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DESCRIPTION of the PLATES.

PLATE L ph

FIG. I. Shows the manner in which the rays

of light converge and diverge.
Fig. 2. Different obje&s feen under the fame
optic angle.
Fig. 3. The refraction of a ray of light, AB, in
pafling through different mediums.
Fig. 4. The different forts of lenfes.

PLATE S » it

Fig. 1. The difpofition of the lenfes of a com-
mon telefcope. AB the object-glafs, CD the eye-
glafs; O [ the obje, which appears inverted at
E, and magnified.

Fig. 2. The conftrution of a terreftrial te-
lefcope, in which the lenfes CD and EF are added
to thofein the laft figure, and by which the pbject
is made to appear in itsnatural pofition. ;

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

A 3 per-
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_perforated at 7, by which the image of an object,
entering at the end of the tube DE, is refle¢ted to

- the fmall mirror I, placed on a ftand, and by that
to the glaffes B and A, which convey it to the
eye in anerect pofition.

Fig. 4. The conftru&tion of a double micro-
fcope. A B the obje@t-glafs, and C D the eye-
glafs : g m b theobje&, and GH the image, which
appears inverted and greatly magnified.

| PLATE 1L p. 36

‘ Fig. 1, is a veffel with water, by the refrac-
‘ tion of the light through which three pieces of
| ’ money E, F, G, are feen at the point where they

were invifible before the water was poured into
the veflel.

Fig. 2. Three {mall pieces of paper A,B, C,
being ftuck againft the wall, theimage of one of
them will at a little diftance fall on the optic
nerve at D, and therefore be invifible.

Fig. 3. The portable camera obfcura. E isa
plate of glafs placed in the frame ABCD, towhich
the image of the objects that enter the tube O, are
refle¢ted by the mirror N. The four legs and
| the pieces that compofe the cafe H, have hinges,
by which they fold up.

Fig. 4. The magic lantern. ABCD'is a tin
box, in one end of which is a concave mirror G 5
at the oppofite end is a convex lens I, and before
it a tin.tube O, that has anopening MN, through
1 which are pafied the glaffes that have the objeéts

painted
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painted on them, In the tube O is placed anothess
that is moveable, and that contains two lenfes P
and Q, by which the objects on the glafies are
thrownon the wall : K is a lamp, and E, F the
funnel by which the fmoke comes out, and its
cover that keeps in the light.

PLATY R I

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

Fig. 3, is a box that contains a chafingdifh,
on the fmoke of which, that comes out at the top
of the box AB, the figures of a magic lantern are
thrown.

Fig. 4. A machine for reprefenting a phan-
tom: within it is placed a magic lantern, the
images of which being refleted by the mirror M,
pafs out atan opening in the top of the box,
and are thrown on the fmoke of a chafingdith
placed upon it, where they are vifible.

Fig. 5. A large magic lantern for exhibiting
a magical theatre. In the tube H are feveral
grooves in different dire&ions, by which different
glafles are pafied at the fame time.

PLATE Y .pé6.

Fig. 1. Reprefentation of an objec reflected
by a plain mirror. A C the object, GIthe mirror,
DF the image.

A 4 Fig.
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Fig. 2. GI is a convex mirror, A C the ob-
Jject, and DF the image.

Fig. 3. G I aconcave mirror, A C the object,
DF the image, that appears behind the mirror,
eret and magnified. :

Fig. 4. GI a concave mirror, AC an object at
a greater diftance than in thelaft figure; DF the
image before the mirror, inverted and diminifhed.

PEEA Fal, < V-5, 50,

Fig 1. 'The box for the boundlefs gallery :
EF two pafteboards 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 is the whole by which the objeéts are
viewed.

Fig. 2, and 3. The painted pafteboards to place
in the box, Fig. 1.

Fig. 4. The box for the four magical mirrors.
ABCD the body of the box, againft whofe four
infides the mirrors are placed. BNLI a frame of
glafs confifting of four inclined plates, and one at
top that is horizontal ; by the latter the images
placed on the bottom of the box are feen reflect-
ed by the mirrors.

Fig. 5. A plan for difpofing the obje&s in the
box, Fig. 4.

PPESA B Vil nietos

Fig. 1. The enchanted palace. Againft the fix
pillars mirrors are fixed, that meet in the cen-
ter; and between each triangular divifion objects
are placed, that are refleéted” by the mirrors,
ABCDEF is the plan of the bafe of e palace.

Fig.
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Fig. 2, is a{quare on which a regular figure is
drawn, that,when transferred to the correfponding
divifions of Fig. 3, appears deformed, but when
feen in a mirror placed at F G, from a point over
B, appears exactly the fame as on Fig. 2.

Fig. 4. The magical dial. In the drawer H is
placed the dial Fig. 5, whofe index is a touched
needle that is moved by a magnetic bar under the
dial-plate. At I another dial, Fig. 6, is placed,
whofe index is likewife a touched needle, and is
regulated by that on Fig. 5. At M is an inclined
mirror, that, refle¢ting the dial placed at I, makes
it vifible at an opening in that center of the dial
at the top of Fig. 4. &

P:L AT E VI g prgs;

Fig. 1. The box of divination ABCD, in
which are placed the tablets E,F,G,H, 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
pafteboard circles P, Q, R, S, Fig. 3. MN isan
inclined mirror placed in a drawer under the table,

Fig. 4, is the top of a box, that has three holes,
and over them are placed three perfpectives like
Fig. 6. Each of thefe perfpectives is fixed on a
hollow pedeftal,and contains a mirror E, by which
the objets on the circle Fig. 7, that is put at
the bottom of the box, are feenat D.  There is- a

magnetic bar concealed in the table, on which
the




vi DESCRIBTION or

the box is placed, that moves the circle Fig. 7,
by the needle in the middle of it.

Fig. 5, is a column placed on the middle of
the box, and in which the fpeétators feem to fee
the objects thown by the perfpectives.

BdaA TiE- 1K ipa

Fig. 2. The box for the animated optic balls,
IM the inclined plane, down which the ball O
runs, and through the groove P, to the hole at
the end of the box. K F is the mirror that re-
fle@s the inclined plane and the paintings in the
box to the glafs at E, and which is reprefented
by Fig..1. T the inclined plane for a double
refleétion. Fig. 4, 5, and 6, the machinery that
raifes the ball to the top of the inclined plane.

Fig. 3. The painting on the inclined plane,

P E AT ke K o DAYASs

Fig. 1. The penetrating perfpe@ive. I and G
are two moveable tubes. O, P, Q, R, are four
inclined mirrors, that refle& the objects, entering
the tube G, to the eye at F.

Fig.2. The enchanted mirrors. A D and CB
the two mirrors placed crofs the boxin a diagonal,

H and
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H and L, two of the glafles by which the fpeéta-
tors fee each other.

Fig. 4. The machine for feeing an irregular fi-
gure in amultiplying glafs (Fig.3.) AB the ftand
with the glafs fixed to it; H the hole through
which the image is feen. Fig. 5. the ruler for
drawing the refleCtion on the board D E F G.
Fig. 6, 7, and 8, projettions of the glafs.

PLATE XL p. 126.

Fig. 1. The cylindric mirror for viewing an
trregular figure drawn on the board FG, from the
point of view E, where it appears regular.

Fig. 2. The method of dividing the diameter
of a circle into a number of parts, which are to be
transferred to the cylinder, and refle@ted on the
board, for tracing the irregular figure.

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

Fig. 4, 5,and 6. The appearances of a bottle
of water before a concave mirror.

P-L-A T E- X107 pirgd,

Fig. 1. The perfpective mirror. H the con-
cave mirror, I L the blacked pafteboard for re-
gulating the view, G the aperture for viewing the
objeds placed beneath it, in the mirror,

Fig. 2. A and B two concave mirrors for firing
combuftible bodies at a diftance. C and D their
foci, in which the bodies are placed.

9 Fig,
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Fig. 3. The machinery for the real apparition
C aninverted object placed under the hole in the
partition AB, and which, by the refletion of the
concave mirror, appears ere& at D, on the outfide
of the partition.

2 T SR ) DR R RS P R

Fig.1. The rayoflight LI, pafling through the
window-fhutter AB, is refrated by the prifm
D E F, into the fpeétrum P Q, that exhibits all
the feven primary colours.

Fig. 2, and 3. The glaffes and painted papers
for reprefenting the feveral colours and their 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 obfcura. F f
two rays of light that being refracted by the prifms
A,B,C, and ¢4, 4, ¢, form the fpe@trum MN,
which appears to be painted with all the original
colours.

PLATE XIV. p.166.

Fig. 1. A ray of light largely refradted into
the fpectrum PT, the divifions of whofe colours
correfpond to the divifions of a chord for the notes
of the oftave.

Fig. 2, and 3. The machine for exhibiting co-

lorific

R
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lorific mufic. The fhaded parts in Fig. 2, repre-
fent the colours. F. is the fcrew on which it
turns, G a wheel that is moved by the endlefs
fcrew H.

Fig. 2, is the cafe that contains the cylinder.
The eight fthaded parts in the middle are the
holes through which the colours on the cylin-

der are feen ; O the handle that turns the endlefs
fcrew.

P LA T-E XVkp 15
Fig. 1, 2, and 3. The plans for drawing an ir-

regular figure that will appear regular when feen
through a hole in the ftand Fig. 4, placed in the
proper pofition.

P L A T EXVI<p:ido:

Fig. 1, 2, and 3. The plans for drawing an
irregular figure, which when feen from two oppo-
fite points of view, prefents two regular figures.

Fig. 4. A pafteboard in which lines are cur,
and over them the paper Fig. 5, that contains
the drawing that is to be pafted.

PLATE: XVILpsgn

Fig. 1, and 2. The apparatus for drawing an
irregular figure on the bafe of a cone, that ap-
pears regular from the point H ; FEG the cone 3
MN the pofition of a glafs on which the regular
figure is drawn, and that is projected on the cone

by
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by the lamp Fig: 2, when placed in the room of:
the ftand HL.
‘ Fig. 3. The machine for drawing any obje&
| correélly. EAC the tube for viewing ti‘e objech
| 3FDG the frame, thown more Ck’ally in Fig. 45
‘ by which the parts of the objeét are [ransferred to
f fimilar divifions on a paper.

Fig. 5. The box for illuminated profpeéts.
, EFGH the back of the box in which the printsare
; placed, and behind them lamps or candles.

j P A A B XV iposss.
| Fig. 1, (hows the alternate vibrations of a chord.
1 Fig.2. A chord fo divided as to found the
‘ 2 feven concords.
I Fig. 3. The apparatus for the ventofal fym-
phony. 'A B the vane that gives motion to the
k| machine; C, D, G, H, I, M, wheels and pinions
j 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 ul ence the found procceds, and is rever-
| berated by the points DEFG, to C, where it is
“f plainly heard.
Fig. 5. The converfive ftatue. ABand GH
M are two concave mirrors ; C and I their focuffes - 5
| EF a pa‘l tion that has a hole, through which a
found ifiuing at I, is diftinétly heard at C.

T -
< WPSNPE © ; e

P LA T B -XEX p. 24o0.
Fig. 1, fhowsthe mechanifm of the great organ
O, O are the handles that pufh down thc bellows
i 4 58 B
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TT : I, /, are the handles that turn the rollers
R, R, that by means of the arms ¢, £, pull out
the fliders f, g, and give liberty to the pipes
placed over any row of the holes to found ; C, D,
E, &c. are the keys, which being put down open
the valves V, that admit the air to the pipes:
KKK is the wind-cheft, that receives the air by
the port-vent 4. X is a flute-pipe of wood; Y
a trampet-pipe of metal ; Z a flute-pipe of metal.

Fig. 2, thows the conftruction of a valve, with
the wire that opens it and the fpring that fhuts it.

Fig. 3. The infide of a flute-pipe. A B the
foot, BD the body; EF the partition ; BC the
mouth,

Fig. 4. A reed pipe; AB the foot; CD the
fhallot or reed ; KL a plate of copper fitted into
the mould at I, but being loofe at its extremity K,
the air makes it fhake againft the reed.
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RATIONAL RECREATIONS.

OPTI1O®

HE feience of optics explains- the

nature of vifion, by inveftigating
the caufes of the various phenomena that
arife from the refra@ion and reflé&ion of
light. Itis divided into Dioptrics, Catop-
trics, and Chromatics®*. The firft treats
of refration ; the fecond, of réflé@ion;
and the laft; of colours.

GENERAL DEFINITIONS,

1. When the rays of light that iffue
from any body, continually recede from

* Thefleterms are derived from the Greek ;ithe
firft from the word dioptra, a perfpe&ive glafs ; the
fecond from Zatoptron, a mirror ; and the laft from
¢hromata, colours.

Yor. 1L B each




2 RATIONAL

each other, as the rays AB and AC
(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 CF, (Plate L. Fig. 1.) they are
faid to converge.

3. That point in which converging rays
all meet, is called their focus ; as the point
F, in the fame figure.

4. An optic angle is the fpace contained
between two linesdrawnfrom the extremi-
ties of any obje& to the eye. Thus AE B
or C E D (Plate I. Fig. 2.) are the optic
angles under which the obje&s A B and
C D appear to the eye at E.

GENERAL
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GENERAL APHORISMS;

1. The motion of light is not inftanta-
neous but progreflive®.

2. All rays of light naturally proceed in
right lines.

3. No object can be feen diftin@ly ata
lefs diftance than about eight inches.

4. To produce diftin& vifion, the rays
of light muft be parallel when they enter
the eye, and the obje& well illumined.

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

6. Wherever the rays that come from
all the points of an objeft, 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 is di=
ftant 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 neareft of the fixed ftars being
four hundred thoufand times greater than that of
the fun, the light muft be more than fix years in
coming from them to us.

B2 fo




4 ‘RATIONAL

fo many points, after they have been made
to converge by refraltion or refleGtion,
they will there form an image of that ob-
je& on any white body.

7. Every obje&t feen by refra@ion or
refle&tion, appears to be in that point from
whence its rays are laft refracted or refle-
ed to the eye.

8. The apparent magnitude of any ob-
je& is determined by the magnitude of
its optic angle: therefore the objetts A B
and CD, (Plate I. Fig. 2.) which are feen
under the fame angle, will appear of equal
magnitude.

Thefe, and every other aphorifm in this
part, are confirmed by all optical writers ;

and may be demonftrated geometrically :
but as we fuppofe our readers tohave no
other previous knowledge than that of
common arithmetic, it would be fuperflu-
ous to infert fuch demonfirations here.
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DIOPTRICS.

IOPT R ICS, as we have faid, ex-
plain the feveral appearances that
arife from the refraction of light.

D.EE. LN ET-I.QN.B.

1. When a ray of light pafling out 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 dire&ion, it is faid to
be refrated. Thus the ray AB, (Plate I.
Fig. 3.) by pafling out of air into the glafs
GH, is turned from its natural courfe in-
to that of CD.

2. Any fpherical tranfparent glafs that
converges or diverges the rays of light as
they pafs through it, is calleda lens.

3. Of lenfes there are five forts: 1. A
plane or fingle convex lens, which is plane
on one fide, and convex on the other,
as A (Plate 1. Fig. 4.) 2. A double con-
vex lens, as B. 3. A plano-concave lens,

B3 that
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that is plane on one fide and concave on
the other, as C. 4. A double concave, as
D. And, 5. A menifcus, which is convex
on one {ide and concave on the other, as E.

4. The point C, round which the fphe-
rical furface of a lens, as A Z (Plate I,
Fig. 4.) is defcribed, is called its center:
the line X Y, drawn from that center per-
pendicular to its two furfaces, is the axis ;
and the point V, to which the axis is
drawn, is the vertex of that lens.

5, When the rays of light that pafs
through a fingle or double convex lens are
brought into their {malleft compafs, that
point is the focus of the lens.

6. In optical inftruments that lens which
is next the obje& is called the obje&t-
glafs ; and that next theeye, the eye-glafs.
' . The diftance between the line A B
(Plate I. Fig. 3.) and the perpendicular
E B, is called the angle of incidence ; and
the diftance between the line CD and the
perpendicular BF, iscalled the angle of re-

fradtion,
APHOa.
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APHORIS MS.

1. A ray of light paffing obliquely out
of one medium into another that is denfer,
will be refracted toward the perpendicular,
as the ray AB (Plate I. Fig. 3.) by paffing
out of airinto glafs is refracted into C D,
toward the perpendicular BF, On the
contrary, a ray pafling out of a’denfer in-
to a rarer medium, will be refra&ed
from the perpendicular ; as the ray C.D,
pafling out of glafs into air; ;is refrated
into D L.

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 : whichbetween air and water will
be as 4 to 3; between air and glafs, as
3 to 2, nearly; and in other mediums in
proportion to their denfities.

3. When an objeé& is viewed through a
glafs whofe two furfaces are parallel, it
will appear of its natural dimenfions, its
fituation only being a {fmall matter altered

B4 in
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in proportion to the thicknefs of the glafs,
and the obliquity of the rays,

4. All the rays of light, whether di-
verging, parallel, or converging, that fall
on a fingle or double convex lens, will
meet in a focus behind the glafs : and the
diftance of that focus will be greateft in
diverging, and leaft in converging rays.

5. When parallel or 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@ is viewed through
two convex lenfes, its apparent length,
or diameter, will be to 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-
feQs of dioptric machines, as refracting
telefcopes, microfcopes, the camera ob-
feura, &ec.: For example, fuppofe A B
the abjed glafs, and G D the eye-glafs of
ates
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a telefeope, (Plate 11. Fig. 1.) and let them
be fo placed that the focus of each may
coincide in the point E. Suppofe OTto 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 O A,.and IB, proceeding from
the extremities of the obje&, and paffing
through the glafs AB, will meet and
interfe& each other in its focus E, and
pafs on to the eye glafs CD. But E being
alfo the focus of that glafs, thofe rays, by
pafling 1t, 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 E, that is, the focal length of the ob-
je@-glafs, to be 10 feet, or 120 inches,
and the diftance between E 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
obje&t will be to its real length as 120 to Y 7

or
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or as 40 to 1, that is, its length will be
magnified 4o times, and confequently its
furface, if it be a fquare, 1600 times.

It is evident, from the conftru&ion of
this telefcope, that the obje&t muft appear
to the eye inverted, but as it is principally
intended for viewing celeftial obje&s,
that circumftance is not much regarded.
But when it is applied to terreftrial views,
two other glafes are added. One of which,
as EF, (Plate 11. Fig. 2.) is placed at twice
its focal diftance from CD, and the other,
G H, at the fame diftance from that.
Now the rays being made to inter{fe& each
other again, as is evident from the figure,
the object will then appear i its natural

pofition.

Terreftrial telefcopes are fometimes made
with one obje-glafs and one concave eye-
glafs ; but as only a {mall part of an ob-
ject can be feen by thefe at one view, they
are of little ufe, except in near or large

objeés.

In
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In like manner fuppofe A BCDE F
(Plate 1. Fig. 3.) to be the tube of a refle&t-
ing telefcope, the end DE of whichis open:
let G H be a large concave metalline mir-
ror, perforated at». I, a fmaller mirror,
placed on the ftand K. Thefe mirrors are
to be fo difpofed that the focus of each
may fall on the point /. Now the image
of an obje&, as « 4, entering the tube a#
D E, will fall upon the mirror GH in
the points ¢ d, and being refleted from
thence to the focus £, the rays will there
interfeCt each other, and invert the image
at g b This image being alfo in the fo-
cus of the mirror I, after falling on it in
the points £/, will be refleted back in
parallel rays, which paffing through the
hole 7 in the great mirror, and falling on
the convex lens at B, will again crofs each
other in the focus of that glafs at s, which
being alfo the focus of the lensat A, it
will from thence be viewed by the eve at
L. The principal excellence of re
telefcopes arifes from the bright




12 RAITIONAE

the refle@ion, by which objeéts appear fo
diftin& that aneye-glafs of a much fmaller
focus can be ufed in them than in others.
The magnifying power in this, as in
other telefcopes, is as the focal diftance of
the objed-glafs or mirror, to the focal
diftance of the eye-glafs. But the latter
being {o much {maller in this telefcope,
#the magnifying power will be fo much
greater. Therefore, if the focal diftance
of the eye-glafs be once inch, and that of
the obje@-mirror 40 inches, the diameter
of the obje& will be magnified 40 times,
and its furface 1600 times. A refle@ing
telefeope of 4 feet will magnify more than
a refradtor of 5o feet.

Suppofe, again, AB (Flate 1I. Fig. 4.)
to be the objeét-glafs, and C D the eye-
glafs of a double microicgpe. The ob-
je@-glafs muft here be quite fmall and
very convex, and confequently its focal
diftance /7 f; very fhort. 'The diftance of
the fmall obje& g m b, muft be very little
2 more




Vorll pzz. PLATE. II.
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more than that of /f in order that its
image G H, may be formed at a confider-
able diftance, and confequently be much
en'arged. 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-
tintly by the naked eye, at a lefs diftance
than eight inches, therefore if by means
of the eye-glafs C D, the obje& is made to
appear diftin& at the diftance of one inch,
it will feem eight times as large. Sup-
pofing, therefore, the focal diftance of the
eye-glafs CD, to be once inch, and the
diftance K/ to be to /m as 10 to 1, then,
on both thefe accounts, the length of the
obje& will appear 8 times 10, or 8o times,
and its furface 6400 times, larger than
when feen by the naked eye.

RECRE-




14 RATIONAL

RECREATION L
Optical illufions.

ON the bottom of the veflel ABCD,
(Plate IIL Fig. 1.) place three piecesof
money, as a fhilling, a half-crown, and
crown ; the firft at E, the fecond at F,
and the laft at G. Then place a perfon
at H, where he can fee no farther into
the veflel than I: and tell him that by
pouring water into the veflel you will
make him fee three different pieces of
money ; bidding him obferve carefully
whether any money goes inwiththe 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 contrive to fix the pieces, that they may not
meve out of their plages by the motion of the
water,

From
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From what has been faid of the refrac-
tion of light, the caufe of this phenome-
non will be evident: for while the veffel
is empty, the ray H1I will naturally pro-
ceed in a ftraight line : but in proportion
as it becomes immerfed in water, it will be
neceflarily refracted into the feveral direc~
tions NE, OF, PG, and confequently
the feveral pieces muft become vifible.

RECREATION IL
Optical Augmentation.

TAKE a large drinking glafs of a coni-
cal figure, that is, fmall at bottom
and wide at top; in which put a fhilling,
and fill the glafs about half full with wa-
ter: then place a plate on the top of it,
and turn it quickly over, that the water
may not get out. You will then fee on the
plate, a piece of the fize of a half crown ;
and fomewhat higher up, another picce of
the fize of a fhilling.

This
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This phenomenon arifes from feeing the
piece through the conical furface of the
water at the fide of the glafs, and through
the flat furface at the top of the water, at
the fame time: for the conical {urface
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 fill of
its natural fize. That this is the caufe
will be farther evident by filling the glafs
with water, for as the fhilling cannot be
then feen from the top, the large piece
only will be vifible.

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

RECRE-
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RECREATION IIL
Optical fudtraciion.

GAINST the wainfcot of a room

fix three fmall pieces of paper, as
A, B, G, (PL IIL Fig. 2.) at the height
of your eye; and placing yourfelf di=
retly before them, at a few yards diftance,
fhut your righteye and look at them with
the left; when you will fee only two of
thofe papers, fuppofe A and B; but altering
the pofition of your eye you will then fee
the third and one of the firft, fuppofe A ;
and by altering your pofition a fecond
time, you will fee B and C; but never all
three of them together.

The caufe of this phenomenon is, that
one of the three pencils of rays that come
from thefe objeds, falls on the optic nerve
at D; whercas to produce diftin& vifion
it is neceflary that the rays of light fall on
fome part of the retina E, F, G, H. We

Neor 1L G fee
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We fee by this experiment, one of the

ufes ‘of having two eyes; for he that

has one only, can never fee three objeéts

placed in this poutmn, nor all the parts
-

of one objet of the fame extent, without

altering the fituation of his eye.

RECREATION XI

P,

ITH a convex lens of about an
inch focus, look attentively at a

r feal, on which ‘a cypher is eng oraved.

as to the

ue toobferve
it fome time, Withcut changing your fitua-

I

and-the

tion, it will feem to be inre

lig

+ 4 B BT SWARSULY |
ghts and fhades will a

ar the fame as

i
i

they did before. If you regard it with

the fame attention ftill longer, it will

again appear to be engraved: and i fo orw

1

alternately.

If you look off the feal for a few

moments, when you view it again, in-
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ftead of feeing it, as at firft, engraved, it
will appear in relief.

If, while you are turned toward the
light, you fuddenly incline the feal, while
you continue to regard it, thofe parts that
feemed to be engraved will immediately
appear in relief: and .if, when you are
regarding thefe feeming prominent parts,
you turn yourfelf fo that the light may
fall on the right hand, you will fee the
fhadows on the fame fide from whence
the light comes, which will ap ppear not a
little extrao rdinary. In like thanner the
thadows will appear on the left, if the
light fall on that fide. If inflead of a
feal, you look at a piece of money, thefe
alterations will not be vifible, in whatever

htu“txon yourt place VOUI(“IL

* It has been fufpe@ed that this illufion arifes
from the fituation of thLnghL; and in fad I have
obferved, (fays M, Guyot, from whom this ar-
ticle is taken) that when I have viewed it with a
candle on the right, it has appeared engraved, but

C2 by
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RECREATIFON N

The camera obfeura, or dark cbamber.

V' E fhall here give a fhort defcription

of this optical invention; for though
it is very common, it is alfo very pleafing,
and though almoft every one has feen it,

every one knows not how to conftruct it.

by changing the light to the left fide, it has im-
mediately appeared in relief. It fill, 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 difcernible by all
perfons.

A phencmenon like this will gppear to a fuper—
ficial obferver a very trifling matter : but the phi-
lofopher, who is defirous of explaining all the

pearances of nature, will find it attended witlr
no mﬁmg difficulties, It is, moreover, by. in-
veftigating the caufes of phenomena feemingly

infienificant, that the moft important difcoveries

s made.

6 : Make

are fometir
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Make a circular hole in the fhuttter of a
window, from whence there is a profpect
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*. Take
care that no light enter the room but by
this glafs : at a diftance from it, equal to
that of its focus, place a pafteboard, co-
vered with the whiteft paper T; 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 focal
diftance of the glafs. Then fix iton a

* The diftance fhould not be lefs than three
feet 3 for if it be, the images will be too fmall, and
there will not be fufficient room for the fpelators
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.

t This paper fhould have a black border, to
prevent any of the fide rays from difturbing the
pifure,

C3 frame
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frame of the fame figure, and put it on
a moveab'e foot, that it may be eafily fixed
at that exa diftance from the glafs where
the objecs paint themfelves to the greateft
perfe@tion. When it is thus placed, all
the obje&@s that are in the front of the
window will be painted on the paper, in an
erted pofition™, with the greateft regu-

ity and in the moft natural colours,

inv
lar
If you place a moye able mirror without

the window, by turning it more or lefs,

ris inverted pofition of

% Thi

he images may be

deemed ‘an imperfe@ion, but it is eaflily reme~
l b

died : for if you ftand above the board on which

they are received, and look down on it, they

ral po

a common mirror again{t

will ar in their nat tion: or-if you

ftand before it, and placing

your breat in an oblique direction, look down

in it, you will there fee the images ere&, and they

1

receive an add 2] luftre from the refleion

of the glafs ; or place two lenfes, in a tube that
draws out ; or, laftly, if you place a large concave
mirror at a proper diftance before the picture, it

will appear before the mirror, in the air, and inan

erect pofition,

you
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you will have on the paper all the ol bje&ts

that are on each fide of the window™,

If intead of placing the mirror without
the window you place it in the room, and
above the hole (which muit then be made
near the top of the fhutter), you may re-
ceive the reprefentation on a paper placed
horizontally on a table ; and draw at your

leifure, all the objes that are there
painted.

Nothing can be more pleafing than this
Recreation, efpecially when the obje&s
re ftrongly enlightened by the fun : and

* There is another method of making the dark
chamber, which is by a fcioptric ball, that i 1552
ball of wood, through which a hole is made, in
which hole a lens is fixed : this ball is placed in a
wooden frame, in which it turns freely round. The
frame is fixed to the hole in the thutter, and the
‘l""] by turning about, an{wers, in great part, the
ufe of the mirror on the outfide of the wirdow, If
the hole in the window be no bigger than a pea, the

objects will be reprefented without any lens,

C4 not
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not only land profpeés, but a fea-port,
when the water is fomewhat agitated, or
at the fetting of the fun, prefents a very

delightful appearance,

This reprefentation affords the moft
perfe@ model for painters, as well for the
tone of colours, as that degradation of
fhades, occafion by the interpofition of
the air, which has been fo juftly ex prefled

by fome modern painters.

It is neceffary that the paper have a cir-
cular form, for otherwife, when the center
of it was in the focus of the glafs, the two
f:des 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-
prcfcntntion would be ftill more accurate,
1f the objeét without be at the diftance of
twice the focal length of the glafs, the
image in the room will be of the fame

magnitude with the objeét.

The
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The lights, fhades, and colours inthe ca-
mera obfcura appear not only juft, but, by
the images being reduced to a {maller
compafs, much ftronger than in nature:
add to this, that thefe piGures exceed all
others by reprefenting the motion of the
feveral obje@ts: thus we fee the animals
walk, run, or fly, theclouds float in the
air, the leaves quiver, the waves roll, &c.
and all in firi& conformity to the laws of
nature. The beft fituation for a dark
chamber is direétly north, and the beft
time of the day is noon.

RECREATION: VI
To fhew the fpots on the fun's difk, by its

image in the camera obfeura.

P U T the obje-glafs of a ten or twelve
foot telefcope into the fcioptric ball,
and turn it about till it be dire&ly oppo-
fite the fun*, Then place the pafteboard,
mention-

* When the fun is dire@ly oppofite the hole,
the lens will itfelf be fufficient : or by means of

the
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mentioned in the laft Recreation, in the
focus of the lens, and you will feea clear
bright image of the fun, of about an inch
diameter, in which the fpots on the fun’s
furface will be exa&ly defcribed.

As this image is too bright tobe feen
with pleafure by the naked eye, you may
view it through a lens whofe focus is
6 or 8 inches diftant, which at the fame
time that it prevents the light from being
offenfive, will, by magnifying both the
image and the fpots, make them appear to

greater advantage.

the mirror on the outfide of the window, as in the
fifth Recreation, the lens will anfwer the purpofe

at any time,



RECREATIONS. . 27

RECREATION VIL

To magnify fmall objets by means of the
Jun's rays let into a dark chamber,

LE T the rays of light that pafs through
the lens in the fhutter be thrown ona
large concave mirror, properly fixed in a
frame. Then take a {lip, or thin plate of
glafs, and fticking any {mall obje& on it,
hold it in the incident rays, at'alittle more
than the focal diftance from the mirror,
and you will fee, on the oppofite wall, a-
midft the refleCted rays, the image of that
objedt, very large, and extremely clear
and bright. This experiment never fails
to give the fpeftator the higheft fatis-
falion.

RECRE-
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RECREATION VIIL
The portable camera 5/;/Z'zm7..

#7HE great pleafure produced by the ca-

-l mera obfcura in the common form,
has excited feveral to render it more uni-
verfally ufeful by makingit portable; ealily
fixed on any {pot, and adapted to'every
profpe@. 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 befoundin others*.

Let ABCD (Pl. 111 Fig. 3.) bea frame
of wood, of two feetlong 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 appearsto 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 joint
aleg, 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 f.

To that juft defcribed, there muft be
added a fmaller box M, in which muft be
an inclined mirror N, and in one of its
fides a moveable tube O, five or fix inches
long. This tube muft be furnithed with
a convex glafs, the focus of which, by the
refle@ion of the mirror, muft reach the
glafs E in the frame.

* If the upper fide of the glafs were convex, it
would be ftill better.

+ The infideof the box may belined with black
cloth, to make it as dark as pofiible,

There
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Theré 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 curtain to be drawn
up, and which you are to let down over
you, when you place yourfelf under it;
that nolight may enter. The three other
fides thould hang down fome inches over
the frame.

This camerais, indeed, fomething more
cumberfome than thofe that have been hi-
thertoinvented ; and yet, 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 objeés paint them-
fclves 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




RECREATIONS: 3
‘When: you have placed the frame on a
fpot a little 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
obje&s there reprefented, and if you think
fit, you may alfo mark the extent of the
thadows. If you want only the outlines,
you may lay a thin plate of glafs on that
in the frame, and trace the firokes with a
pencil and carmine. After which you
muft dip a fheet 'of paper in water, with=
out making it too wet, and fpreading it
lightly over that glafs, you will have the
impreflion of the defign there drawn.

Note, By each of thefe methods you will
have the obje&s either in their natural po-
fition, or reverfed ; which will be an ad-
vantage whenthe defign is to be engraved,
and you will have it then appear in the
natural pofition,
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In ufing this machine, you fhould make
choice of thofe obje&s 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.

= H [ Sveryremarkable machine, which

is now known over all the world,
caufed great aftonifhment at its origin.
It is ftill beheld with pleafing admiration,
and the fpeQator very frequently contents
himfelf with wondering at its effects, with-
out endeavouring to inveftigate their caufe.
The invention of this ingenious illufion is
attributed to the celebrated P.Kircher,who
has publifhed, on various fciences, works
equally learned, curious, and entertain~

ing.
The
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‘The defign:of thlS machine is to repre=
fent at large, on a cloth or board, placed
in the dark, the images of fmall objects,
painted. .with tranfparevt colours on plates
of glafs;

Its conftru®ion is as follows.  Let
ABCD (PLIIL Fig. 4.) be a tin box, eight
inches high, ten long, and fix wide (orany
othér fimilar dimenfions.) At the top
muft be a funnel E, of four inches in
diameter, with a cover F, Which, at the
fame time that it gives a paffage to the
fmoke, prevents the light from coming
out of the box.

On the fide A C there is a doot, by which
is adjufted a concave mirror G , of metal
or tiny and of five inches diameter ; being
part of a fphere whofe diameter is elghteen
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, 11, D the
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the tin tube I, which is foldered to the
door.

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

In the fide BD, and oppolfite 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 conves
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 piGure thrown upon the cloth may have
the fame form, which is much preferable toa cir-
cular aperture, through which the figures can
never be completely feen but when they are at the
center of theglafs. It is furprifing that this im-
perfe&tion has been fuffered to continue fo long,
when it is fo eafily rémedied.

.

placed
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placed both in its focus, and in that of the
' concave mirror.

On the fame fide is to be placed a piece
of tin M N, of four inches and a half
fquare, -having an opening at the fides of
about four inches and an haif high, and a
quarter of an inch wide. Through this
opening or groave are to pafs the glaffes,
on which are, painted the figures that are
to be feen on the cloth. In 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, {ix inches long, and m.ove-
able, muft enter that juft mentioned, in
which muft be placed two convex lenfes,
P and'Q; that of P may have a focus of
about threc inches, and that of Q, which is
to be placed at the extremity of the tube,
one of ten ortwclve inches. The diftance

D2 between
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between thefe glaffes is to be regulated by
their foci. Between thefe glaffes there muft
be placed a pafteboard R, in which is an
aperture of an inch wide, and 4-5thsofan
inch high. By placing this tube farther
in or out of the other, the images on the
cloth will appear larger or fmaller.

From what has been faid of the preced-
ng machines, the conftruétion of this will
be eafily underftood. The foci of the con-
cave mirror, and the lens L, meeting in
the flame of the lamp, they together throw
a ftrong light on the figures painted on
the glaffes that pafs through the groove
MN, and by that means render their co-
lours diftin& on the cloth. The rays from
thofe glaffes paffing through the lens P
are colleted by the aperture in the pafte-
board R, and conveyed to the lens Q, by
which they are thrown on the cloth.

The lantern being thus adjufted, you
muft provide plates of clear glafs, of twelve
. or
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or fifteen inches long, and three inches
wide, which are to be placed in thinframes,
that they may pafs freely through the
groove MN, after being painted in the
manner we fhall now defcribe.

Method of painting the glaffes for the

lantern.

Draw on a paper the fubje& you in-
tend to paint, and fix it at each end to
the glafs. Provide a varnith 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 poflible, you fhould draw fome of the
outlines in their proper colours, provided
they are the ftrongeft tints of thofe colours
that are ufed. When the outlines are
dry, you colour the figures with their pro-‘
per tints or degradations; andthofe colours
will not peel off, if you temper them with a

D3 ftrong
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firong white varnith*, You are then to
fhade them with black mixed with the
fame varnith, or with biftre, as you find
convenient. You rhay alfo leave ftrong
lights in fome parts, without any colours,
in order to produce a more ftriking effeét,
Obferve, in particular, not to ufe more
than four or five colours, fuch as blue, red,
green, and yellow. You fhould employ
however a great variety of tints, to give
your painting a more natural air, without
which they will reprefent vulgar objeés,
which are by no means 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 the glafs
appear bright and well defined, the fpecs
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 adyantape, when tempered with 3
proper varnifh. :

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

This piece of optics may 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 glaffes, and
pafling them at the fame time through
the groove, as will be feen in the next
Recreation.

* 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,

Dy RE-
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RECREATION X.
To reprefent a tempeft by the magic lantern,

PROVIDE two plates of glafs, whofe
&L framesare fo thin thatthey may both
pafs freely through the groove of the lan=
tern at the fame time.

~ On one of thefe glaffes you are to paint
the appearance of the fea, from the flighteft
agitation to the moft violent commotion.,
Reprefenting from A to B (PL.IV. Fig. 1.)
3 calm; from B to C a {fmall agitation, with
fome clouds; and fo on to F and G, which
fhould exhibit a furious ftorm. Obferve,
that thefe reprefentations are not to be
diftin&, but run into each other, that they
may form a natural gradation: remember
alfo, that great part of the effect depends
on the perfe@ion of the painting, and the
Pi&urefque appearance of the dcﬁgn_t

On the other glafs (Fig. 2.) you are tQ
paint veflels of different forms and dimen~
ﬁonﬁa
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fions, and in different directions, together
with the appearance of clouds in the tem-
peftuous parts.

You are then to pafs the glafs (Fig. 1)
flowly through the groove, and when you
come to that part where the ftorm begins,
you are to move the glafs gently up and
down, which will give it the appearance
ofa fea that begins to be agitated; and fo
increafe the motion till you come to the
height of the ftorm, At the fame time
you are to introduce the other glafs with
the fhips, ‘and moving that in likc man-
ner, you will have a natural reprefenta-
tion of the fea. and of thips in a calm and
in a lorm. Asyou draw the glaffes flow-
ly back, the tempeft will feem to fubfide,
the {ky grow clear, and the fhips glide
gently over the waves.

This effe@ of the magic lantern muft
certainly afford more pleafure and fur-
prize, than to fee figures, frequently badly
! painted,
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painted, appear one after the other inthe
midft of a luminous circle, as in a medals
whofe form, befides being difguftful, pre~
vents you from feeing any two figures, to-
gether, without the head and legs of one
of them being entirely hid: ap inconwenix
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 feafight,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 machine iscapable of producing much
more remarkable effe@s than have been
hithertoexhibited.

RECRE-
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RECREATION XI
The nebulous magic lantern.

HE light of the magic lantern, and

the colour of images, may not only

be painted on a cloth, but alfo refle@ed by
2 cloud of fmoke.

Provide a box of wood or pafteboard
A B (PL 1V. Fig. 3.) of about four feet
high, and of feven or eight inches {quare
at bottom, but diminithing as it afcends,
fo that its aperture at top is but fix inches
long, and half an inch wide. At the bot-
tom of this box there muft be a door that
thuts quite clofe, by which you are to place
in thebox achafing-difh with hot coals, on
which is to be thrown incenfe, whofe
{moke goes out ina cloud at the top of the
box. It is on this cloud that you are to
throw the light that comes out of the
lantern, and which youbring into a 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 at all change the figures, which appear
fo confpicuous that the fpectator thinks he
can grafp them with his hand.

Note, In this experiment fome of the
rays paffing through the fmoke the repre-
fentation will be much lefs vivid than on
the cloth; and if care be not taken to re-
duce the light to its fmalleft focus, it will
be ftill more imperfe&. v

RECREATION - XIL

o produce the appearance of a phantom, up-
on a pedeflal placed on the middle of a
table.

E N CL O S E a common fmall magic
%~ lantern in a box A BC D (Plate
1V. Fig. 4.) that is large enough to
contain alfo an inclined mirror M, which
muft be moveable, that it may refle&t 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
thould 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, tolet
out the fmoke ; and over that part muft be
placed a chafing-dith of an oblong figure,
and large enough to hold feveral lighted

coals*®.

There muft alfo be a glafs that will a«
{cend and defcend at pleafure in the vertical
groove 2 b. To his glafs let therebe fixed

* This chafingdifh 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
lamp to pafs out, :

2 eord
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a'cord, that, going over a pulley ¢, pafles
out of the box at the fide C D, by which
the glafs tmay be drawn up, and will de=
fcend by its own weight,

On this glafs may be painted a {fpecre,
ot ‘any 'other more pleafing figure. Ob-
ferve that the figures muft be contradted 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 in a proper di-
reftion, you place the box or pedeftal
ABCD on a table, and putting the chafing-
dith in it, throw fome incenfe in powder
on thecoals. You then open a trap doory
and let down the glafs flowly; and when
"you perceive the fmoke diminifh 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-

2 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
whenyou exhibit this Recreationyou muft
put outall the lights in the room ; and the
box fhould be placed on a high table, that
the {pe@ators ‘may not perceive the aper-
tiire by which ‘the light comes out. Tho'
we have mentioned a {mall magic lantern,
yet the whole apparatus may be {o en-
larged, that the phantom may appear of a
formidable fize.

By havingglaffes 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, andbythatmeans pretend to make
the image rifc out of the athes ; with many
other devices that every one may contrive
of that kind which fhall pleafe him beft.

RECRE-




48 RATIONAL
RECREATION XIIL

The magical theatre.

BY making f{ome few additions to the

magic lantern with the fquare tube®y
ufed in the ninth Recreation, various fcenes;
charaters, and decorations of a theatre
may be lively reprefented.

Let therebe made a woodenbox ABCD
(Plate IV. Fig. 5.} a foot and a half long,
fifteen inches high, and ten wide. ~ Let it
be placed on a ftand E F, that mult go
round it, and by which it may be fixed
‘with two fcrews to a table. Place over it
a tin cover, as in the common lantern.

Make an openingin its' two narroweft
fides; in one of which place the tube H,

# It is quite neceflary to make the lantern much
larger than common, that the objects painted on
the glafles, being of a larger fize, may be repre-
fented with greater precifion, and confequently
their feveral chara&ers more ftrongly marked.
and
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and in the other the tube I ; let each of
them be f{ix inches wide, and five inches
high ; in each of thefe tubes placeanother
that is moveable, in order to bring the
glafles, 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 glaflesand mirror: this lamp flisuld
have five or fix lights, each of them about
an inch long.

At the beginningof the tube H, toward
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.

The opening made laterally muft have
three or four grooves, the fecond two, and
Vor. 1L E the
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the third one : that different fubje&ts of
figures and decorations may be pafled,
either fideways, afcending, or defcending,
{o that the fcenes of a theatre may be
the more exa@ly imitated*. Enclofe thefe
grooves between two convex reQangular
glaffes, of fix inches long, and five inches
high,and of abouttwenty inches focus; one
of which mufibe placed atO, andtheother
toward P. Have another tube Q. of
about a foot long, which muft enter
that marked H; and atits outward extre-
mity place a lens of about fifteen inches

focus.

There muft alfo be a third tube R, four
inches long, which is to enter that mark-
edI: to the exterior end of this adjuft a
concave mirror, whofe focus muft be at
feven or eight inches from its refleCting

furface.

% In the decorations, the clouds and the pa-
laces of the Gods {hould defcend 5 caves and o~
fernal palaces fhould afcend ; earthly palaces, gar=
dens, &c, enter at the fides.

This
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This magic lantern being thus- adjuft-
ed, nothing more is neceffary than to pro-
vide glafles, painted with fuch fubjeés as
you would reprefent, according to the
grooves they are to enter. The lamp is
then to be lighted, and placing a glafs in

dble tubes till the obje& painits 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
poflible.

It is on this paper that aré to bé exhi-
bited the images of all thofe obje@s, that
by pafling fucceffively through the groves,
are to reprefent a theatric entertainment.
This exhibition will be the more agree-
able, as the magic lantern being conceal-
ed behind the partition, the caufe of the

=

E 2 illufior
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illufion cannot by any means be difco-

vered.

In order to fhow more clearly in what
manner a fubje@ of this fort thould be
painted, and the glaffes difpofed, we will
here make choice of the fiege of Troy for
a theatric fubjec ; in which will be found
all the incidents neceffary to the exhibi-
tion of any other fubject whatever.

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 farther diftance, the fea and the
ifle of Tenedos. We will fuppofe the
time to be that when the Greeks feigned
to raife the fiege, and embarked, leaving
behind them the wooden horfe, in which
were contained the Grecian foldiers.

On a glafs, therefore, of the fame width
with the aperture made in the fide A C of
the box, you are to paint a deep blue cur-
tain,
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tain, lightly charged with ornaments,
quite tranfparent. This glafs is to be
placed in the firfl verticle groove, fo that
by letting it gently down*, its image may
appear to rife in the fame man ner as the

curtain of atheatre,

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 fubject. You may

paint.

On the firft, the walls of Troy.

On the fecond, the Grecian camp.

On the third, the fea, theifle of Tene-
dos, and a ferene 1ky.

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

On the fifth, other troops, difpofed in
battalions, and placed at a diftance,

* All the glafles that are to rife and defcend
muft be bordered with thin pieces of wood, and fo
exa@lly fill the grooyes, that they may not flide
down of themfelves.

Ta On
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On the fixth, divers veflels, which as
the glafs advances in the groove diminifh
in fize.

On the feventh the wooden horfe and

Sinon.
On the eighth, Trojan men and wo-

men.

Thefe glafles being properly painted*‘,
you place in the horizontal grooves the
firlt, fecond, third, and fourth. Then
draw up the curtain, by letting down the
glafs on which it is painted, and draw a-

. way gently the fourth glafs, and after
that the fecond ; then advance, very gent-
ly, the fifth, that reprefents the em-
barkment, and pafs it quite through.
Next pafs, the oppofite way, the fixth,
which reprefents the Grecian fleet. The
objes painted on the fourth, fifth, and
fixth quite difappearing, you are to ad-
vance the feventh, on which is painted the

* Unlefs you can procure glaffes well painted,
it were better to reprefent fome comic fubject,

awhere common paintings may fuffice,

wooden
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wooden horfe, and at the fame time the
eighth, where the Trojans will appear to
draw the horfe into the city. The cur-
tain is then to be let down. that you may
withdraw the fcenes of the firft a&, and
place in the grooves thofe that are to com-
pofe the fecond.

In the fecond aét may be reprefented
the interior part of the city of Troy: ‘on
one {ide may be feen the wooden horfe,
and in the back part the temple of Pallas.
The glafles for this act may be painted in
the following manner.

On the firft, may be palaces and houfes,
reprefenting the infide of a city.

On the fecond, the temple of Pallas
in the centre, with a clear night and the
moon. In the front may be feen the
wooden horfe, that the Trojans have placed
near the temple of Pallas.

On the third, a troop of Greeks, with
Sinon at their head, who are going to

E4 open
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open the gates of the cityto the Gre-
cians.

On the fourth, different troops of arm-
ed Greeks ; painted on a long glafs, to
afford variety.

On the fifth, feveral troops of Trojans.

On the fixth, various appearances of
fire and {fmoke, fo difpofed, that this glafs
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 place the firft and fecond glaffes.
You then pafs the whole third glafs flowly ;
a little after, the fourth, on which are
painted the different bodies of armed
Greeks, and at the fame time, from the
oppofite fide, the fixth glafs, that re-
prefents the Trojan troops; oblerving to
move them flowly bothin advancing and
retreating, to imitate a combat®*. Then

* He that moves the glaffes, feeing the effeét
they produce, is the better able to render the re-
prefentation as natural as poffible,
; draw
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draw up, by degrees, the fixth, on which
are painted the fire, flame, and {moke, fo
that the palaces and houfes painted on the
firt glafs, may appear to take fire gra-
dually, and at laft prefent a general confla-
gration. After having reprefented thefe
incidents with the greateft attention, you
let fall the curtain to prepare for the
third a&.

In the third a& may be reprefented the
infide of Priam’s palace, where is feen an
altar,round which feveral Trojan princefles
appear, who have fled thither for fafety.

On the firft glafs may be painted the
palace.

On the fecond, aview of the 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 aCtors, with the
palace in flames,

On
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On the fixth, A conflagration.

The two firft glaffes which are to be
drawn up, fhould be placed before you
raife the curtain. Then pafs the third;
next advance the fourth, which being
drawn up, difcovers on the fifth the palace
in flames, then drawing up the fixth, let
down the firft, that the palace may
appear entirely deftroyed by ‘the con-

flagration.

The fourth a& may reprefent the en-
virons of Troy, with a diftant profpet of
the fea. The firft and third glaffes of the
firft a& may be here ufed, to which may
be added a third, reprefenting Eneas bear-
ing his father Anchifes, followed by his
fon Tulus, and fome Trojans. With this
glafs may be reprefented the flight of the
Trojans, and the embarkment of Eneas,
with another glafs, on which are painted

certain veflels.

To this a& the following {cenes may be
added. The cave of Zolus; the back
4 part
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part of the cave; Lolus ;  the winds’;

n
O

_juvo in her chariot.

The fifth a& fhould reprefent the open
fea, with the fleet of Enecas failing for
- Italy.

On the firlt glafs muft be painted the
fea, as in the tenth Recreation, or elfe
the waves fhould be imitated by another
glafs under the firft.

On the fecond, The Trojan tleet.

On the third, Neptune in his car.

On the fourth, the palace of Jupiter.

On the fifth, the infide of the palace;
the Gods affembled in council, with Ve-
nus, obtaining leave of Jupiter for Eneas
to land in Italy.

After having placed the firft glafs, that
reprefents a calm fea, the curtain is raifed,
and the fecond fcene is advanced, which
contains the Trojan fleet. The firft is
then brought forward, to reprefent a vio-

lent
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lent tempeft: then raifing the third glafs,
Neptune appears, who commands the
‘ waves to be ftill, which is done by mak-
ing the tempeft fubfide by degrees. The
| If fleet then advances, and pafles over the
if' whole theatre : prefently after the fourth
| | and ffth fcenes defcend, that reprefent
Olympus, and finifh the exhibition.

V Note. We muft here repeat, that if you
l would reprefent a fubje& of this fort to
‘ advantage, it is quite neceffary that the
glaffes be well painted : and thofe that are
to be in front, thould be in ftronger and
more opaque colours, that the images
of thofe behind may not appear mixed
i 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.

The
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The larger thefe {ubjecs are reprefent-
ed the better effet they will have: the
front of the theatre fhould appear to be
about three feet wide: and, as we have
faid elfewhere, if fome parts of the figures
were moveable it would ftill add to the
variety of the entertainment.

This and moft of the other Recreations
we have here given in the two firft parts
of Optics, appear to have been invented by
M. Guyot, who has taken no fmall pains
in the improvement of this fort of re-

creations.

CATOP-




RATIONAL

CRA SSOCIRITR ] 9056
ATOPTRICS is that part of optics

which explains the properties of re-
fle&ted light, and particularly that which
is refleGted from mirrors:
DEFIRTTIONGE:

1. Every polithed body that reflects
the rays of light is called a mirror, whe-
ther its furface be plane, {pherical, coni-
cal, cylindric, or of any other form
whatever.

2. Of mirrors there are thiee principal-
ly ufed in optical experiments, which are;
the plane mirror, GHI, (Plate V. Fig 1.)
the {pherical convex mirtor, GHI, (Plate
V. Fig.2.) and the {pherical concave mir-=
ror, GHI, (Plate V. Fig. 3.)

3« The point K, (Plate V. Fig. 2 and 3.)
round which the refleQing furface of a
fpherical mirror is defcribed, is called its

centre. The line KH, drawn from its
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center perpendicular to its two furfaces,
is the axis of the mirror, and the point
H, to which that line is drawn, is its
vertex.

4. The diftance bbtx reen the lines AG
and BG, (Plate V. Fig. 1.) is called the
angle of incidence, and the diftance be-
tween B G and C G is the angle of
refletion.

AP H O R.IS:M:S,
I. In a Plane Mirror.

1. The image DF, (Plate V. Fig. 1.)
will appear as far behind the mirror, as
the object AC is before it.

2. The image will appear of the fame
fize, and in the fame “pofition as the
obje&.

3. Every fuch mirror will refle& the
image of an object of twice its own length
and breadth.

4. If the objec be an opaque body, and
its rays fall on the mirror nearly in dire&t ;
lines, there will be only one image vifible,

which
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which will be reflected by the inner furface
of the glafs. But

5. If the object be 2 luminous body, and
its rays fall very obliquely on the mirror,
there will appear to an eye placed in a pro-
per pofition, feveral images; the firft of
which, reflected from the outer furface of
the glafs, will notbe fobright as the fecorid,
refle@ed from the inner furface. The fol-
lowing images, that are produced by
repeated refletions of the rays between
the two furfaces of the glafs, will be in
proportion lefs vivid, to the eighth or
tenth, which will be {carce vifible.

II.Ina Spherical Convex Mirror.

1. The image DF, (Plate V. Fig. 2.)
will always appear behind it.

2. The image will be in the fame
pofition as the object.

3. Tt will be lefs than the obje&.

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

5. Parallel rays falling on this mirror

will have the focus or image at half the
diftance
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diftance of the center K, from the mirror,

6. In converging rays, the diftance of
the obje&t muft be equal to half the di~
flance of the center, to make the image
appear behind the mirror.

7. Diverging rays will have their image
at lefs than half the diflance of the center.
If the obje& be placed in the center of the
mirror, its image will appear at one-eighth
of that diftance behind it,

IIL In a Spherical Concave Mirror.

1. That point where the image appears
of the fame dimenfions as the obje&, isthe
center of that mirror.

2. Parallel rays will have their focus at
one half the diftance of the center.

3. Converging rays will form an image
before the mirror,

4. In diverging rays, if the obje be at
lefs than one half the diftance of the cen-
ter, the image will be behind the mirror,
erec, curved, and magnified, as D E F
(Plate V. Fig. 3.) butif the diftance of the

obje& be greater, the image will be before
vor, It F the
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the mirror, inverted and diminifhed, as
DEF, (Plate V. Fig. 1.)

5. The fun’s rays falling on a comcave
mirror, and being parallel, will be col-
le&ted in a focus at half the diftance of its
center, where their heat will be augment-
ed in proportion of the furface of the
mirror to that of the focal {pot.

6. If a luminous body be placed
the focus of a concave mirror, its rays
being refle@ed in parallel lines, will
firongly enlighten a fpace of the fame di-
menfion with the mirror, at a great di-
flance. If the luminous obje& be placed
nearer than the focus, its rays will di-
verge, and confequently enlighten a lar-
ger {pace™.

IV. Inall plane and fpherical mirrors the

angle of incidence is equal to the angle of
refleion .

# It is on this principle that reverberators are
conftruéied,

+ This aphorifm holds true of cylindric mirrors
alfo, and of thofe whofc furfaces are eliptical,
parabolicy &c,

RECRE-
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RECREATION XIV.
The boundlefs gallery:
fNONSTRUCT a box AB, (Plate VI.
Fig. 1.) of about a foot long, eight
inches wide, and {ix high; or what other
dimenfion you fhall think fit, provided

it does not greatly vary from théfe pro=
portions.

On the infide of this box, and againft
each of its oppofite ends A and B, place
a mirror of the fame fize. Take off the
quickfilver from the mirror that yoii place
at B, for about an inch and an Half, at the
part C, where you are to make a hole in
the box of the fame fize, by which you
may eafily view itsinfide. Cover the top
of the box with a frame, in which muft
be placed a tranfparent glafs, covered with
gauze, on the fide next the inner part of
the box. Let thiere be two grooves at the
parts E and F to receive the two painted
{cenes hereafter mentioned. On two pieces

Fa of
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of cut pafteboard let there be fkilfully
painted, on both fides (fee Fig. 2. and 3+}
any fubje@ you think proper ; as woods,
gardens, bowers, colonades, &c. and on
two other pafteboards, the fame fubje&s on
one fide only; obferving that there ought
to be on one of them fome object relative
to the fubjec placed at A, that the mirror

placed on D may not reflet the hole at C
on the oppofite fide.

Place the two boards painted on both
fides (Fig. 2. and 3.) in the grooves E
and F ; and thofe that are painted on one
fide only, againft the oppofite mirrors C
and D; and then cover the box with its
tranfparent top. This box fhould be

placed in a ftrong light to have a good
effect.

When the eye is placed at C, and views |
the objets on the infide of the box; of
which fome, as we have faid, are painted
on both fides, they are fucceflively refle&-
ed from one mirror to the other; and if,

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
cach of the mirrors repeating the objeéts,
continually more faintly, contribute great-
ly to augment the illufion.

RECREATION XV.

The four magical mirrors.

T‘AKE a {quare box ABCD, (Plate VI.

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
s324 41

Place certain obje@s in 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 fubjed

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

Fj3 that
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that you judge will produce an agreeable
effe by its difpofition, when repeatedly
refle@ed by the mirrors.

On the top of this box place a frame of
glafs, in form of the bottom part of a py-
ramid, whofe bafe A G EB, is equal to
the fize of the box : its top ILMN, muft
form a fquare of fix inches, and fhould
not be more 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 g_lafs,

When you look into this box through
the glafs ILMN, the mirrors that are
diametrically oppofite each other, mu-
tually refleting the figures enclofed, the
eye;beholds a boundlefs extent, complete-
1y covered with thefe obje&s ; and if they
are properly difpofed, as in the example
here given, in Fig. 5. the illufion will
=i 4 occafion
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occafion no {mall furprize, and afford great
entertainment.

Note, The nearer the opening ILMN
is to the top of the box, the greater will
be the apparent extent of the fubjed.
The fame will happen if the four mirrors
placed on the fides of the box be more
elevated. 'The obje&s, 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,
5,75 Gy -&C..= 28 15/ Very _edfy to:con=
ceive, if we remember that the fubje@
enclofed in the box is always in the cen-
ter of a fquare, compofed of feveral others,
equal to that which forms the bottom of
the box.

Other pieces of the fame kind (that is
viewed from above] may be contrived,
in which mirrors may be placed perpen-
dicular on a triangular, pentagon, or

Fy4 : hexagon,
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hexagon (that is, a three, five, or fix-fided)
plane. All thefe different difpofitions,
properly directed, as well with regard to
the choice as pofition of the objects, will
conftantly produce very remarkable and
pleafing illufions.

If inftead of placing the mirrors per-
pendicular, they were to incline equally,
{o as to form part of a reverfed pyramid,
the fubje& placed in the box would then
have the appearance of a very extenfive
globular or many-fided figure,

RECREATION XVI
The enchanted palace.

N the hexagonal or fix-fided plane
ABCDEF (PLVIL Fig. 1.) draw fix
femi-diameters GA, GB, GC,GD, GE,
GF, and on each of thele place, perpen-
dicularly, two plane mirrors, which muft
join
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join exadtly at the center G¥. Decorate
the exterior boundary of this piece (which
is at the extremity of the angles of the
hexagon) with fix columns, that at the
fame time ferve to {fupport the mirrors, by
grooves formed on their inner fides. (See
the profile, Fig. 1.) Add to thefe columns
their entablatures, and cover the edifice in
fuch manner as you fhall think proper.

In each one of thefe fix triangular
fpaces, contained between two mirrors,
place little figures of pafteboard, in relief,
reprefenting fuch obje@s as when feen in
an hexagonal form will produce an agree-
able effet. To thefe add fmall figures of
enamel ; and take particular care to con-
ceal, by fome obje& that has relation to
the fubje, the place where the mirrors
join, which, as we have faid before, all
meet in the common center G.

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

When
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‘When you look into any one of the
fix openings of this magical palace, the
obje@s there contained being repeated fix
times, will feem entirely to fill up the
whole of the building. This illufion will
appear very remarkable ; efpecially if the
obje@s made’ choice of are properly adapt-
ed to the effed that is to be prodnced by
the mirrors.

Note, If you place betweentwo of thefe
mirrors part of a fortification, as a curtain
and two demibaftions, you will fee an en-
tire citadel, with its fix baftions. Or if you
place part of a ball-room, ornamented with
chandeliersand figures in enamel, all thofe
pbjects being here multiplied will afford a
very pleafing profpe,

RECREs
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RECREATION XVIIL

To draw an irregular figure, which fhall
appear regular when viewed in a plane

mirror.

IVIDE the fquare ABCD (Pl. 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 G F (Fig. 3.)equalto
a fide of the fquare ABCD; and after
having divided it into two equal parts at
the point E, through that point draw the
indefinite line A B, which mutft cut the
line G F at right angles. Take any two
points in the line AB, as A and B, equally
diftant from the point E, and draw from
the point A the lines A C and A D, which
you muft continue till they meet the line

D, parallel to G F.

On the point A draw A H perpendicu-
lar to A B,andof an equal length with the
line
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line C D, that is, double of that which
forms a fide of the fquare A B C D.

Divide the line CD into as many equal
parts as there are in a fide of the fquare
ABCD, and from the point A draw the
lines A g, A 5. From the point of view
H, draw the line H D, which by cutting
the lines A e, A B, A 4, will thow you the
points of the fe&ion from which you are
to draw the lines /g, parallel to G F and
CD.

Then tranfpofe on the trapezium, or
irregular four-fided figure, GFCD (which
will be divided into as many perfpetive
fquares as there are natural fquares in
Fig. 1. ABCD) the defign traced on that
fquare ; and on the line F G, place per-
pendicularly a mirror of anequal fize with
that fquare. The diftorted figure traced
onthe trapezium GCFD being then viewed
in’ the mirror from a point elevated per-
pendicularly overthe point B, to the height

2 of
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of CD, will appear exaly fimilar to that
traced on the fquare ABCD. It will ap-

pear equally regular ifthe mirror be taken
away, and it be viewed from the point H.

Note, Before you colour the diftorted
figure drawn on thetrapezium, you fhould
pafte it on a board of a parallelogram fi-
gure, whofe fides are equal to the lines
EB and CD; and fill up the fpace beyond
the trapezium with fuch figures as you
fhall think proper, the better to dif=
guifeit: thefe extra figures will not ap-
pear in the mirror, if you have the pre-
caution to raife at the point B a ftand that
fhall bear a circle with a fmall hole, thro’
which the objeét is to be feen in the mir-
ror. ‘This contrivance will confiderably
augment the illufion.

RECRE-
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RECREATION XVIIIL
The magical dial.

PRO CURE a dial-cafe as ABCD (Pl

VIL Fig. 4.) of the fize of thofe that
are commonly ufed to hold a watch. Let
it be placed on apedeftal CDEF, inwhich
theremuftbea{mall drawer H,thatcanhold
the plate ABCD, (Fig. 5.) on which plate
draw the circle of hours E, and in the
center let there be a magnetic needle,
placed on the point of an axis, which,
pafling through the plate, carries on its
other point an artificial magnet, that muft
beconcealed in the part under the plate*.

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

* The magnetic needle itfelf may do, if it be
not too far from the other dial, That this needlé
may not be fufpeted of having been touched it
may be gilt, {o as to appear like brafs,

which
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which are to be reverfed, as is expreffed
in Fig. 6. and whofe hour of twelve muft
be placed next the front of the cafe G.
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 thedial
appears) with a glafs, lined with gauze on
the infide, that the light may pafs in and
illumine the dial that is there placed.
Toward the top of the dial-cafe place an
inclined mirror L M, which by refleCting
the dial placed at the 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 toanyhour,
and it is placed in the drawer, fo that the

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 refle@ion of the mirror, the
hour appear in the front of the dial plate.

Give the dial (Fig. 5.) to any one, and
tell him to fet the hand, privately, to any
hour he pleafe, and then place it in the
drawer, only obferving that the hour of
twelve be next the ring, and he will then
fee that the hand of the dial at top will
dire& itfelf to the fame hour.

Note, If attention be had to place the
dial-cafe fo on the table, that the hand of
the dial which is concealed (and which
will of itfelf turn toward the north, when
the other dial is not under it) dire&t itfelf
to the prefent hour whenthe experiment is
making, it will appear the more extraor-

nary;










RECGREATIONS: St

dinary ; becaufe, when the draweris taken
away, it will again turnto the prefenthour,
which will render the caufe of the illufion
ftill more myfterious.

RECREATION XIX.
T he box of divination.

" ET abox be made with hinges, like
ABCD (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 {fmall partitions.
Have four {mall cafes E, F, G, H, which
will each of them fit any of the divifions,
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
ivory, on which you are to write any four

figures you fhall 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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muft be placed an inclined mirror MN, 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, pl:ce a{mall
brafs rod, turned up at its extremities, and
on which there muft be four pivots, atthe
fame diftance from each other as are the
centers of the cafes placed in the box.
Thefe pivots are to fupport four circles of
pafteboard P QR S (Fig. z,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 expreflediin the third

figure.

Matters
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Matters being thus prepared, when you
have placed on the table the box and the
four numbers there included, fo that they
may be exa@ly over the four circles of
paflteboard concealed in the drawer, that
is, that the centers of the one may be pre-
cifely over the centersoftheother, the nee-
dles on the circles will conform themnfelves
exaltly to the magnets in the cafes; fo
that if an inltant 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 the box and the four cafes to
any one, and tell him to form privately
any number, by placing the cafes in what
order he fhall think fit, and return you the
box firmly clofed. You then placeiton the
table over the circles, and opening the
drawer, under pretence of taking out an
opera-glafs, you caft your eye on the mir-
ror, and obferve the order of the figures

b
2 there
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there expreffed. You then thatthedrawer,
and retiring to a diftance, pretend to dif-
cern, by the opera-glafs, the number you

have obferved.

RECREATION XX.
The magical perfpectives.

AT the bottom of an heptagonal or fe-
ven-{ided box, as ABCDEF G
(P1. VIIL 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 firongly magnetic needle I,
and divide the circle into 21 equal parts,
as is exprefled in Fig. 7. Thetop of the
box is to be covered withglafs,over which
you muft pafle a fheet of very fine paper,
painted the fame colour withthebox, and

* This box fhould be fo conftru&led as to ap=
pear to be the pedeftal to the three perfpectives
hereafter deferibed,

var-
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varnithed, that the light may eafily pafs
through it, and illuminethe objeés which
are to be wrote or painted on the pafte-
board circle. On the middle of the top
of this box erect a column I (fee Fig. s.)
fupported on a pedeftal M, and crowned

with its capital N.

In the glafs that covers the box there
muft be three circular holes, at equal di-
ftances from each other, as O,P,Q, each
of them three fourths of an inch in dia-
meter, and on each muft be fixed, im-
moveable, a perfpedive glafs, like that in
the fixth figure of this plate.

Conftruction of the perfpective glaf..

Provide a ftand of wood A (Fig. 6.) in
which a hole is made from top to bottom,
of 2-4thsof an inch in diameter; on this
ftand place the peripe&ive B C, which
muft have a fecond tube D, like the com-
mon glaffes. In the larger part of it F,

G 3 there
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there muft be a fmalloval mirror E, which
inclines or is elevated as the tube D is
thruft in or drawn out. Let therebea cir-
cular hole at that part of the tube which
refts on the ftand A, thatwhen the mirror
is inclined, you may fee through the {tand
of the perfpective any objed that fhall be
placed in the box, under one of the holes
OP Q* Let the three perlpectives fo
conftruéted be placed, immoveable, over
thofe three holes.

The combination of objects that. may be drawn
v G-l ‘) ’

on the moveable circle in the box.

This circle is to be divided, as we have
{aid, into 21 equal parts, and each of thele
divifions muft appear under each of the
openings O,P, % as the circleturns 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 todetermine what three obje@s
you would have appear under the three
perfpe&ives; and fuppofing, for example,
that they are reprefented by the numeral
figures 1, 2, and 3, you will find thatthefe
three figures will admit of fix combina-
tions or different difpofitions, as
1,2,3. 15352+ 251534 25351, 35152, 3,2,1%,
Then place the numbers, or the objeés
they reprefent, in fuch order that the firft
number, 1, of the firft combination o2 i
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, intheninth divifion; and
the third number, 2, in thefixteenth divi-
fion,&ec. 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 g. aphorifm 16,

G 4 The
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The circle being thus prepared, is to be
placed on its p,va\,and to one of the {even
fides of the box (Fig. 4.) is to be adjufted
a lever or ftop, that being let down on
the circle, at pleafure, may preventit from

turning.

When the three perfpe&ives are placed
on the box, and turnedtoward the column
ere&ed on its center, if the fmalleft tube
be thruft in, it raifes the mirror that is con-
tained in each of them, and, by the hole
B the column is {een. If on the contrary
the fmall tube be drawn a little way out,
the mirror becomes inclined, and you then
fee one of the threecbje@s that are placed
in the box, wunder each opening in the
ftands of the perfpective, and thefe obje@s
will neceffarily appear in the order of one
of the fix combinations of which they are

alone fufceptible.

By placing the box on the table,
in which a magnetic bar, fix inches
long,
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fong*, muft be concealed, and whofe di-
re&ion you know, you may eafily make
the three obje@s above mentioned appear
oppolite the three holes O, P, Q, 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 perfpe&tives may be varied ac-
cording to the number of different objeéts
that can be placed on the moveable circle,
We fhall content ourfelves here with giv-
ing an examiple in numbers, which may
be applied to any other {ubjeét, the dif-
ference of objets making not the leaft dif-
ference in the manner of performing this

Recreation ; which, when well’ executed,

* This bar thould be ftroncly impregnated, that

it may readily turn the pafteboard circle,

never
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never fails to excite the higheft admira-
tion, s

Firft then, you are {o to place the move-
able circle, that the three divifions on
which there is nothing wrote may appear
under the three holes O, P, Q*, and the
fmall tube of the perfpectives is to be
fo difpofed that the mirrors on the infide
may incline to forty-five degrees T, and re-
fle& theobje&s placed under thofe holes. The
perfpedtives being thus difpofed, they are
placed on the table, and liberty is given
thofe that delire it, to look into them, as
they can then {ee no object. You are then .
to prefent to three different perfons, three
fuch objed@s as you fhall think proper f;

* This muft be done privately, by means of
the check, before the machine is brought to the
table. 4

+ That is, be half way between a line drawn
perpendicular to the ground, and its furface,

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

we
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we will fuppole here the three num-
bers 1, 2, 3. When each of the three
perfons has made choice of one of thefe
numbers, you roll the threecards on which
they are wrote, altogether, and put them
into the column, oppofite to which the
three ]_»cvi“p;&i\]&S are placed; and give
each perfon liberty to choofe in which glafs

he will fee his object %

‘When the three parties have chofe
their perfpecives, the box is to be placed
on the table, where the bar is concealed,
taking due care to fet it in fuch direCtion
that the openings O, P, Q, may corre-
fpond to thofe parts of the circle on which
the objects are wrote. A fhort time muft

be given the circle to fettle, and then the

» It is immaterial which glafs the firft perfon
choofes, before the box is placed on the table, but
if the {econd fhould not name that under which his
object is placed, the box muft be moved ; however,
it.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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check muft be privately let down. The
three perfons then looking through the
peripective they have each of them chofe,
their objects 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 glafles
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 thow you in what dire@ion the box

1s to be placed.
* You may then propofe to each of them to
make him fee his object through another perfpec-

tive, which you do by removing the check, and
putting the box in a different dire&ion,

RECRE-
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RECREATION  XXI
The penetrating perfpective.
ITHIN the cafe ABCD, (Plate X.

Fig. 1.) place four mirrors, O, P,
Q; R, fo difpofed that they may each of
them make an angle of forty-five degrees,
thatis, 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 firlt of thefe tubes with an
obje&-glafls at G, and a concave eye-glafs
at F.  You ate to obferve, that in regulat-
ing the focus of thefe glafles, with regard
to the length of the tube, you are to fup-

* Thefe four tubes mu%% terminate in the {ub-
ftanee of the cale, and not enter the infide, that they

may not hinder the effe& of the mirrors.

pofe
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pofe it equal to the line G, or vifual pointed
ray, which entering at the overture G, is
refleted by the four mirrors, and goes
out at the other overtare ¥, where the oc-
cular glafs is placed. Put any glafs you
will into the two ends of the moveable
tubes H and I; and lafily place the ma-
chine on a ftand E, moveable at the point
S, that it may be ¢levated or deprefled at

pleafure.

When the eye is placed at T, and you
look through the tube, the rays of light
that proceed from the obje& T, pafling
through the glafs G, are fucceflively re~
fle@ed by the mirrors, O, P, R, and Q;
to the eye at ¥, and there paint the obje&
T, in its proper fituation, and thefe rays
appear to proceed dire&ly from that ob-
ject.

The two moveable tubes H and I, at the

extremities of cach of which a

placed, ferve only the more to difguife the




RECREATIONS. 93
illufion, for they have no communi-
cation with the interior part of the ma-
chine. This inftrument being moveable
on the ftand E, may be dire&ted to any
object; and if furnifthed .with proper
glaffes will anfwer the purpofe of a com-
mon perfpedtive.

The two moveable tubes H and I being
brought together, the machine is direGed
toward any object, and defiring a perfon
to look in at the end F, you afk him if he
fee diftin&ly that object. You then fepa-
rate the two moveable tubes, and leaving
a fpace between them fufficient to place
your hand, or any other folid body, you
tell him that the machine has the power
of making objeés vifible through the moft
opaque body ; and as a proof you defire
him then to look at the fame object, when,
to his great {urprize, he will fee it as dif-
tin& as when there was no folid body

placcd between the tubes.

Z
e
i}
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Note, This Recreation is the more ex=
traordinary, as it is very difficult to con-
ceive how the effe&t is produced. The
two arms of the cafe appearing to be made
to fupport the perfpetive glafs ; and to
whatever obje&t it is directed, the effe&
is ftill the fame.

RECREATION  XXII.
The magician's mirrors.

N the wiinfcot of a room make two
overtures, of a foot high, and ten
inches wide, and about a foot diftant from
each other. Let them be at the common
height of a man’s head ; and in each of
them place a tranfparent glafs, furrounded

with a frame, like a common mirror.

Behind this partition place two mirrors,
one on the outward fide of each overture,
inclined to the wainfcot in an angle of
forty-five degrees*; let them be both eigh-
teen inches {quare: let all the fpace be-

*-See page qgo.

tween,
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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
1s in the front of the other ; fothat if two
perfons prefent themfelves at the fame
time before thefe mirrors, inftead of each
one feeing himfelf, they will reciprocally
fee each other.

Note, There thould be a fconce with i
candle placed on each fide of the two glaf-
fes in the wainfcot, to enlighten the faces
of the perfons who look in them, other=
wife this experiment will have no temark-
able effet

This Recreation may be confiderably
improved'by placing the two glafles in the
Vor. I H wainfaor,'
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wainfcot, in adjoining rooms, and a num-<
berof perfons being previouflyplaced inone
room, whena firanger enters the other,you
may tell him his face is dirty, and defire
him to look in the glafs, which he will na-
turally do; and on feeing a ftrange face
he will draw back : but returning to it, and
fe¢ing another, another, and another, like
the phantom kings in Macbeth, what his
furprize will be is more eafy to conceive
than exprefs. After this, a real mirror
may be privately let down on the back of
the glafs, and if hecanbe prevailed tolook
in it once more, hewill then, tohis farther
aftonithment, fee his own face ; and may be
told, perhaps perfuaded, that all hethought
he faw before was mere imagination.

How many tricks lefs artful than this,
have paffed in former times for forcery ;
and pafs at this time, in fome countries;
for apparations ?

Note, When a man looks in a mirror

that is placed perpendicular to another his
2 I s
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