitive or little orga’n, which
forms a fmall cafe or buffet, commonly
placed before the great organ. \The fize
of an organ is generally exprefled l:o}t7 the
Iength of its large@ pipe: thus they“fay,
" an organ of 8, 16, 32 feet, &c. ¥

The feveral parts of the church organ
are as follow: HIH (Plate XIX Fig. 1.),
is the found board, which i is compofed of
two parts, the upper board or cover HH H,

- * The organ in the cathedral church at Ulm,
in Germany, is .93 feet high, and 28 broad : .its -
largeft pipe is 13 inches dxameter, and it has 16
pair of bellows,

and
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and the under board HI, which is much
thicker than the other ; each of thefe con-
" fifts 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 dire&tion LL, MM,
&ec. and are continued as far as there are
ftops in the organ, and come almoft to the
edge HK. Thefe channels are covered
over,very clofe, with parchment or leather,
all the way, except a hole that is com-
monly 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 chan-
‘nels, lying crofs the former, but not fo
deep as to reach them; thefe lie in the
dire@ion LN, P Q, &c. To fit thefe
channels there are the fame number of

Vo, IL, QL wooden
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wooden fliders or regifters £, f; f; &=
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.

. FKKK is the wind cheft, 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 goes
through the valves, along the partitions.

V'V are the valves or puffs, which
epen into the wind-cheft; they are all
. inclofed in it, and may be placed in any
part of it, as occafion thall require. One
of thefe valves, with the {pring that fhuts
it, and- the wire that- opens it, is. reprefcnt-’ ~
ed by Fxg 2.

. C D, 'E; F &c are the keys on whlcb
‘the ﬁngers are placed, when the ergan is
Rlayed thefe keys lic over the horlzontal

“bar
T2
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bar of wood W, in which ‘are ffuck an
equal riumber of wire pins 2; 2; 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 miarked 3¢ on this alfo are feveral
Wwires; whith go through the keys, to
guide them ; and on this bar a lift is faften=
ed to hinder the keys from knocking a<
gainft the wood: '

The keys aré iadé to communicaté
with the valves feveral ways, as we fhall
now defcribe:  Firft, s, 5; s are the key’
follers, moving on the pivots #, #: thefe
rollers li¢ horizontally, one above another,
and are of fuch a length as to reach fromi
the valve to the key : 4; 4, a, dre arms or
levers fixed to the key-rollers: w, wj the
valve wires fixed to the arm¢ 4, 4, and to
“¥alves V, and go through the holes 4; 4
in the bottom of the wind-cheft: 4; 4, &

R Q.2 ~ are
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are likewife arms fixed to the key-rollers
d, d, d, the key-wires, fixed to the arms ,‘
&, 4, 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 4, by the
wire 4, which turns about the roller s with
the arm 4, that pulls down the wire w,
which opens the valve, that is fhut by the
fpring as foon as the preflure is taken off
the key. In this conftruction there muft
be a worm fpring faftened to the key, and
to the bar W, on the further fide, to keep
down the end g, of the key.

Another method of opening the valves
- is thus: xy, xy, are flender levers, move-
able on thecenters 1, 1: §, 5 x, are wires
going from the further ends of the keys
to the ends x of thelevers: yV, 4V, are
other wires, reaching from the ends y of
the levers, through the holes 4, to the
valves V. So that. putting down the key
C, D, &c. raifes the end g, which thrufts’

8 o A\ e up
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“up the end x of the lever, by the wire

53 this deprefles the end y of the lever,
which pulls down the wire y V, and opens
the valve V, S

A third way of opening the Qalves-is
this: at the end of the key 4, is a lever

8,9, moving in thecenter 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,

raifes the end 8, which deprefles the end.

g, of the lever 8, 9, pulls down the wire,
and opens the valve. There is only one of

thefe drawn in the fcheme, and byt a few-

of the others; to avoid confufion,

R, R, are the rollers, to r_noirc the fliders,
b}; help of the arms ¢ f, ¢ f; which are
fixed horizontally in thefe rollers: £ ¢, Ze,
are alfalevers fixed in the rollers ; /e, /e,
are the handles, which lie horizontally,
- and pafs through the holes /, /; they are

. Q3 faftened
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faftened to the lever %e, being moveable
about a joint at e. -

Now, any handle / p, bcing drawn out,
pulls the end ¢ toward /, which turns a-
bout R 4, along with the arm ¢ £ and the
end fpulls out the flider /g ; 4nd when p
is thruft in, the arm ¢ f likewife thrufts in
the flider £ g, -

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 amouth like a flute,
the other with reeds. THe firft, called-
pipes of mutation, confift (1.) of a foot
AABB (Fig. 3.) which is a hollow corie,
that ‘receives the wind that is to found
the pipe: (2.) to this foot is faftened the
body of the pipe BBD D, Between the
foot and the body of the pipe is a dia= =
.Phragm or pamtlon FEF, thathas a long

: © - but
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but narrow aperture, by which the wind
comes out : ovey 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 : their diameter is very fmall,
and their found very clear and thrill.
Thofe of lead mixed with tin are larger :
the thorteft are open, the longeft quite

“flopped : thofe ‘of a mean fize are partly
ftopped, and have befide alittle ear on each
{ide the mouth, to be drawn clofer or fet

further afunder, in- order to raife or lower
the found., The wooden pipes are iquare,
and their extremity is ftopped with a valve

or tampion of leather. The found of the
wooden and leaden pipes is very {oft: -the
~ large ones ftopped are commonly of wood,
the {mall ones of lead. The longeft pipes
give the graveft found, and the thorteft
the moft acute : their lengths and widths

Q4 are



232 RATIONAL

are determmcd by a ﬁxcd proportion to
their founds, and their divifions are regu-
lated by a rule, which is called the diapa-
fon. Thelongeft has commonly fixteen
feet; but in very large organs it has thir-
ty-two feet, The pedal tubes are always
open, though made of wood and of lead.
Whatever note any open pipe founds,when
its mouth is ftopped, it will found an oc-
tave lower ; and a pipe of twice its capa-
city will likewife found an o&ave lower,

A reed pipe confifts of a foot A A BB,
(Fig. 4.) that carries the wind into the
fhalot or reed CD, which is a hollow de-
mi-cylinder, fitted, at its extremity D, into
a fort of mould, by a wooden tampion G.
The fhallot is covered with a plate of cop-
per KK L'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 fhake againft the
recd ; 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 I 1,
that ferves to fix the fhallot or reed, the
tongue, tampien, &c. ferves alfo to ftop
the foot of the pipe, and make the wind
go out wholly at the reed. Laftly, in the
mould is foldered the tube H H, 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
intenfion of the found depends on thewidth
of the reed, the tongue, and the tube; as
alfo on the thicknefs of the tongue, the fi- |
gure of the tube, and the quantity of wind.
To diverfify 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. 1. X reprefents a flute-pipe of
‘wood, 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 wpon 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 flider, (when it is drawn out) into
the partition below; fo that any pipes
placed upoa thofe holes will then com-
municate with the partition, which, by its
valve, communicates with the wind-cheft.
But when the {lider is thruft in, its holes
do not anfwer to thofe in the upper
and lower boards, therefore the commu-
“nication is ftopped, fo that no wind can get
to .the pipe.

Toevery largé organ there muftbe at leaft
two ,pair of bellows, which are marked in
Fig.1.by9T,9 T. O, O, are the handles,

moving upon the axes # n, sz, Each of
thefe
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thefe bellows ¢onfifts of two boards, the
loweft of which is immoveable; and in |
this there i8 a valve r, opening inwards,
and a tube leadirg fo it, called the convey-
ing tube. There1is alfo a hole in this un~
der board, from which a tube leads to the
port-vent, which is a fquare tube marked
4, rifing -upward, and inferted into the
under fide of the wind-cheft at 2. In the
tube leading to the portvent 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 be-
jng 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-
fintly defcending, which occafions a con-
tipual blaft through the port=vent. In
-ehamber-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 blaft. - All
the internal firuGture of the organ is con=~
cealed from the fight by the front of the
inftrument, which ftands upon the part be-
tween the numbers 3 and 6 (Fig. 1.)

In every organ the number of partitions
LL, MM, &c. there are in the found-
board (Fig. 1.) that of the valves V, V;
that of the rollers s, s; or of the levers x,
¥s 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 belongto
the pedals or large pipes, the ftops to which
* are played by the feet. The keys of ‘an

organ are ufually divided into four oc-
*taves, which are, the fecond fub-o&ave,
firft fub-oQtave, middle o&ave, and firft
-o@ave, Each o&tave is divided into twelve

ftops 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 o&taves, muft be 48. Some organifts
add one or more ftops to the firft and fe-
cond fub-o&taves. The pedals have two
or three o&taves, at 'the option of the or-
ganift ; {o that the number of ftops is in-
determinate. ‘The keys are placed be-
tween G G, (Fig. 1.) but the {cheme could
not contain them all. There are alfo as
many handles / /, &c. rollers R, R, &ec.
fliders f; f; &ec. as there are flops upon
the organ; and it muft be obferved, that
between the fliders f; f; &c. there are as
many fliders on the right hand, and the

-fame number of handles and rollers, and

other rows of pipes placed between LN,
P Q_, &c. which could not be exprefled in
the figure.

_ The leaft pipes and partitions are plaéed
toward the middle of the organ, and

the greateft on the outfide, The ftops
of
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of an organ have various denominatiofi§;
acgording to the founds they are to pro=
duce ; fome of which are diapafon, princi«
pal, fifteenth, twelfth, -tearce, cornet,
trumpet, French horn, vox humana, flute,
bafloon, cremona, &c. ‘There is likewife

a contrivance to {well the notes of fome of
- the ftops.

. When this magnificent infirument i§ -
played, the handle O of the bellows is firft
put down, which raifes the upper board
T, and gives room for the air to enter by
the valve ». Then the other handle O is
put down ; in the mean time the board T
belonging to the firft handle, defcending;
and thutting the valve r, drives the air;
through the othet valve, up the port=vnet,
and into the w:nd-chcﬁ' Then drawing
out any handle, as that of the flute-ftop
# }, which draws out'the flider /g, all the
- pipes in the fet LN are ready to play; ag
foon as the keys C, D,E, &c. are putdown
therefore, if the key D be put down, it
opens
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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, willfound when
its key is put down; but no pipe, in any

~ other fet, will found, till the flider be drawn
~ out by its correfponding handle.

The organ is not-only the moft grand,
but the moft ancient of all compound mu-.
fical machines. Vitruvius defcribes an hy-
draulic organ in the tenth book of his ar-
chiteture, which was celebrated by the
Emperor Julian, 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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REGREATION L  p.ig
-Opticgl sflufion..

Three pieces of money being placed in a:
veffel (PL. 1I1..Fig. 1.) out of theview of
a fpeftator, and water being poured in—
to the veffel all thofe pieces become vi~
fible—by the refraction.of the light thro*’
the water. .. . '
RECREATION IE p.15

Optical augmentation.

A fhilling being put i a glafs of water;

and a plate - placed upon it,‘the glafs is:

- turned over with the plate, and there-

appears a half crown on the plate and:

afhilling aver it—by the feeing the fhil-

ling through the top and the fide of the:

.. water at the fame time, and-the diﬂ’crenﬁ_
_refraction of the light,

. BECRE-
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Optical ﬁ:&traﬂzom -
Htiree {mall pieces of paper bemé ‘placed

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

perfon by fhutting one of his cyes can
fee only two of them—the rays that
come from one of the pieces falling
always on the optic nerve, and not on
the rctma R g

RECREATION V. prs

, Alternate illufion.

A filver Tesl, when viewsd thrangh a con-
vex lens, appears alternately engraved

- and in relief—conjecture on the caufe of

’ this ;cmaerg;pmwMQompMMtc)

RECREATION V. p.20

The camera ijZ-dra. '

A convex lens Is placed in the windows
fhutter of a dark room, and a concave
Ra ‘pafte-
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pafteboard, lined with white paper, is
placed in the focus of the lens, where-
by the obje@s without the room are
painted on the paper, but inverted—
method of making them appear ere&,
page 22 (note)—this apparatus im-
proved by a mirror placed in different
pofitions, p. 22—prefents the moft
pleafing and natural of all pi€tures 25

'RECREATON VL . p.2s
To fbow the fpots in the fun's- dify- by sts

image in the camera obfcura.

By plac'méa fcioptzic ball, that is, a ball of’
- wood in which a- lens is fixed, oppofite
 the fun; which will throw its image on
‘the - paper——this 1mage to be vzcwcd
Ghrough another lens, p. 26

»
S
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RECREATION VIL  p.27

To magnify fmall objects by means of the
Jun's ray: let into a dark chamber.

By throwmg the rays on a concave mirror,
and holding the fmall objeds, ftuck on
flips of glafs, near the focus of the mir-
ror, by which mean their images are
refletted on the wall.

RECREATION VIIL p.28
The portable camera obfcura.

A plate of glafs is placed in a horizontal
frame of wood that is fupported by
four legs, which fold up (Plate’ IlI.-
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 obje@s are refle@ed to the
glafs—advantage of this camera over

‘others, p. 3o—manner of drawing ob- -

Jjeét by this machine P 31
| R3 . RE-
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RECREATION IX. p32
The magic lantern.

The origin of this machine—it “confifty
of a tin box,. at one end of which is a
concave mirror; in the other end ig \
fixed a lens, and between them is placed
a lamp beforc the lens is fixed a fquarc
tin tube in which there 1s a groove,
and' through this groove the glaffeg
'-fhat ‘contain the objedts are pafled: in

- this tube is placed-anpthet, that is move-
- able, and containg twe lenfes, which
throw the- obje@s on a cloth—method
of painting the glaﬁ'es, p- 37—-propofal
of improving this. machme by uﬁng
moveable obje@s- - - P- 39

RECREATION X p4Q
To reprg/érzt a tmpey} by the magzc lantem.

By pafling two glaﬂ'es, on one of whlch is
PamICd the fea and ky, and on the
othe:
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rother .thips, (Plate IV. Fig. 1 and 2.)
sthrough the groove at the fame time,
-and giving them a proper motion—by
:the fame method a battle, and many
~.other-{fubjects may-be exhibited - p. 42

" RECREATION XL . p.43
The nebulous }kagic 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 {moke that comes

-out of thetop of the box is thrown the
figures of the magic‘lantern.

RECREATION XIL p 44
“To produce the c‘ppea}arzcé of a pﬁqﬁlotk, on
a box or pedeftal placed on a table.

A common"magic lantern ,is “p]ace‘d in a
box, (PlateIV. Fig. 4:) in whith there

- .§s an inclined mirror, that reflects the

R 4 light
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lxght of the lantern on the t}nck {moke
of a chafingdith of coals placed on the
box, and fhows the image reflected by
the glafs—this Recreation muft be per-
formedin adarkroom = p! 47

RECREATION XIIL p.48
The magical theatre.

A magic lantern muft be provided that has
"atube’in two of its oppofite fides, (Pl 1v.

© Fig. 5.) in one of which tubes there
- muft be feveral grooves, by which the
fubje@s to be reprefented may be paﬂ'ed
erther 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
thrc the cxhxbmon is to be feen, thctc

| muﬁ be placcd a glafs, covered with
thin’ paper, on ‘which the obje@s are to
be thrown—example of a reprefentation.
~of the fiege of Troy, in five ads,
P 52-——1t is quxtc ncceﬁ'ary that the
glaffes
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: g!éﬂ'cs’for thefe exhibitions be accurate-
'!y painted, p. 60~ - L

CATOPTRICS.

DEFINITIONS - 62
APHORISMS 63

Properties of plain mirrors, P 63—of
~ fpherical convex mirrors, p. 64—of
{pherical concave mirrors, p. 65.

RECREATION XIV. ,"p_.'67
Tﬁe bouna’l j} galler].

Againft each of the two ﬁnalleﬁ ends of
an oblong box (Plate VI. Eig. 1.) is
placed a plain mirror, and. from one of
them the quickfilver is taken off for the
fpace -of an inch and a-half, oppoﬁtc
4wh1ch a hole is made in- the box: the
tqp of the box is ‘covered wlth glafs,
a}xid between the . mirrors ;a‘_rg.pla;ccd
fcenes properly ‘painted,..which. when
yiewed from the hole at the end of the

6 box,
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of a dial cafe, and toward the tep -of
the cafe is fixed a mirror, by which
the figures of the hours are refle@ted to
“the part where the dial is commonly
feen. Anothér 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 perfon, who fetting
the hand privately to any hour, puts it
in a drawer at the bottom of the dial-
cafe, under the firft mentioned dial, and
" looking in at top he fees the refleion’
of the dial there, anfwer to the hour at
* which he fet the other dial; the hand
of the firft being moved, by the aftrac-
tion of the magnet in the other, to the
fame hour. '

RECREATION XIX. - p.81
_ The box of drvination.

A box that cohtaiqs four cafes, on each of
* which a number. is wrote, and at the
" bottom of which a magnet is concealed,

- Plate.
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\v(f’late VIIL Fig. 1.) is placed on. a ta-

ble : under that pa,rt "of the tible 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 fees by

 that mirror, in what order are placed the

boxes that have the numbers.

RECREATION XX. p.8s
The magical per/peclive.

A fmall common perfpeQive (Plate VIIL

Fig. 6.) is fixed on a hollow ftand of
wood ; in ihis perfpeive is placed a
mirror, which is moved by the inner

" tube, fo as to fhow any objett underthe

| f.'holIow ﬁand. - Three of thefe perfpec-
f v_tlves are fet over three holes in the
. topofa box, (Fig. 5.) at the bottom of
“%which is placed a moveable circle, that

. f5'divided into twenty-one ‘equal parts,

and contains a magnetic needle : " this

box 1s fet on a table, under which

is
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is concealed a magnetic bar, that befﬁg’
privately placed in any pofition, deters
mines that of the circle in the box,
and confequently brings any of the ob-
je@s painted on it under the feveral
pcrfpc&i\%cs.

RECREATION XXL p.g3
The penetratsve perfpeltive,

In a box or cafe that has two-prominent
parts or arms, (Plate X. Fig. 1.) are
placed four mirrors, and in each of the
arms is fixed the tube of a perfpeQive
glafs, fo that the obje& next the end of
one perfpective, being refle@ed by the
four mirrors, is feen at the end of the
other, and appears as if viewed through
the two perfpe@ives, and confequently

- is perfe@ly vifible when an opaque

- . body is placed between thofe two per=
fpeQives. | '

REERE-
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, RECREATION XXIL p. 66

Tﬁe magmmz s mirrors.

“"Fwo glafles are fixed in the partition of

] a room, at about a foot diftant from
each other: (Plate X. Fig. 2.) behind

- thefe glafles are placed twe miryors, in-
clined in a proper angle, fo that a perfore
looking into one of them, inftead of fee-
ing his own face, fees that of another per-
fon who at the fame time looks into the

. other glafs. Method of improving this

v Recrcanon, by puttmg the two glafles
i adJom‘ing Tooms, P. 97—-—properues
“of plain mirrors when- “placed in dif-
fcrent*poﬁtwns P 98

RECREATION xxm p.xoo
| Poltmojb@a

Thefe infiruments confift of a tube that

- ¢ontains an inclined mxrror, and has an .
: eye-
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eye-glafs of a proper focus, fo that
while the tube is pointed at one ob_]e&
you fee anothet. ‘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 fide, p. 161

RECREATION XXIV. ioz
The enchanted mirrors.

In four parallel fides of a cubical box are
fixed four glafles, reprefenting mirrors,
arid within the box are placed two mir-
rors, that crofs it dlagonally When
four perfons ook into the glaffes, each
of thém fees, inftead of his ewn face,
that of the perfon néxt him, and Wwho
appears at the fame time to be placed
dire&ly oppolfite to him. :

/

' R E--
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RECREATION XXV. p. 103
The animated optic balls.

This pleafing piece of optics confifts of
an oblong box, (Pl. IX. Fig. 2.) three
fourths of the upper part of which is
divided from the lower by a horizontal -
partltlon, and is decorated with paint-
ings. In the lower part of the remain=
ing fourth is placed an inclined plane,
in the middle of which is a ferpentine
groove, and in the other parts are paint-
ings, or obje@s in relief : in the upper
part of this fpace is a mirror, placed in
in a proper angle to reflect the obje&ts
on the plane, At the end of the box
1is a fmall opening, by which ivory balis,
that may be painted with different
colours, 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
Vor.IL. 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 obje&s on the inclined plane
are feen, refle@ted 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 XXVE p.11rx
" The optic balls by a double refleciion.

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 {mall inclination, thro’
which the balls may pafs: and if there
be fufficient room, there may be two

- fets of grooves, by which the balls will
fem in the mirror to rencounter and
pals over cach other,

RECR E-
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- RECREATION XXVIL p.114

To deferibe on a plain furface an irregular
Sgure, which fball appear regular when
placed oppofite a multiplying glafs, and

" and feen, by reflection, through an aper-
ture made in the center of the drawing.

The plan of the multiplying glafs (Plate
X. Fig. 5.) being drawn on 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 2 RECR E-
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RECREATION XXVIIL p.ize

To defcribe, on a plain furface, a deformed
Sigure, which fball appear regular when
wviewed by refleclion in a cylindrical
mirror.

Part of the furface of the cylinder (P1 XI.
Fig. 1.) is to be divided by lines, 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&t-
cd on the plane DG, by the lines on
the cylinder, and the figure will then
appear deformed, but being feen from
the point of view E, will be quite re-
gular. A fimilar experiment may be
made with prifmatic and other mir-

rors , p. 124

R E CRE-
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RECREATION XXIX. p.123
Optical a/)pearah&e:.

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 ere&, and the wa-
ter at the bottom of the bottle. If while
the bottle is inverted it be uncorked,j it
will appear, that y&hile the upper part
is emptying the bottom part is filling.

RECREATION XXX. p. 128
 The perfpective mirror.

At one end of an oblong box (Plate XII.
Fig. 1.) is placed a concave mirror ; near -
the upper part of the oppofite end a
hole is made, and about the middle &f
the box is placed a hollow frame of

' S3 pafte-
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pafteboard, that confines the view of the
mirror. ‘The top of the box next that
end in which the hole is made is co-
vered with a glafs ; and under the hole
are placed, in fucceffion, different pic-
tures, properly painted, which are
thrown into perfpective by the mirror,
and produce an appearance that is highly
 pleafing,

RECREATION XXXL p.130
To fot fire to a combuftible body by the re-

Slection of two concave mirrors.

Thefe two mirrors (Plate XII. Fig. 2.) are
placed at a confiderable diftance, and in
the focus of one 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 diftance between: the mirrors
be feveral feet. /

RE-
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RECREATION XXXIL p 152
- The real apparzt:aiz

A hole is made in a partition, (Plate XI".
Fig. 3.) and behind it is placed a large’
concave mirror, and a flrong light, that
muft not be vifibleat the hole. ~ Onthe
fame fide of the partition, and- dire&ly
under the hole, is fixed, in an inverted
pofition, the obje& that is to appear

~without the partition. A perfon being
placed in a proper point of view will fee
the obje@ on the outfide, and in an
ere&t poflition—The figure of an abfent
or deceafed friend may be made to ap-
pear by this method, P- 134—The ima-
gmary combat by a concave mirror,

p. 136

CHROMATIGS,

DEFINITIONS ' p-137
APHORISMS ' 138

'84." R E-
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RECREATION XXXIIL p. 140

Out of a fingle colourlefs ray of light to pro-
duce feven other rays, which fball paint,
on a white body, the feven primary colours
¢f nature.

- A round hole is made in the window-fhut-

ter of a dark room, and the ray of light

-that enters at the hole, falling on a -

prifm, is refracted, andbeing thrown on

a paper placed at a proper diftance,

forms an oblong fpe@rum that exhibits
all the primary -colours of nature.

RECREATION. XXXIV. p.143

From two or more of the primary colours to
compofe others, that fball, in appearance,
refemble thofe of the prifin.

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 {imilar in

appearance to the primary, yet when
viewed



"CONTENTS. 265
-viewed through a prifim, 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 alltheother 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 XIIL Fig. 2.) When one
of thefe glafles is putin a box, open at
two oppofite ends, all the gradations
of the colour it contains are vifible;
and when two of them are placed toge-
ther, Fig. 3, the intermediate colour ap-
pears, with its feveral degrees.

RECREATION XXXVL p. 147

By means of the three primary colours, red,
yellow, and blue, together with light and

7 Shade, |
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Sbade, to produce all the gradations of the

prifmatic colours.

On feven {quare panes of glafs papers are
pafted that contain all the prifmatic co-
Yours, and over them are put a different
number of pieces, tinged with a deep
fhade, and they are then placed in a box,
in the fame manner as in the laft Re-
creation. Method of printing in co~
lours, p. 148,

RECREATION XXXVIL p. 150
The hagical prifin.

A ray of light that comes through a hole
made in the window-fhutter of a dark
chamber, falling on a glafs prifm, (P ate
XII1. Fig. 4.) is refracted 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, y’eliow and

red, or blue and violet. .
| R E-
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. RECREATION XXXVIILp. 152 .
The folar magic lantern.

A {mall box that is open at two oppofite
fides, is placed againft a hole of the
fame fize in the window-fhutter of a
dark chamber that faces thefun. Thro’
this box are pafled, by a groove, pafte-
board blacked, and through which dif-
ferent figures are cut. Thefe figures,
when viewed through a prifm, appear
to be painted with the moft lively co- |
lours in nature. This Recreation may
be diverfified by pafting papers, tinged
with different colours, over the figures
in the pdﬁebo;rd.

RECREATION XXXIX. p.154

The artificial rainbow,

Oppofite a window on which the fun
~ {hines, a glafs globe, filled with water,
is fufpended by a firing that pafles over

a pulley; and when it is drawnup 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 itis drawn up a little
higher the colours difappear, and when
it is drawn up ftill higher they appear
again, and at laft totally difappear. The
phenomena of the natural rainbow ex-
plained by this experiment, p. 155.

RECREATION XL. p. 158
The prifmatic camerg obfiura.

Two holes are made in the fhutter of a
dark chamber, (Plate XIII. Fig. 5.) and
againft each of them a prifm is placed,
in fuch manner that both their fpec-
trums are caft upon the fame {pot. Se-
veral papers, of the fame dimenfion
with the {pe@rums, have lines drawn on
thein, parallel to the divifions of the
colours, and between thofe divifions fi-
gures 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 {fpe@rums through an-

other prifm, p. 159.
R E-
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RECREATION XLL p.16o
The diatonic feale of colours.

The fun’s fpe@rum is to be largely re-
fracted on a paper, and the divifions of
the feveral colours fet off, when they
will be found to correfpond to the di-

- vifions of a mufical chord for the notes
of an o&tave.

RECREATION XLIL p. 162
Colorific mufic.

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 cach of the latter parts
fpaces are cut, over which are pafted
papers that are painted with the feven
primary colours. . At the bottom of
this cylinder is a wheel, an endlefs
fcrew, and a nut ; and when itis 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 thows the feveral colours it con-
tains at the eight apertures made in
the front of the cafe. A lamp is fuf-
pended from the top of the cafe, which,
hanging within the cylinder, thows the
colours that anfwer to the notes of mu-
fic, and the length of thofe colours cor-
refponds to the duration of the notes.

PERSPECTIVE RECREATIONS. -

AY

RECREATION XLIIL p.168

To draw on a plain _furface an irregular fi-
gurt, which, when feen from a proper
posnt of view, will appear fimilar to a
given figure.

A parallelogram is divided into forty-cight
equal parts, (Plate XV. Fig. 1.) on
which the regular figureis 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 advan-
tage when painted on the fide of a gal-
lery, p. 174.

"RECREATION XLIV. p. 175

To draw an irregular figure on a plane,
which being feen from two oppofite points

of view, fball reprefent two d ﬁerent re-
gular objects.

The two regular fgures are to be firft
" drawn on the two parallelograms, (Pl
XVL. Fig. 3.) and then transferred to
the divifions of the parallelogram, Fig. 2.
On a board, Fig. 4, of the fame fize
with the laft ﬁgure, lines are cnt, in.
which
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which a paper, Fig. s, is pafted, and the
diftorted figure on it; which when feen
from two proper points of view, will
prefent two regular figures.

RECREATION XLV. p.181

To draw on the bafe of & cone an irregular
Jigure, which fhall appear, when _feen from
a proper point of view, not only regular,
but elevated above the furface of the
cone.

The cone is placed in a board, (P1. XVII.. -
Fig. 1.) with its bafe upward, and at
one end of it is fixed a perpendicular
plate of glafs, on which the regular fi-
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 dife
torted figure, when feen from the point

of view appears not only regular, but
' B ere&,
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eréd, and in the fame fituation it was
on the glafs; -

RECREATION XLV p.186

Do draw, eafily and corredtly, a Ianaﬁ‘ape, or
any other objet, without being obliged to
obferve the riles of perfpective, and withs
out the aid of the camera obfiura.

In the largeft end of a box (Plate XVIL
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. Youare provided
with a paper that has the {ame num-
ber of divifions as the frame in the box,
and looking through the tube you tranf-
fer the feveral obje&s feen through the
divifions of the frame to thofe on the

paper.
RECREATION XLVIL p. 189
Iluminated profpects.
The top of a print; properly painted, is cut
off, and put.in a frame, and the lower

partin another frame. Thefe twoframes
Vour. II. T are
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are placed in a box, (Pl. XVIL Fig. s.)
at different diftances, and behind themy
lights are fet, and when they are viewed
from the front of the box, and there is.
no other light in the room, they aﬂ'ord
a very pleafing appearance..

RECREATION XLVIII p 191

© ' Tranjparent 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 pa.pér, and behind that are lights.
Thefe fcenes are to be moveable, fo as to.

“reprefent a fucceffion of objedts dif
, fdrently illuminated.

. ACOUSTICS.
DEFINITIONS P 195
APHORISMS 196
- Nature of fonorous bodies, aph. 1 to §o—
* Vibrations of chords, aph. 6 to g.—Pro— -
pagatlon of found, aph. 10 to 14—
"Strength and refleGion of found, aph.
15 and 16. , R E-
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RE CR E ATION XLIX. p.zor
 The eolipiles.

A {mall metai globe, with a flender neck,

is thrown, when hot, into a veflel 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
'vthcfé cohplles

l RECREATION L. p 202

The communicative bufs.

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 {peak into the ear
of one buft, another perfon, who applies
his ear to the mouth of the other buft,
* will hear diftin@ly all the firft utters;
and at'the fame time other péople, in the .
middle of the room, will hear nothing
of what paffes.

l Two bufts afé placed on pedeftals on the

T 2 R E-
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RECREATION' LIL p.geg

T/ze oracular head.

Thls recreation is performed by a fingle
head, and tubes, that go from the ear
and mouth of it, toa room underneath,
where a confederate hears 'what is faid,
and returns an anfwer; and there are

+ wires by which the eyes and lips of the
* buft are moved at the fame time.

‘RECREATION LI p. 204
The folar Sfonata.

A barrel organ is placed m a cafe, that has
a glafsfront, behind which isa tube with
{pirits, and on that a cork floats, which,

. when it rifes to a certain point, by the

~ heat of the fun, lifts up a catch, andfets

_ the organ in play; but when the ma-

~. chine.is carried into the cold the fpirits
fink,and the catch again ftops the organ.

RECREATION' LIL p. 207
" An autor:atous harpfichord,

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 pafles under the
floor, a{nd communicates with a fmoke-

 jack, by which the harpﬁchord is played

~ inceffantly.

o RECREATION LIV. p. 209
A ‘venz‘q/c'zl /j'mp/zony |

On the top of a houfe there is a vane, (PL
XVIIL. F1g 3.) at the bottom of which,
and within the roof of the houfe, is a

~ wheel, that communicates, by other fmall
wheels and pinions, with a large barrel

- in the room underneath : to this barrel
a number of ftops are fixed, and clofe
to it are hung twelve bells ; therefore,
as the vane is turned by the wind, the
feveral {mall wheels being put in mo-
tion, turn the barrel, and by making it
ftrike the bells, according to the pofition
of the flops, play the fymphony.

REEGRE-
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RECREATION LV.  p.2nx

The nofturnal revesileur.

. Onthe circumference of a wheel are placed
a number of bells, and round its axis
is wound a rope, at the end of wfnch
is faftened a weight, that refts upon one
end of a moveable lever, and is ba<
lanced by a hollow cone filled with fand,
hung to the other end of the lever, but’
as the fand runs out the wexght defcends,
and by turning the wheel rings the bells.

RECREATION LVL.  p. 214
A mufical cafcade. .

A large wheel is placed under a cafcade,
the water of which is confined to. the
ends of the wheel; 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 LVil. p.216
Reverberated founds. - ’
Conftru&ion of a whifpering gallery—the

nature of echoes, p.217—of tcverberated
echoes, p. 219.’
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RECREATION ' LVII p.220
 The cénver:/iw ﬁétue.l

There are two large concave'mirrors, and ir
the focus of one of them is placed the fi-
gureof a rhan (PL. XVIII. Fig. 5.) The
ether mirror is placed behinda pastition,

' in whlch is an opening, concealed by a
gau‘ze When a perfon fpeaks foftly in
the ear of the flatue, which is exa@ly -
in the focus of one of the mxrrors, an-
other perfon placmg hlS ear in the fo-
~eus_of the other mlrror will hear dif-
'tmdl‘y what is fald and anfwermg foft-
Iy at the fame pomt Wlu be heard by ’
the. firft perfon.

RECREATION LIX. 223
- The great organ.

The body of this noble inftrument con-
fifts of a wind-cheft, (P1. XIX. Fig. 1.}
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 fliders aré
placed, in a tranfverfe pofition to the
partitions. There are holes made thro’
the upper board,{liders, and under board,
into the partitions; and in the holes of
the upper board the pipes are placed that
produce the founds. There are two pair
of bellows, by which the air is forced
into the cheft. 'When any one of the
fliders is drawn out, its holes correfpond
with thofe in the upper board and in the
partitions. At the front end of each par-
tition 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 ruthes into
~ the partition, and the {lider being drawn
out, it paffes through the holes in that
and the upper board into the pipe placed
" over it, and makes it found.

‘A

THE END OF THE SECOND VOLUME.
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