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| ON THE WY | 

FRONTISPIECE and BOOK. ||}! 
A LL Recreations do delight the Mind ; 
TK But thefe are belt, being of a lewned kind : 
Here Art aud Nature ffrive to give content, 

_ In foewing many a rare Experiment : 
Whick you may read, and on their Schemes bere lock; 
Both in the Frontifpiece, and in the Book. 
Upon whofe Table new Conceits are (et, 
Like dainty Difhes, thereby for to whet 
And win your Fudgment with your Appetite 
Totafte them, and therein to take delight. 

The Senfes Objects are but dull at beft, 
But Art doth give the Intellect a Feaft. 
Come hither then, and here I will dejcribe 
What this fame Table doth for you provide. 
Here Queftions gf Axithmetick are wrought, 
And hidden Secrets unto light are brought. 
The like it in Geometry doth unfold, 
And fometooin Cofmography are told: 
It divers pretty Dyals doth defcry, 
With frange Experiments in Aftronomy, 
And Navigation, with each feveral Pictures 

In Malick, Opticks, and in Architecture ¢ 

Tn Statick, Machanicks, and Chymiltry 3 

In Water-Works 5 and, to afcend more high, 
In Fire-Work$ like to Joye’s Artillery. 

Allthis I know thon in this Book foals find, 

And here's enough for 10 content thy Mind. 

For from good Authors, this our AUTHOR drew 

Thefe Recreations, which are Strange and True : 

So that this BOOK’s a Centre, and ‘tis fit 

That in ibis Centre, Lines of Praife aie meet 
Weds 
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[Mathematical eres iene: 
OB, 

A Collettion of many 

PROBLEMS! 
Extracted out of the 

Ancient and Modern Philofophers : 
KS, 

ISECRETS and EXPERIMENTS 
IN 

Arithmetick, Geometry, Cofmography, Hole | 
graphy, A ftronomy, Navigation, Mufick,Opticks, | 
Architecture, Statick, Mechanicks, Chymiftry, 
Water- Works, Fire-Works, &c. 

Mot pulgarlp maniteft till now. 
| Written firltin Greek and Latin, lately compil’d in | 

French by, HENRY VAN ETTEN,and now | 
in Exglifh, with the Examinatiqgs and Augmenta- | 
tions of divers Modern MATHEMAT IC IANS. 

Whereunto is added) 

‘The Descrirrion and si 
| nar’ OE ' 

; 

ag ACR SEE OEE: EE TR TEN — 

The Double HORIZONTAL DYAL, 
AND | 

The General HOROLOGICAL RING: 
Invented and Written by William Oughtred. | 

LONDON: y | 
‘ | Printed for William beak ce, and Fobr Leake, at theCrown in 

Fleet(trect, between the Two Temple-Gates, 1674, 
i la MR, 
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SEEN nent 

CÉTATATILETITITLILITI MTL 

To the Thrice Noble, 
and moft Generous Lord, 

The Lord Lambert Verrevken : 

Lord of Hinden,Wolverthem, &c, 

My Honourable Lord, 

SAS Mongit the Rare and Curi- 
(JAN, ous Propofitions which I 
RN have learned out of the 

Studies of the Mathema- 
ticks in the famous Univerfity of 
Pont a Mouffon,\have taken fingular 
pleafure in certain Problems, no lefs 
Ingenious than Recreative, which 
drew me unto the fearch of Demon- 
{trations more difficult and ferious, 
fome of which I have amañled, and 
cauled to pafs the Prefs, and here 

dedi- 



The Epiftle Dedicatory. 

dedicate them now unto Your Ho~ 

nour : Not that I account them wor- 

thy of Your View, but in part t° 

teftifie my affectionate defires’ t° 

ferve You, and to fatisfie the Cu- 

rious : Who delight themfelves in 

thefe Pléafant Studies ; knowing 

well that.the Wobility and Gentty ta- 

ther ftudy the Mathematical Arts to 

content and fatisfe therr Affections 

in the fpeculation of fuch admira- 

ble Experiments as are extracted 

f-om them, than in hope of gain to 

Gl cheie Purfes. All-which Studies, 

and others, with my whole Endea- 

vours, | fhall always dedicate unto 

Your Honour, with an ardent defire 

to be accounted ever, 

Your moft humble and obedient 

Nepher and Servant, 

HA: VER ETTEN 
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Tothe READER, 

= ee hath been obferved by 
: | a many, that fundry fine 

. oy M Wits, as well among ft the 
Ko) Ancient a Modern,bave 

fported and delighted 
themfelves upon feveral things of 
finall confequence, as uponthe Foot of 
a Fly, upon a Straw, upon a Point; 
nay upon nothing: Striving as it 
mereto fhew the Greatnefs of ; their 
Glory, in the Smallnefs of the Sub- 
ject: And. have amongft moft folid 
and artificial Conclufions, compofed 
and produced fundrÿ Inventions both 
Philofophical azd Mathematical, to 
We the Mind, and recreate the Shi 

a rits, 
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The Epiftle to the Reader. 

rits, wbichthe fucceeding Ages bave 

imbraced, and from them gleaned and 

extratted many admirable and rare 

Conclufions ; judging that borrowed 

matter often-times yields praife to the 

induftry of its Author. 
Hence for thy ufe (Courteous Rea- 

der.) [have with great fearch and la- 

bour colleéted alfo and heaped up to- 

gether ina body, of thefe pleafant and 

jane Experiments to fiir up and delight 

the Affeétionate, (out of the Writings 

of Socrates, Plato, Ariftotle, De- 

mofthenes, Pythagoras, Democra- 

tes, Pliny, Hyparchus, Euclides, 

Vitruvius, Diaphantus, Pergæus, 

Archimedes, Papus Alexandrinus, 

Vitellius, Prolomeus, Copernicus, 

Proclus,Mauralicus, Cardanus, Va- 

lalpandus,Kepleirus,Gilbertus, I y- 

chonius, Duréirus, Jofephus, Cla- 

vius,Galileus Maginus, Euphanus 
| Ty- 



The Epiftle to the Reader: 

Tyberil, and other’) ‘knowing Art 
imitates: Nature, that glories. always 

‘ ~~“ TS 

———— ~ = = 

in thé variety.of things which [hé pro» 
duceth to fatisfe the Minds of Curiows 
Inquifitors. And though perbaps théfe 
Labours to. (ome: humerous. Perfons 

» | may feem vain and riditulons, for fuck 
a. | itwas notandertaken: But for thofe 
- which intentiuely. have defited ‘and 
il | fought after the knowledge of ‘thofe 
lt | things,it being an Invitation and Mo- 
us | tive to the fearch of greater matiérs, 
le || and to.imploy the Mind in Ufeful 
# |  Ænowledge, rather than to be bufed 
ks | @a\ vain Pamphlets, Play-books, 

is, |  fruitlef Legends, and prodigious Hi. 
i, |  fories, that.are invented out of Fans . 
uw, À €2@5 which abufe many Noble Spirits, 
i. | dell their Wits, and \alienaté their 
Tr | thoughts from laudable and honour~ 

che | able Studies, In this Tractate thoy 
maift therefore make choice of fuch 

42 Ma- 



The Epiftleto the Reader, 

Mathematical Problems and Con- 

clufions as may delight thee, which 

kind of Learning doth excellently a- 

dorn a man ; feeing the Ufefulne|s 

thereof, and the Manly Accomplifb- 

ments it doth produce, is profitable 

and delightful for all forts of People, 

who may furnifb and adorn themfelves 

with abundance of matter in that 

kind, to help them by way of ufe and 

difcourfe. And to this we have alfo 

added our Pyrotechny, knowing th
at 

Beafts bave for their Objekt onely-the 

furface of the Earth, but boping that 

by Spirit, which followeth the m
otion 

‘of Fire, will abandon the lower Ele- 

‘ments, and caufe thee to lift up thine 

Eyes to foar in an bigher Contempla- 
- 

À tion, baving fo glittering a Canopy 
to 

: bebold, and thefe pleafant and rec
rea- 

| tive Fires afcending may ca
ufe thy af- 

| fections alfo to afcend. Ibe Whole 

tes whereof 
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fireftthe Scrutability of things ; Naz\ 

The Epiftle to the Reader. | 

whereof we fend forth to thee, that de-\ 

ture having furnifbed us with matter, | 
thy Spirit may eaftly digeft them, and \ 
put them finely in order, though now | 
in diforder. A 
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Alumnum Academiz . 

PONTA MOUSSON. 

c À pduawalkeri fileant fecreta profundt, 

À  Definat occultam carpere Port
a Viam. 

Itala (ardani mirata eft 
Lampada doit 

Terra, Syracufinm Gracia 1014 fenem : 

Orbi terraram, Ptoloniæ: Clepfydra tott, 

Rara dioptra Proclis mira fuère duo. 

notiate foveat doitus Pont m
oaffenalumnum, | 

D £Onidgnid natur®, qui leg is, hortus habet. 

Tokka cornet opis dockum, te fit tua dotto 

Digna, § yr acufily 4764, COYOMA Virte 

_Avea sv acufit ntinam fit plumbea fe
rvis, 

Aurea fea Dominu, anrea tota [ut 

By 
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By way of 

ADVERTISEMENT. 

a 

Five or fix things [ have thought 
i worthy to declare , before L pafs 
mn !| oe | 

@lrft, That I place not the 
} {peculative Demonftra- 

a Ease tions with all thele Pro- 
pawl blems; but content my 

f | (elf to fhew themas at-the Fingers 
end: Whichwas my Plot and In- 

| tention, beeaufe thofe which ün- 
derftand - the..Mathematicks can 
conceive. them eafily ; others for 

by |  the,moft part will content them- 
| 19 {elves 



By way of Advertifement. 

felves onely with the Knowledge 
of them, without lecking the Rea- 
fon. 

Secondly, To give a greater 
grace to the practice of thefe 
Things, they ought to be con- 
cealed as much as they may, 1 
the fubtilty of the way ; for at 
which doth ravifh the Spirits is, 
An Admirable Effect, whofe Caufe is 
Unknown ; which if it were difco- 
vered, half the pleafure 1s loft : 
therefore all the finenefs confifts 
in the dexterity of the AG, con- 
cealing the means, and changing 
often the Stream. 

Thirdly, Great care ought to be 
had that one deceive not himfelf, 
that would declare by way of Art 
to deceive -another : This will 

make 
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By way of Advertifement. 

make the matter contemptible to 
ignorant Perfons, which will ra- 
ther caft the Fault upon the Sci- 
ence, than upon him that fhews 
it : When the Caufe is not inthe 
Mathematical Principles, but in 
him that fails in the acting of it. 

Fourthly, In certain Arithme- 
tical Propofitions they have one- 
ly their Anfwers, as I found them 
in fundry Authors, which any 
one, being ftudious of Mathe- 
matical Learning, may find their 
Original, and alfo the way of their 
Operation. 

Fifchly, Becaufe the Number 
of thefe PROBLEMS, and 
their Dependances, are many and 
intermixed, I thought it conveni- 
ent to gather them into a Table : 

that 

Se 
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By way of Advertifement. 

that fo each one according to his 

Fancy might make beft choice of 

that which might beft pleafe his 

Palate, the matter being not of 

one Nature, nor of like Subtilty : 

But whofoever will have patience 

to readon, fhall find the End bet- 

ter than the Beginning. 
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Particular Heads of this Book, 

Contracted according to the 

SEVERAL ARTS 
Specified in the Title-Page. 

Oo. Experiments in Anithmetick. | 

Age 122,316, 19:22,29,33:30,40544:45) 

51, §235359950036957 157 85183, 85,86,89, 
GO; 915 1245 134,113 55 13651375138, 139,140, 
1771785179518 1,1825183 518451855188, 208, 
210,213: | | 

es Expersmenis in Geometry. 

Pag.1251 5324265273 053 5374 1:42:47 48» 

19,62:65,7217982511 311175 AEB 11952145215, 

217:218,234123 55238,239:240e 

Experiments in Cofinography. 
Pag. 14, 43, 75) 1006,107,219,220,225,227; 

228,229;230,232e 

Experiments in Horologiography. 
Pag, 136, 166,167,168,169,1715 245> 
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A TABLE of the SEVERAL ARTS, &re, 

Experiments in Affronomy. 
Pag. 220. t0 224. 

Experiments in Navigation. 
Pag, 105, 232, 233, 239 237: 

Experiments tn Mufick. 
Pag. 78, 87, 126. 

Experiments in Optioks. 
Pag. 6,66,98,99,100,102,129,131, 14151425 

143,144:146,149,151,152;153;155) C0 165+ 

Experiments in Architecture. 
Pag. 16, 242, 243- 

Experiments in Staticke — 
Pag:27,30,32,71:199,200,201,203,204,205;. 

207 « | 
Experiments in Mechanicks. 

Pag, §6;58,68,88,95,108,1 1051283173317 33 
174,176,246, 248,255:256: | 

Experiments in Chymiftry. 
Page 1985253325 4525 502 59,2 60 

Experiments in Water-works. 
Pag.189t0 196. 245, to 2526 

Experiments in Fire-works. 
From page 261, tothe end. 
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:| RECREATIONS 

PROBLEM L 

To find a Number thought upors TR =." 

a Rn jet 

bi x Id him that he Quadruple the 
' MY YS&. Number thought upon, that is, 

Le : Le multiply itby 4, and unto it bid 
bi, | RSS him to add 6, 8, 10, or any 

| sy Number at pleafure : and let 
| him také the half of the fam, 

À  thenask how much it comes to? for then if you 
i) | take away half the number froth 1 which you 
ib |) willed him at firft to add to it, there fhall remain 

the double of the number thought upon. 

epi B Examples 
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2 Mathematical Recreation. 
Example. 

The Numberthought upon 
The Quadruple of it 
Pat 8 unto it, makes 
The halt of it is | 4 

Take away half’ thé number added, ire 

it, viz. 4, thereft 1s oe 
The double of the number thought upon,vzz, 10 

Another way to find what number was thought upon. 

Id him which thinketh double his Number, 
and unto. that double add 4, and bid him 

multiply that fame produét by 5, and unto that 
product bid him addt2yand multiply that laft 
number by 10 (which ts*done eafily by fetting a 
Cypher at the end of the number ) then ask him 
the laft number or product, and from it fecretly 
fubtra& 320; the remainder in the hundreth 
place is the number thought upon. 

Example. 

The number thoughtupon 7} 

Hisdouble ~~” 14 

To it add 4, makes : 18 

Whichmultipliédby 5 makes 90 ie: LA 

To which add 12, makes 10 a k aK 

This multiplied. by ie ee ti € 

whichis onely by ad-€ Lie pre or < 

a Cypher fo 1,0) the: Number 

From this fubtract 320 | thought upon 

Ref 700; 

For which 

To 



Mathematical Recteatiott, 3 

Lo find Numbers conceived upon, otherroife than the 
former. 

Bi the party which thinks the number, that 
he tripple his thought, and caufe him to take 

_ thehalf of it: (if it be odd, take the leaft half, 
and put one untoit) then will him to tripple the 
half; and takehalf of it, as before : Laftly, ask 
him how many Nines there is in the laft half 
and for every Nine, account four in your memo- 
ry, for that {hall thew the number thought uport; 
if both the tripples were even: but if it be odd 
at the firft tripple, and evenat the fecond, for the 
one added unto the leaft half keep one in memo- 
ry: if the firft tripple be even, and the fecond 
odd; for the one'added unto the ‘léaft-half keep 
two in memory: laltly, if at both times intrip- 
ling, the numbersbe odd, forthe two added un- 
to the leaft halfs, keep three in memory: Thefé 
cautions obferved, and added uñto as many fours 
as the party fays there is Nines contained in the 
laft half, fhall never fail you to declare or difcern 
truly what number was'thought upon. 

Example. 

The Numberthought upon 40r 7 
The tripple 120r21: 
The half thereof 6 or 10, one put to it makes 11 
The tripple of the half 18 or 33 
Thehalf 9 or 16, one put to it makes 17 
The number of Nines inthe laft half or: 
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a  atbematical Recteation. 
The firft 1 reprefenteth 4, the number thought 
upon, and che laft 1 with the caution makes 7,the 
other number thought upon. 

Note. 

Order your Method fo that you be not difco: 
vered, which to help, you may with dexterity 
and induftry make Additions, Subftradions, Mul- 
tiplications, Divifiens, Ge. and inftead of asking 
how many Nines there is, you may ask how ma- 
ny Eights, Tens, ee. there is, or fubtract Eight, 
Ten, &c. from the Number which remains, for 
to find out the Number thought upon. 

Now touching the Demonftrations of the for- 
mer Directions, and others which follow, they 
depend upon the 2, 7,8, and 9 Books of the Ele- 
ments of Exclide: Upon which fecond Book and 
fourth Propofition, this may be extra@ted, for 
thofe which are more learned, for the finding of 
any Number that any one thinketh on. 

Bid the party that thinks, that he break the 
Number thought upon into any two parts, and 
unto the Squares of the parts let him add the 
double Product of the parts; then ask what it 
amounteth unto? So the” Root Quadrat (hall be 
the Number thought upon. 

Exem- 
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mathematical Recreation. 5 

Example. 

The Number thought upon 5 
The parts fuppofe 3 and 2 
The Square of 3 makes 9) 
The Square cf 2 makes 4 | the fum of thefe three 
The product of the \ numbers 25,the (gare 
parts, viz. 3 by 2 ? Root of which is 5,the 
makes 6, which 6 € ** | number thought upon 
doubled makes j 

Or more compendioufly it may be delivered 
thus; 

Break the Number into two parts, and to the 
Product of the parts add the Square of half the 
difference of the parts, then the Root Quadrat of 
the Aggregate is half the Number conceived. 

Examination, 

He Problems which concern Arithmetick, we 
| _ examine not : for thefe are eafie to any one 
| which bath read the Grounds and Principles of A- 

rithmetick 5 but we efpecially touch upon that which 
tends to the Speculations of Phyfick, Geometry,and 
Opticks,and fuch others which are of more difficulty, 
and more principally to be examined and confidered. 

B 3 PR O- 
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‘dead, and of a darkifh colour, will appear and 

mathematical Recreation; 

PROBLEM It. 

How to reprefent to thofe which. are in a Cham: 
ber, that which is without , or all that which 

pafseth by. 

His is one of the fineft Experiments in the 

… Optiques, and it is done thus : Chufe a 

Chamber or Place which is towards the Street, 

frequented with Peoplé, or which is againft {ome 
fair flourifhing Obje&, that fo it may be more 

delightful and pleafant to the Beholders, then 

make the Room dark by fhutting out the light, 

except a {mall hole of fixpence broad ; this done, 
all the Images and Species of the Objects which 

are without, will be feen within, and you fhall 

have pleafure to fee it, not only upon the Wall, 

but efpecially upon a fheet of white Paper, or 

eae | fome White Cloth 
hung near the hole: 
and 1f unto the hole 

HAS" you place a round 
| Glafs, ‘that is, a 

Glafs whichis thic- 
ker in the middle 
than at the edge: 

un ei fuch as is thé com: 
mon Burning Glaffes, or fuch which old People 
ule: for then/the Images which before did feem 

aT 

be 



opathematical Recreation, 7 
be feen upon the Paper, or white Cloth, accord- 
ing to their natnralcolours, yea more lively than 

their natural, and the appearances will be fo 

much the more beautiful and‘ perfect, by how 
much the hole is leffer, the day clear, and the Sun 

fhinine. Neh 

It is pleafant-to fee the beautiful and goodly 

Reprefentation of the Heavens, intermixed with 

Clouds in the Horizon, upon a Woody Situation, 

the motion of Birds in the Air, of Men and other 

Creatures upon the Ground, with the trembling 

of Plants, Tops of Trees, and fuch like: For 

every thing will be {een within, even to the life, 

but inverfed: Notwithftanding,-this beautiful 

Paint will fo naturally reprefent it felf in fuch a 

lively PerfpeCtive,) that hardlysthé moft acurate 

Painter can reprefent the like. *” 

Now the reafon 
why the Images and # 
Objeéts without are IS 
inverfed , is becaufe ¥ 
the Species do inter- 
fe& one another in 
the hole, fo that the 
fpecies of the feet af- 
cend.and thofe of the 
head defcend. LS 

But here note, that they may be reprefented 

tight two manner of ways: Firft, with a Cons 

cave Glafs : fecondly, by help of another Convex 

Gla(s, difpofed or placed between the Paper and 

the other Glafs, ‘asmay be feen’ here by the Fi- 

Puree | 

B 4 Now 
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8  atbematical Recreation. 
Now I will add here only by paffing by, for fuch 

which affe& Painting and Portraiture, that this 
Experiment may excellently help them in the 
lively painting of things perfpective-wile, as To- 
pographical Cards, &c. and for Philofophers, it is 
a fine Secret to explain the Organ of the fight, 
for the hollow of the Eye is taken as the clofe 
Chamber, the Ball of the Apple of the Eye, for 
the hole of the Chamber, the Cryftaline humour 
at the {mall of the Glafs, and the bottom of the 
Eye, for the Wall or Leaf of Paper. 1 

Examination: 
pr He Species being preffed together, or contraticd, 
doth not perform it upon a Wall, for the fpe- 
cies of any thing doth reprefent it felf not onely in 
one bole of a Window , but in infinite holes, even 
unto the whole Sphere, or at leaft unto a Hemi- 
{phere (intellectual in a freeMedium ) if the Beams 
or Reflections be not interpofed, and by bow much the 
hole # made lefs, to give paffage to the Species, by fo 
much the more lively are the Images formed, 
Ea Convex or Coneave Glaffes , the Images will be 
difproportionable to the Eye, by how much they are 
more Concave, or Convex, and by how much the parts 
of the Image comes near to the Axis, for thofe that 

arenear, are better proportioned than thofe which are 
farther off. | ; 
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Mathematical Recreation. 9 
But to bavethem more lively and true, according 

to the Imaginary Conical Section, let the hole be na 
greater than apins head made upon a piece of thin 
Brafs, or fuch like, whick hole reprefents the top of 
the Cone, and the Bafe thereof the Term of the Spe- 
cies: This practice is bejt when the Sun fhines upon 
the bole, for then the Objets which are oppofite to that 
Plain will make two like Cones, and will lively re- 
Prefent the things without in a perfect inverfed Per- 
fpecizve, which drarpn by the Pencil of fome. Artifi- 
cial Painter, turn the Paper upfide-down, and it will 
be direéi, and to the life. 

But the apparances may be direct , if you place 
another hole oppofite anto the former, fo that the 
Spectator be under it 5 or let the Species refle upon 
a Concave Glafs,and let that Glafs reflect upon a Pa- 
per, or fome white thing. 

SO © 

sips 

PROBLEM IIL 
To tell how much weighs the blow of ones fit, of 2 

Mallet, Hatchet, or {uch like, or refting wirbout ge 
ving the blow. 

G oaigerin his 33 1 exercife againft Cardan, re- 
lates that the Mathematicians of Maximilian 

the Emperour, did propofe upon a day this Que- 
| Jon, and promifed to give the refolution ; not- 

withftanding Scaliger delivered it not , and con- 
ceive itto bethus : Take a Balance, and let the 

Fift, 

Saye SS ee ee ee SS 
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so Watherratical Wecveation. 
Fift, the Mallet, or Hatchet reft upon the Scale, 

or upon the Beam of the Ballance, and put into 

the other Scale ‘as much weight as may counter- 

poife it, then charging or laying more weight 

into the Scale, and ftriking upon the other end, 

you may fee how much one blow is heavier than 

another, and fo confequently how much it may 

weigh: foras Ariftetle faith, The motion that 

made in ftriking adds great weight unto it, and fo 

much the more, by bow much it is quicker: there- 
forein effect, if there 
were placed a thou- 
fand Mallets, ora 
Thoufand | Pound 
weight upon a ftone, 

.. nay, though it were 
| exceedingly preffed 
Ÿ down by way of a 

sam Vice, by Levers, or 

other Mechanick Engine, it would be nothing to 

the rigor and violence of a blow. 

1s it not evident that the edge of a Knife laid 

upon Butter, and a Hatchet upon a Leaf of Pa- 

er, without ftriking, makes no impreflion, or at 

leaft enters not ? But ftriking upon the Wood a 

little, you may prefently {ee what effect it hath : 

which is from the Quicknefs of the Motion, 

whichbreaks and enters without refiftance, if it 

be extream quick; as experience fhews us in the 

blows of Arrows, of Cannons, Thunder-bolts, 

and fuch-like. 
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apathematical Recteation, 1: 

Into 

te 
à Cramination. 

a "ET Hu Problem was extratied from Scaliger, 
i who bad it from Ariftotle, but fomewhat re- 
. A fraëtory compiled, and the ftrenath of the Effect he 
2 I fays depends onely in the violence of the Motions 
SL. then wouldit follow that a little ight Hammer up- 
LE DT piece of Wood being quickly caufed to fmite, 
lo | would give a greater blow and do more burt than a 
"i | great Sledge firiking foft s:this w4bfwrd, and con- 
ound | traryto Experience. Therefore it confifès not totally 
en | in the Motion : for if two feveral Hammers, the 
tle | oncheing twenty times heavier than the otber, fhould 
id | move nith like Quicknefs, the Effect would be much 
08 | different : theres then fomething elfe to be coufider- 
BL ed befides the Motion, which Scaliger underftood 
M0 | #ot: for if oneshould have asked him what is the: 
| reafon that a Stone falling from a Window to a place 
clad | wear at hand, is not fo forceable as if it fell far- 
LPs | gher down; and when a Bullet flying out of a Piece, 
OU and ftriking the Mark near at hand, will not make 
wld | fuch an Effect as ftriking the Mark further off. But 
that we fuppofe that Scaliger and Cardanus who han- 
(oti, | dles this. (ubjedty- would not be lefs troubled to te= 
, if | |. folvetbis, than they bave been in that. 
in the 

bol, 4 

gait | 
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12 Wathematical Recteation, 

PROBLEM Iv. 

How tobreak a Staff which is laid upon two Glaffes 
full of Water, without breaking the Glaffes, or 
fpilling the Water or upon two Reeds or Strar's, 
without breaking of theme 

Irft; place the Glaffes which are full of Water 
upon two Joynt Stools, or fuch like, the one 

as high as the other from the ground, and diftant 
one from another by two or three foot, then 
place the ends of the Staff upon the edges of the 
two Glaffes, fo that they be fharp : this done, 
with all the force you can, with another Staff 
firike the Staff which is upon the two Glaffes in 

+—— the middle, and it 
will break without 

breaking the Glaffes, 
or fpilling the Wa- 
ter. 
In like manner may 

you do upon two 
Reeds, held with 

À your hands in the 
Air without breaking them: ‘Thence Kitchin- 
Boys often break Bones of Mutton upon their 
hand, or with a Napkin, without any hurt, in 
onely ftriking upon the middle of the Bone with 
a Knife. 
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mathematical Recteation, 13 

Now inthis AG, the two ends of the Staff in 
breaking flides away from the Glaffes, upon 
which they were placed 5 hence it cometh that 

| the Glaffes are no wife endangered,no more than 
fs À the Knee upon which a Staff is broken,forafmuch 
,# À asin breaking it preffeth not : as Arétotle in his 
mt, À Mechanick Queftions obferveth. 

Vater | 
cone 
int 4 
then | | xs 

tt Examination: 
Saf 4 | 
fesin à 
uit À 

out beexperimented, firft, without Glafles, in pla- 
lls, | ing a {mall flender Staff upon two props, and ther 
We making trial upon its by which you may fee bow the 

| Staff will ether break, bore, or depart from its props, 
er AY and that either direëily, or obliquely: But why by 
1 tW0 Q this violence, that one Staff ftriking another, (which 
wih À à fupported by two Glafles) will be broken without 
in tht offending the Glafles, is as great a difficulty to be 
thin. À 
athe i 

rt, 10 | 

evil À | PRO- 

refolved as the former. 

Now & 

oe 1 mere necefJary here to note, that this thing may 
tout | 

— = - a dé . ir tes dater ce die - _— — —_ - # 

SSS = ee ae TT es —— a a Se 
Le Re Se ne apa gee pe RE IE SSD a ean ae) Scan. SS eS 

| ROE Ecce pet MERC ETS à et | 2 AR ER I aus eee ee 



14 Mathematical Recreation. 

PROBLEM V. 

How to make a fair Geographical Card in a Garden- 
Plot, fit for a Prince, or Great Perfonage. 

T is ufual amongft Great Men to have fair Geo- 
_ graphical Maps, large Cards, and great Globes, 

that by them they may as at once havea view of 
any place of the World, and fo furnifh them- 
{elves with a general knowledge not onely of 
their own Kingdoms Form, Situation, Longi- 
tude, Latitude, &e. but of all other places in the 
whole Univerfe, with their Magnitudes, Pofi- 
tions, Climates and Diftances. 

Now I efteem that it is not unworthy for the 
Meditations of a Prince, feeing it carries with it 
many Profitable and Pleafant Contentments : if 
{uch a Card or Map by the Advice and Direction 
of.an able Mathematician were Geographically 
defcribed in a Garden-plot form, or in fome'o* 
ther convenient place, and inftead’of which pe: 
neral defcription might particularly and artifici- 
ally be pretigured ‘his whole Kingdoms and Do- 
minions; thé. Mountains and Hills being raifed 
like {mall Hillocks with Turfs of Earth; the Val- 

fevs fomewhat concave, which will be more 
agreeable and pleafing to the Eye, than the De- 
{cription in plain Maps and Cards, within which 
may be prefented the Towns, Villages, moe? Or 

other 
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mathematical Recreation. 15 
other remarkable Edifices, in {mall green Moflie 

_ Banks, or Spring-work proportional to the Plat- 
| form, the Forrefts and Woods reprefented accor- 

SSS eee = 

—— = = EE a 
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ht, % 
mi À © rl 
hee | exceed that of my Lord of Verlams, fpecified in 

y of | his Effays; that being only for delight and plea- | 

on | fure, this may have all the propesties of thar, and vt 

athe | be alfo of fingular ufe ; by which a Prince may 1 
Pale in little time perfonally vifit his whole Kingdom, a 

‘and in fhort time know it diftinély : and fo in it 

sh | like manner may any particular man Geographi- 1} | 

sat À Cally prefigure his own Poffeffion or Heritage. i 

6: Ht 
Ht 

Hoi LM 

“" | PROBLEM VI. iM 

#7) | How three Staves, Knives, or like Bodies, may be fl | 

rio | conceived to hang in the Air, without being fup- rig 

ll VE né ele tenet il 
À Wl | iF 

sik + ites the firft Staff AB, raife up in the Air ae 

he De the end B, andupon him crofs-wife place ai: 

a which the Staff C B, then laftly in Triangle wife place iN 

sles the third Staff EF, in fuch manner that it may : 
be 
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16 ©. Bathenratical Recteatioit. 
be under AB, and yetupon CD. I fay that 

thefe Staves fo difpofed cannot fall, and the {pace 

CBE is made theftronger, by how much the 

more it is prefled down, if the Staves break not, 
one or fever themfelves 

from the triangular 
form : fo that al- 
ways the Center of 
gravity be in the 
Center of the Tri- 
angle: for AB is 
fupported by EF, 

th and EF is held up 

by CD, and CD is kept up from falling by A B, 

therefore one of thele Staves cannot fall, and fo 

by confequence none: 

la 45 Nb RER OR SESS eer ene ae a ETL. FM 7 

PROBLEM VIE. 

How to difpofe as many men, or other things, in fuch 

fort, that rejetling or cafting away the 6,9, 10 

art, unto a certain number, there (hall remain 

shofe which you would have. 

Rdinarily the propofition is delivered in this 

wife: 15 Chriftians and 15 Turks being at 

Sea imone Ship, an extream tempeft being xi- 

fen, the Pilot of the Ship faith, it is neceflary 

to caft over-board half of the number of Per
fons 

to disburthen the Ship, and to fave the reft : 
now 

it was agreed to be doneby lot,and therefore t
hey 

| confent 

conten 
nine a 

y? 

4 ON, 

nit \ 

there 

Vowel OWE) 

dans. 

both ( 

À quant 
a ot the 

Count 
Place 
à Ty 
the 
lite 
Utdey | 

vel 
Wi 

chal 
the It 



thai 

in tus 
eingat 

ing + 
ocellay 
Perlos 
À; nf 

fore Hey 
lest 

| 

| 

mathematical Recreations 17 
confent to-put themfelves in rank, counting by 
nine and nine, the ninth Perfon fhould always be 
caftintothe Sea, until there were half thrown 
over-board : Now the Pilot being a Chriftian en- 
deavoured to fave the Chriftians ; how ought he 
therefore to difpofe the Chriftians, that the Lot 
might fall always upon the Turks, aud that none 
of the Chriftians be in the ninth place ? 

A 

The refolution is ordinarily comprehended in 
this Verfe : 

| Populeam virgam mater regina ferebat. 

For having refpe& unto the Vowels, making 

a one, e two, zthree, o four, and # five: o the 
firft Vowel in the firft Word fheweth that 
there muft be placed four Chriftians ; the nex 
Vowel #, fignifieth that next unto the four Chri- 
ftians muft be placed five Turks; and fo to place 
both Chriftians-and Turks according to the 
quantity and value of the Vowels in the Words 
of the Verfe, until they be all placed: for then 
counting from the firft Chriftian ‘that was 
placed, unto the ninth, the lot will fall upon 
a Turk, and fo proceed. And here may be 
further noted, That this Problem is not to be 
limited, feeing,it extends to any number and 
order whatfoever, and may many ways be 
ufeful for Captains, Magiftrates, or. others, 
which have divers perfons to punifh, and-would 
chaftife chiefly the unrulicft of them, in taking, 
the 10, 20, or 100 perfon, @re. as we read was 

1e comn- 



18 Mathematical Recreation. 
commonly practifed amongft the ancient. Ro* 
mans : therefore to apply a general Rule in coun- 
ting thethird, 4, 9, 10, Ge. amongft 30, 40, 50 
perfons, and more or lefs ; this isto be obfer- 
ved, take as many Unites as there are Perfons, 
and difpofe them in order privately : As for 
example, Let 24 men be propofed to have com- 
mitted {ome outrage, 6 of them efpecially are 
found acceflary; and let it be agreed that count- 
ing by 8 and 8, the eighth man fhould be always 
punifhed. Take therefore firft 24 units, or up- 
ona piece of Paper write down 24 cyphers, and 
account from the beginning to the eighth, which 
eighth mark, and fo continue counting, always 
marking the eighth, until you have markt 6, by 
which you may eafily perceive how to place thofe 
fix men that are to be punifhed, and fo of others. 

It is fuppofed that Fofephus the Author of the 
Fewifh Hiffory efcaped the danger of death by 
help of this Problem: For a worthy Author of 
belief reports in his eighth Chapter of the third 
Book of the deftruction of ‘Ferufalem, that the 
Town of Fotapata being taken by main force by 
Vepatian, ‘fofephus being Governour of that 
Town, accompañied with a Troop of fourty 
Souldiers, hid themfelves in a Cave, in which 
they refolved rather to famifh, than to fall in- 
to the hands of Vefpatian: and witha bloudy re- 
folution in that great diftrefs would have butcher- 
ed oneanother for fuftenance, had not Fofephus 
perfwaded them to die by lot and order, upon 
which it fhould fall: Now feeing that Fofepbus 
did fave himfelf by this Art, it is thought Me 
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athematical Recteationt: 19 
his Induftry was exercifed by the help of this 
Problem, fo that of the 40 perfons which he had, 
the third was always killed: : Now by putting 
him(elf in the 16 or 31 place, he was faved, and 
one with him, which he might kill, or eafily per- 
{wade to yield unto the Romans. 

PROBLEM. VII. 

Three Things and three Perfons propofed, to find 
which of them bath either of :thefe three Things. 

Et the three things be a Rig, a piece of Gold, 
L and a piece of Silver, orany other fuch like, 
and Jet them be known privately to your felf by 
thefe three Vowels, a, e, #; or let there be three 
perfons that have different names, as Ambyofe, 
Edmond, and Fobn , which privately you may 
note or account to your (elf once known by the 
aforefaid Vowels, which fignifie for the firft Vow- 
el 1, for the fecond Vowel 2, for the third Vow- 
el 3. | 
Now if the faid three perfons fhould by the 

mutual confent of each other privately change 
their names, it is moft facil by the courfe and ex- 
cellency of Numbers, diftinétly to declare each 
ones name fo interchanged: Or if three perfons 
in private, the one fhould take a Ring, the other 
a piece of Gold, and the third fhould take a piece 
Of Silver ; it is eafie to find which hath the Gold ; 
the Silver, or the Ring, and itis thus done. 

€ 2 Take 



20 © Patherivatical Recteatiot. 
Take 30 or 40 Counters (of which there 1s 

but 24 neceflary) that fo you may conceal the 
way the better, and lay them down before the 
parties, and as ‘they fit or ftand give to the firft 
1 Counter, which fignifieth 2, the firft Vowel ; 
tothe fecond 2 Counters, which reprefents e, the 
fecond Vowel 3 and to the third 3 Counters, 
which ftand fori the third Vowel: then leaving 
the other Counters upon the Table, retire apart, 
and bid him which hath the Ring take as many 
Counters as you gavehim, and he that hath the 
Gold, for every one that you gave him, let him 
take 2, and he that hath the Silver for every one 
that yougave him, let him take 4: This being 
done, confider to whom you gave one Counter, 
to whom two, and to whom three ; and mark 
what number of Counters you had at the firft, 
for there are neceffarily but 24, as was faid be- 

fore, the furplufs you may privately reject. And 
then there will be left either 1,2,3,5,6, or 7, 

and no other number can remain ; whichif there 

be, then they have failed in taking according to 
the directions delivered: but if either of thefe 
numbers do remain, the refolution will be difco- 
vered by one of thefe fix words following, which 
ought to be had in memory, vix. 

Salve, certa, anima, femita, vita, qutes. 

Is 2 3. 5: 7 

As fuppofe 5 did remain, the word belonging 

unto itis femita, the Vowels inthe firlt two cl 
lables 
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opathematical Recteation. 21 

lables aré eandz, which fheweth according to 

the former Dircétions, that to whom you gave 
2 Counters, he hath the Ring, ( feeing it is the 

{écond Vowel reprefented by two, as before) 
and to whom you gave the 3 Counters, he hath 
the Gold : for that# reprefents the third Vowel, 

or 3 in the former Direction, and to whom you 

gave one Counter, he hath the Silver ; and fo of 

the reft. The variety of changesin which exer 

cife, is laid open in the Table tollowing. 
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This feat may be alfo done. without the for- 

mer words, by help of the Circle A. for'ha- 
ving divided the Circle into {ix parts, write 1 
within and one without, two-within and five 
without, &c. thefirft 1, 2,3, whichare within 
with the Numbers over them,) belongs to the 
upper femicircle ;. the other..Numbers both 
within and without, to the under femicircle 5 
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22  gpatbematical Recreation. 
now if in the ation there remaineth fuch a 

number which may be found in the upper femi- 

circle without, then that which is oppofite with- 

in fhews the firft, the next is the fecond, dc. as if 

5 remain, it fhews to whom he gave 2, hehath 

the Ring; to whom you gave 3; he hath the 

Gold, ée. Butif the remainder be inthe under 

fernicircle, that which is oppolite to it is the fr, 

the next backwards towards the right hand is the 

{econd ; asif 3 remains, to whom you gave 1 he 

hath the Ringshe that had 3 he had the Gold; ee, 

© 

PROBLEM IX. 

How to part a Veffel which is full of Wine, containing 

eight Pints, into two equal parts, by two otber 

Veffels which contain as much as the greater Veffel 5 

as the one being 5 Pints, and the other 3 Pints. — 

Et the three Veffels be reprefented by ABC, 

A being full, the other twobeing empty + 

firft, pour out A into B until it be full, fo there 

will bein B 5 pints, and in A but 3 pints: then 

pour out of B into C until it be full : fo in C 

fhall be3 pints, in B2 pints, and in À 3 pints, 

then pour the Wine which is in € into A, fo in 

À will be pints, in B 2 pints, and in C nothing: | | 
then pour out the Wine which is in B into the 

pot C,fo in C there is now 2 pints, in B nothing, 

and in A 6 pints. Laftly, pour out of A into 

yntill it be full, fo there will'be now in A only ï 

Bagel ; ET ARE yh tert pint 
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mathematical Recteation, 23 
pint, in B 5 pints, and in C 2 pints. Butitis 

now evident, that iffrom B you pour in unto the 

pot C until it be full, ARRETE 

there will remain in | °° 

Bapints, andifthat : © B 

which is in C,. 7133 à 

pints be poured into EX 

the veffel A, which Ly 

before had 1 pint, i 

there fhall bein the | Pas 

veffel A but half of i 
its liquor that was in it at the firft, viz. 4 pints, 

as wasxequired. Otherwife pour out of A into 

C until it be full, which pour into B, then pour 

out of A into C again until it be full, fothereis 

now in A only 2 pints, inB 3, andinC 3, then 

pour from C into B untilit be full, fo inC there 

is now but 1 pint, 5 in B,and 2 in A : pour all 

that isin B into A, thenpour the Wine which ts 

in Cinto B, fo there is in C nothing, in B onely 

I pint, and in A 7 pints; Laftly, out of A fill the 

ot C: fothere. will remain in A 4 pints, or be 

but half full: then if the liquor in C be poured 

into B, it will bethe other half. In likemanner 

might be taken the half of a Veffel which contains 

12 pints, by having but the meafures 5 and 7, 

or sand 8. Now fuch others might be propo- 

fed; but weomit many, in oneand the fame na- 

ture. 
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PROBLEM x. 

To make a Stick ffand.upon the tip of ones Finger, 
without falling. AR | 

Aften the edges of two Knives, or fuch like, 
of equal poife, at the end of the Stick, lean- 

ing, out fomewhat from the Stick, fo that they 
may counterpoife one another; the Stick’ being 
fhatp at the end, and held upon the top of the 
Finger, will there reft without fupporting : if it 
fall, it muft fall together, and that perpen- 

| : dicular, or plumb- 
| wife, or it muft fall 
fide-wife, or before 

{one another ; in the 
firft manner it can- 
not.for the Centre of 

by the top of the 
-= Finger: and fecing 

that each part by the Knives is counterpoifed, it 
cannot fall fide-wife, therefore it can fall no wife. 

In like manner may great Pieces of Timber, as 
Joilts, ec. be fupported, if unto one of the Ends 
be applied convenient proportional Counterpoi- 
fes ; yea a Lance or Pike may ftand perpendicu- 
lar in the Air, upon the top of ones Finger : or 
placed in the midft of aCourt,by help of his Cen- 
tre of Gravity, eis 

Œramis 

| Gravity is fupported © 
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(Borer a 

Eramination. 

His Propofition feems doubtful for to imagine 
a abfolutely, that a Pike, ur fuch-like, armed 

ke, 4 with tro Knives, or other things, fhall ftand upright 
| in the air, and fo remain, without any other fupport, — 

y | Seetug that allthe parts have an infinite difference of 
bein, N° propenfity to falls and it is without queftion that à 
f the | Staff cannot be (a accommodated y pou bis Centre of 
ft À. Gravity, bat that it may incline to fome one part, 
père | without fome remedy to be applied, and fuch os is 
mb. | bere Specified in the Problem will uct warrant the 

Sa 

tell thing, nor keepit fromfalling; and if more Knives 
fore Should be placed about it, it fhould caufe it to fall 
nthe more fwiftly, forafmuch as the fuperiour part ( by 
tn. À reafon of the Centrical Motion.) is made more ponde- 
mmenf À Tor, and therefore lefs in reft. 

mated | To place therefore this Prop really , let the two 
{the |  Katves, or that which is for counter poife, be longer 

Gene 4 always than the Staff, and [0 it will bang together as 

fed, tt one body : and it will appear admirable if you place 
sii | te Centre of Gravity near the fide of the top of the 
het finger or point ; for it will then bang Horizontal, and 
Ends | Seem to bang onely by a touch ; yet more ftrange, if 
i i. À you turn the point or top of the finger xpfide-down. 

ndicly (f | 

x: Of à 
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PROBLEM XI. 

How a Milftone or other Ponderofity may be fupport- 

ed by a fmall Needle, without breaking or any 

wife bowing the fame. 

rizon, and the Centre of Gravity of the 

Stone be placed on the top of the Needle : it.1s 

evident that the Stone cannot fall, forafmuch as 

it hangs in equilgbra, or is counterpoyfed in all 

parts alike ; and moreover it cannot bow the 

Jeedle more on the one fide, then on the other 5 

the Needle will not therefore be either broken or 

bowed; ifotherwife, then the parts of the Nee- 

die muft penetrate and fink one with another ; 

the which is ablurd and impoffible to Nature : 

therefore it {hall.be fupported... The Experi- 

: Be a Needlebe fet perpendicular to the Hb- 

__ ments which are 

. made upon Trench- 
er-Plates, or fuch- 

like leffer thing, doth 
make it moft credi- 

ble in greater Bodies. 

Rees, But here efpeci- 

om a= ally is to be noted, 

— that the Needle 

ought to be uniform in matter and figure, and 

that it be ereéted perpendicular to the Horizon 5 

and lafily, that the Centre of Gravity be exactly 

found. 3 PRO- 
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PROBLEM XII. 

To make three Knives hang and move upon the pos. 

of a Needle. 

{t the three Knives in form of a Balance, and 

holding a Needle in your hand, place the 
back of that Knife = 
which lies crofs-wife 
to the other two,up-.{ 
on the point of the 
Needle, as the figure 
here fheweth you ; 
for then in blowing 
foftiy upon them, à: 
they will eafily turn 

and move upon the point of the Needle With- 
out falling. ; 

PROBLEM XI 

To find the weight of Smoak, which is exhaled of ary 
combuftible Body whatfoever. 

it be fuppofed that a great heap of Fa- 
gots, ot a load of Straw weighing 500 

oud fhould befired, it isevident that thisgrofs 
fubftance will be all inverted into i and 

Drag : 
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28 - Mathematical Recreation. 
afhés : now it feems that the fmoak weighs no- 

thing, (ceing it is of a thin fubftance now dilated 

in the Air, notwithftanding if it were gathered 

and reduced into thethickeft that it was at firft, it 

would be fenfibly weighty : weigh therefore the 

afhes which admit so pound : Now fceing that 
the reft of the matter is not loft, but is exhaled 

into fmoak, it mutt neceffarily be, that the reft of 
the weight (to wit, 450 pound) mutt be the 

weight of the Sinoak required. 

Exanination, 

N Ow although it bethus delivered, yet bere may 

be noted, that a Ponderofity in his own Me- 

dinm is not weighty: for things are {aid to be weigh- 

zy. when they are ont of their place or medium, and 

she difference of fuch Gravity, is according to tbe 

Motion : the fmoak, therefore certainly is light, being 

in its true medium (the Air) if it foould change bis 

Medium, then would we change our difcourfe- 

PROBLEM XIV. 

Many things being difpofed circular, (or otberwife) 

to find which of them any one thinks upon. 

G Uppote that having ranked 10 things, as AB 

CDEFGHIK, Circular, as (the Figure 

fheweth) and that one had touched or thought 
upon 

¥ 
| upon G 
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he thow 
ah he 
tobim 

ALLUVUUI 

| Knhe 
Tuer. 

À ont 

RU 
1D tu 

Won 



=> wv => 
co 

Mathematical Recreation, 29 
upon G, whichis the 7: ask the party at whae 
letter he would begin toaccount (for account he 
muft,otherwife it cannot be done) which fuppofe 
at E, whichis the 5 place, then add fecretly to 
this 5, 10, (which is the number of the Circle) 
and it makes 15, bid him account 15 backward * 
from E, beginning his account with that number 
he thought upon, fo 
at E he thallaccount 
to himfelf 7; at D ac- 
count 8, at C ac- 
count 9, &c Sothe 
account of 14 will 
exaCtly fall upon G, 
the thing or number 
thoughtupon : and ~~ 
fo of others: but to conceal it the more, you 
may will the party from E to account 2 5, 3 5:0 
and.it will be the fame. 

There are fome that ufe this play at Cards, tur- 
ned upfide-down, as the ten fimple Cards, with 
the King and Queen,the King ftanding for 12,and 
the Queen for 11 : and fo knowing the fituation 
of the Cards, and thinking a certain hour of the 
day, caufe the party to account from what Card 
he pleafeth ; with this Provifo, that when you 
fée where he intends toaccount, fet 12 to that 

| number, fo in counting as before, the end of the 
| account fhall fall upon the Card which fhall de- 
| Rote or fhew the hour thought upon, which be- 
ing turned up, will give grace to the ation, and 

| wonder to thofe that are ignorant in the caufe. 
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30  atbematical Recreation, 

PROBLEM XV. 

How to make a Door or Gate, which fhall open. on 

both fides. 

Ll theskill and fubtilty of this, refts in the 

artificial difpofure of four Plates of Iron, 

two at the higher end, and two at the lower end 

of the Gate: fo that one fide may move upon 

the Hooks or Hinges of the Pofts , and by the 

otherend may be made faft to the Gate ; and fo 

moving upon thefe Hinges, the Gate will open 

upon one fide with the aforefaid Plates or Houks 

of Iron : and by help of the other two Plates will 

open upon the other fide. | 

tr ees 

PROBLEM XVI. 

To [hew how a Ponderofity, or heavy thing, may be 

fupported upon the end of a Staff (or fuch-like ) 

upon a Table, and nothing holding or touching i. 

a Ake a Pail which hatha handle, and fill it 

full of Water, (or at pleafure) then take 

a Staff or Stick which may not rowl upon the 

Table, as EC, and place the handle of the Pail 

upon the Staff ; then place another Staff or Sticls 
under the Staff CE, which may reach from the 

| bottom 

alone 
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if it fall, it muft fall ,-- 
perpendicularly, or; | 
plumb - wife ; and 
that cannot be,feeing 
the Staff CE fup- 
ports it, it being pa- 
rallel to the Hori- fe 
zon,and fuftained by : - 
the Table : andit is 
a thing admirable, that if the Staff C E were 
alone from the Table, and thatend of the Staff 
which is upon the Table were greater and: hea- 
vier than the other, it would be conftrained to 
hanginthatnature, =| | 

Cramination. 

Ow without fome Experience of this Ptoblem, 
aman would acknowledge either a poffibility 

of impoffibility, therefore it is that very Tonchitone 
of Knowledge in any thing, to difcourfe firft if 2 
thing be poffible in Nature, and then éf it can be 
rought to Experience, and under Sence, without fee- 

ing itdone. Atthefirft, this Propofition feems tobe . 
abfurd, and impoffible. Notwith(tanding, being fup- 
ported with two Sticks , as the figure declareth, itis 
made facile: for the Horizontal Line to the edge of 
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2 Batheinatical Recreation. 
she Table, is the Centre of Motion’ and paffeth by 

she Centre of Gravity, which neceffarily fapporteth it. 

2. ee 

PROBLEM XVII. 

Of a deceitful Bewle to play withal. 

Akea hole in one fideof the Bowl, and caft 

L molten Lead therein, and chen make up 

the hole clofe, that the knavery or deceit be not 

perceived : you will have pleafure to fee that not- 

withftanding the Bowl is caft directly to the play, 

how it will carn away fide-wife: for that on that 

part of the Bowl which ts heavier upon the one 

fide than the other, it never will go truly right: 

if artificially it be not corrected 5 which will ha- 

zard the Game to thofe which know it not : but 

if it be known that the leady fide in rolling be al- 

ways under or above, it may 80 indifferently 

right; if otherwife, the weight will carry it al- 

ways fide-wile. , 

i PROBLEM XVII 

To part an Apple into 2,4, 8, or like parts, without 

breaking the Rind. 

Af a Needle and Thread under the Rind of / 

the Apple, and then round it with divers 

curnings, until you come to the place where you 
began 3 

Re LS 
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began ; then draw out the, Thread gently, and 
part the Apple into as many parts as you think 
convenient: :and:fo the parts may be taken out 
between thepatting of the Rind, and the Rind 
remaining always whole. 

PROBLEM XIX, 

To find a number thought upon, without asking of any 
queftion, certain operations being done. 

PB" him add to the number thought (as admit 
A 15) half of it, if it may be, if not, the 
greateft half, that exceeds the other but by an 
unite, which is 8; and it makes23. Secondly, 
urito this 23 add the half of it, if it may be, if 
not, the greateft half, viz. 12, makes 35 3 inthe 
mean time, note that if the number thought up- 
on cannot be halfed at the firft time, as here it 
cannot, then for it keep three inthe memory; 
‘if at the fecond time it will not be equally hal- 
ved, referve two in memory, but 1f at both 
times it could not be equally halved, then may 
you together referve five in memory: this done, 
caufe him from the Jaft fum, viz. 35, to fub- 
tract the double of the number thought, viz. 30, 
reft five, will him to take the half of that, if he 
can, if not) rejeét 1, and then take the half of 
the reft, which keep in your memory : then 
will him to take the half again , if he can, if 
not, take one from it, which referve in your me- 

| mory,; 
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mory, and fo perpetually halving until 1 remain # 

for then mark how many halfs there were taken, 

for the firft halfaceovnt 2, for the fecond 4; for 

the third 8, &e. and add unto thofe numbers the 

ones which you referved in memory : So there 

being « remaining in this Propofition, there were 

2 halvings: for which laft TY account 4; but be- 

caufeit could not exactly be balwed without re~ 

jeing of 1, Ladd the 1 therefore to this 4,makes 

5, which half or fum always multiplied by 4, 

makes 20. from which fubtra@ the firtt 3 and 2; 

becaufe the half could not be formerly added, 

leaves 15, the number thought upon. 

A Another Example. 

The number thought —- — 12 

The half of it --——_ 6 

The {an--———_—_—- —_ — ———- —— 18 

The half of 6-2] 19 

The fum of it nel ee ts ee Le 27 

The double of the, number- 24 

which taken away, refts --—__ —-—_— 3 

The half of it — —— : 

For which account-———— -~ ———— 2 

And .t put to it becaufe the 3 could not be 

halved, makes eae ‘ 3 

This multiplied by 4, makes —— 12 

which was the number thought upon. 

Another 
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Another Example. 

The number thought- wen een AE 
The greateft half PADI TAYE 
AE um=——_- 110 
The greateft half of which 18—————- 60 2 
The {um of it is ——— 179 
The double of 79 is. —___——_—-—_ 158 
Which taken from it refts-- —————— 2 1 
The leffer half 10, which halve :-- —-—---——~ 
The half of this is 5, which makes | 
The half of this is 2, whichis 10 

) The half of this is 1, with 10 and 11 is —21 
| . This 21 whichis the double of the laft half, 

with the remainder, being multiplied by 
4, makes 84, from which take the afore- 
faid 3 and 2, refts-- at aE NTS 

Which was the number thought upon. 

79 

re 

PROBLEM xx 

How to make an uniform and inflexible Body topafs 
through two fmall boles of divers forms, a6 one 
being circular and the other {quare, Quadrangu- 
lar, and Triangular-nife, yet fo that the boles 
Shall be exaéily filled. 

His Problem is extracted ftom Geometri- 
| cal Obfervations, and feems at the firft 

| fomewhat obfcure s yet that which may be ex- 
| D 2 tracted 



36 Mathematical Recreation. 
trated inthis nature, will appear more difhcult - 
and admirable. Now in all Geometrical Praëti- 
ces, the leffer ox eafier Problems do always make 
way to facilitate the greater: and the aforefaid 
Problem is thus refolved. Take a Cone or round 
Pyramide, and make a Circular hole in fome 
board, or other hard material, which may be 
équal to the Bafes of the Cone, and alfo a Tri- 
angular hole, one of whofe fides may be equal 
to the Diameter of the Circle, and the other two 
fides equal to the length of the Conc: Now it is 
moft evident, that this | 
Conical or Pyramidal 
Body, will fill up the 
Circular hole, and be- 
ing placed fide-wife, 
wall fill up the Trian- 
gular hole. Moreover 
if you caufe a body to 
be turned, which may 
be like to two Pyra- 
rides conjoyned, then yd 
if a Circular hole be pq | 
made, whofe Diameter is equall to the Diamete 
of the Cones conjoyned, and a Quadrangular 
hole, ‘whofe flopingfides be equal to the length 
of each fide of the Pyramide, and the breadth of 
the hole equal to the Diameter of the Circle, this 
conjoyned Pyramide fhall exactly fill both the 
Circular hole, and alo the Quadrangular hole, 

PRO- 
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hake | À 
id | PROBLEM:XxE 
und “À | OT « 

Ome À ow with one uniform Body oF fach-like', to fill 
y be 4 three feveralboles à of which the-one is round, the 

Th other a jult Square, and the third anoval form. » 
qual 4 1 | eit | 
two > | 5 

itis À: His Propofition feems more fubtil than the 

À former, yet it may be practifed two ways: 

For the frit, take a Cylindrical Body, as great or 

ef littlesas-you pleafe : Now it is evident that it 

| | will Alta Circulassholes which:is made cqual to 

| | the Bafis of it, it itbe placed’down right, and 

wilt-alfo;fill a long Square, whofe fides are equal 

unto the Diameter «and length of the Cylinder, 

and according’; f0. me, 

Pergeus, “Archimedess 

&c« in their Gylin- 

RE ne SSS SESS = 

drical .Demonfirati- 

— # ans, a true Oval is 
{ 

ameter made when a Cylin- 

colt À  deris cut flope- wiles 
it 

‘ino therefore if the Qyal 
hot | have breadth equal 
1, ths | Unto the Diameter of 
vt the | the Bafis of the Cy- 
side à linder, and any 

length whatfoever : 
the Cylinder being put into his own Oval hole, 
thall alfo exa@ly fill it. 
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38 Mathematical Recreation. 
The fecond way is thus: Make a circular hole 

in fome board, and alfo a fquare hole, the fide of 
which fquare may be equal to the Diameter of 
the Circle: and lafty, make a hole Oval-wife, 
whofe breadth may be equal unto the Diagonal 
of the Square; then let a Cylindrical Body be 
made, whofe Bafis may be equal unto the Circle, 
and the length equal alfo to the fame: Now be- 
ing placed down-right, fhall fall in the Circle, 
and flat-wife will fit the Square hole, and being 
placed floping-wife will fill the Oval, 

Eramination. 

On may note upon the laff two Problems far- 
Y ther, that if a Cone be cut Ecliptick-wife, it 
may pafs through an Iffocele Triangle, through many 
Scalen Triangles, and through an Elhpfis: and sf 
shere be a Cone cut fcalen-wife, it will pafs through 
allthe former; only for the Elipfis place a Circle : and 
further, if a folid Colume be cut Ecliptich-wife, tt 
may fill.a.Circles-a~Square, divers. Parallelograms, 
aud divers Eliples, which have different Diameters. 

PRO- 

a wt 

a 

iced 

nian ener 

Bhi Al. 

did my 
take at 

Vide ¢ 

Upon, 

will th 

with h 
which 

| the nop 
know 

thoug| 

Makes 
| there. 

| Tn E 

|: 

| 
| 

# 

(gl 

20; t 
Which 



fats 

wi | 
AN) | 

md À À 
mg | 
‘4h 

ft, i | 

a — = 

pp ams | 

merits 

Mathematical Recreation. 39 

PROBLEM XXII. 

To find a number thought upon, after another man- 

ner than what is formerly delivered. 

Id him that he multiply the number thought 

ED upon, by what number he pleafeth, then 

bid him divide that product by any other number, 

and then multiply that Quotient by fome other 

number; and that product again divide by fome 

other, and fo as often as he will: and here note, 

that he declare or tell you by what number he 

did multiply anddivide. Now in the fame time 

take‘ a number at pleafure, and fecretly multiply 

and divide as often as he did: then bid him di- 

vide the laft number by that which he thought 

upon. In like manner do yours privately, then 

will the Quotient of your Divilor be the fame 

with his, a thing which feems admirable to thofe 

which are ignorant of the caufe. Now to have 

the number thought upon without feeming to 

know the laft Quotient, bid him add the number 

thought upon to it, and ask him how much it 

makes : then fubtraét your Quotient from it, 

there will remain the number thought upon. 

For Example : Suppofe that the number 

thought upon were 5, multiply it by 4, makes 

20; this divided by 2, the Quotient makes 10, 

which multiplied. by 6, makes 60, and divided. 

ae D 4 by 
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10 atbematitalRecteation, 
by4, makes 15, in the fame time admit you 
think upon 4, which multiplied by 4, makes 16, 
this divided by 2, makes 8, which multiplied by 
6 makes 48, and diyided by 4imakes 12 3 then 
divide 15 by the number thought, which was 5, 
the Quotient is 3 5 divide alfo 12 by thenumber. 
you took, 2jz..4, the Quotient is alfo 3,\as was 
declared ; therefore if the Quotient 3 be added 
unto the number thought, viz. 5, it makes 8; 
which being known, the number thought upon 
is alfo Known. PACE 

PROBLEM XxIIL. 

To find out many numbers that fundry perfous, ov 
one man, hath thought upon. : 

F the multitude of numbers thought upon be 
| odd, as three numbers, five numbers, feven, 

éc. As for example’: Let 5 numbers thought up- 
on be thefe, 2,3,4 5,6, bid him declare the 
fm of the firft and fecond, which willbe 5, the ’ 
fécond and third, which makes 7, the third and 
fourth, which’ makes 9, the fourth and fifth; 
which makes11, aid fo always adding the two 
next together, ask him how much the firft and 
laft makes together, which is 8," then take thefe'! 
{iims and place them in order, and add all thefe ~ 
together which were in the odd places: ‘that is, 
the firft, third and fifth, viz. 5, 9, 8, makes 22. 
fn like manner add all thefe numbers together, 
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which are in the even places, that isin the fecond 

| and fourth places, viz. 7 and rr makes 18, fub- 
| tract this from the former 22, then there will 
| remain the double of the firft number thought: 
| Upon, viz. 4, which known, the reft is eafily: 

known: feeing you know the fum of the firft 
and fecond ; but if the multitude of numbers be 

| even as thefe fix numbers, viz. 2,3,4,5 6,7. caufe 
the party to declare the {um of each two, by ante- 

| cedent and confequent, and alfo the {um of the 
|, fecond and laft, which will be 5,.7,.9, 11, 13,10, 
| then add the odd places together,except the firft, 
| thatis, 9 and 13 makes 223.add alfo the even 
| places together, thatis 7,11, 10, which makes 
| 283 fubtract the one fromtheotheér, theré fhall 
| remain the double of the fecond number thought 

upon, which known, all the reft are known. 

PROBLE M:XXIV. 

How is it that a man in oneandthefame times may 
| cbave bis Head upward and bi Beet upward); be- 
| ing in one and the fame place’? | 

He Anfwer is very facil, for to be fo he 
muft be {uppofed to be in the Centre of the 

Earth: for as the Heaven is above on every fide, 
Colum undique furfum, all that which looks to 
the Heavens, being diftant from the Cen tre,is up- 
ward and it is in this fenfe that Mawrolycus 

in 
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in his Cofmography.and firft Dialogue, reported 

of one that thought he was led by one of the 

Mules to Hell, where he faw Lucifer fitting in 

the middle of the World, and in the Centre of 

the Earth, as in a Throne, having his Head and 

Feetupward. | 

PROBLEM XXV:- 

Of 4 Ladder by which two men afeending at one 

time, the more they afeend the more th
ey {pall be 

afunder, notwithftanding one being as high as 

another. | ( 

T His is moft evident, that
 if there werea Lad- 

B der half on this fide of the Centre of the © 

earth, and the other half on the o
ther fide : and 

that two at the Centre of the World at one in- 

ftant being to afcend, the one towards us, and 

the other towards our Antipode
s, they fhouldin 

afcending go farther & farther,o
ne from anothers 

notwithftanding, both of them are of like height. 

PRO- 
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PROBLEM XXVEL 

How it 5 that a man having but a Rod or Pole of 
Land, doth, brag that be may ina right line pafs 

from place to place above 3000 miles. 

He opening of this is eafic, foralinuch as he 
T that poffeffeth a Rod of Ground, poffefféth 
not only the exterior furface Of the earth, butis 
Mafter alfo of that which extends even to the 
Centre of the Earth, and in this wife all Herita- 
gcs and Poffeflions are as {0 many. Pyramides, 
whofe fummets or points mect in the Centre of 
the Earth, and the Bafis of them are. nothing elfe 
but each mans poffeffion, field, ox viliblequantitys 
and therefore if there were made or. imagined: fo. 
to be made a defcent. to go to the bottom of the. 
Heritage, which would reach to the Centre of the. 
Earth, it would be above 360o-miles in, a right 
line, as before, 

tm. 

PROBLEM, XXVIL. 

Sutton nt nt 

How it u that a man flanding,upright, and looking. 
which way he will, he Looketh either true Nowthiog? 
true South. 

ip His happeneth if the party, be. under either of 
the Poles; for if he.be under the North: 

pole, then looking any way he looketh Suuth, be- 
caufe 
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44  atbematical Recveation. 
caufe all the Meridians concur in the Poles of the 

World ; and if he be under the South-Pole, he 

looks directly North by the fame réafon. 

ei | 

ace 

PROBLEM XXVIII. _ 

To tell any one what number remains after certain 

© operations being ended, without asking any queftion- 

Bi him to think upon a number, arid will him 

to multiply it by what number you think. 

convenient: and to the produ&.bid him add 

what number you pleafe, provided that fecretly 

you confider,that it may be divided by that which 

multiplied, and then let him divide the fum by 

the number which he firft multiplied by,and fub- 

tra from this Quotient the number thought 

upon: ' In the fame time divide apart the number 

which was added by that which multiplied, fo, 

then your Quotient fhall be equal to his Remain- 

der; wherefore without asking him any thing, 

you fhall tell him what did remain, which will 

feem ftrange to him that knoweth not the caute. 

For Example : ‘Suppofe he thought 7, which 

multiplied by 5 makes 35, to which add 10,, 

makes 45, which divided by 5, yields 9, from 

which if youtakeaway 1; the number thought, 

(becaufe the Multiplier divided by the Divifor 

gives the Quotient 1) the reft will be 25 which 

will be alfo proved, if 10, the number which 
was added, were divided by 5, vz 2- 

PRO- 
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PROBLEM XXIX. 

Of ‘the Play with two feveral things 

10 isa pleafure to fee and confider how the Sci- 
ence of Numbers doth furnifh us not onely 

with {ports to recreate the Spirits;but alfo brings 
us to the knowledge of admirable things, as hall 
in fome meafure be fhewn in this enfuing Pro- 
greflion. In the meantime, to produce always 
fome of them: Suppofe thata man hold divers 
thingsin his hand, as Gold and Silver, and in one 
hand he held the Gold, and in the other hand he 
held the Silver: to know fubtilly, and by wayof 
divination, or artificially, in which hand the 
Gold or Silveris; attribute tothe Gold, orfup- 
pofe it to have a certain price, and fo likewife at- 
tribute to the Silver another price, conditionally 
that the one be odd, and the other even.. As for 
example : Bid him that the Gold be valued at 4 
Crowns, or Shillings, and the Silver at 3 Crowns 
or Shillings, or any other number, fo that one 
be odd, and the other even, asbefore ; then bid 
him tripple that.which is in the.right hand, and 
double that which is: in the left hand, and bid 
him add thefe two products together, and: ask 
him if it beeven or odd ; if it beeven, then the 
Gold is in the righthand; if odd, the Goldisin 
the left hand. | 
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PROBLEM Xxx. 

Two numbers being propofed unto ts feveral par- 
ties, to tell which of thefe numbers is taken by 
each of them: 

§ for Example: Admit you had propofed 
if untotwo men;whofe names were Peter and 
Fobn, two numbers or pieces of money, the oné 
even, and the other odd, as 10 and 54 and let the 
one of thern take one of the numbers, and the 
other party take the other number, which they 

_ place privately to themfelves: how artificially, 
according to thé congtuity and excellency of 
numbers; to find which of them did take 10; and 
which 9, without asking any queftion : and this 
feems moft fubtil, yet delivered howfoever dif- 
fering little from the former, and is thus per- 
formed : Take privately to your felf alfo two 
numbers, the one even and the other odd, 45 4 
and 33 then bid Perer that Ke double the num- 
ber which he took, and do you privately double 
alfo your greateft number ; then bid Fobz to trip- 
ple the number which he hath , atid do you the 
like upon your laftnumber : add your two Pro- 
duéts together, and mark if it be even or odd, 
then bid the two parties put their numbers toge- 
ther, andbidthem take the half of it, which if 
they cannot do, then immediately tell Peter he 
took 10, and Fobu 9, becaufe the aperegate of 3 

ouble 

thereto 
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double of 4; and the tipple of 3; makes odd and’ 
füch would be the aggregate or fum.of the dou- 
ble of Peters number and Fobas number; if Perer 
had taken 103 ifotherwife, then they tnight have 
taken half, andfo Fobn fhould have taken ro, 
and Peter 9 : As fuppofe Peter had taken 10; thé 
double is 20, and the tripple of 9; the othér num: 
ber, is 27, which put together makes a7, odd : 
in like manner the double of your number con: 
ceived in mind, viz. 4 makes 8; and the tripple oF 
the 3, the other number makes 9, which fet toge. 
ther makes 17, odd. Now youcannot take the 
half of 17 nor47, which argueththat Peter had 
the greater number, for otherwife the double of 
9 is 18, and the tripple of ro is 30; which fet 
together makes 48, the half of it may be taken ; 
therefore in fuch cafe Peter took the lefs number, 
and Fobu the greater : And this being done clean- 
ly, carries much grace with it. 

PROBLEM xxXxI. 

How to defcribe a Circle that fhall touch 3 Points, 
placed howfoever upon a plain, if they be not in a 
right lines | 

| Ce the three points be A BC, put'one foot 
of the Compafs upon A, and déferibe an 

Arch of a Circle at pleafüre ; and placed at B crofs: 
that Arch in the two points EandF, and placed 
in € crofs the Arch in G and H, thén lay aRu- 

ler 
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48. athematital Recreation. 
ler upon G H, and drawa Line, and placea Ru- 

ler upon E and F, cut the other Line in K, foK 

asthe Centre of the Circumference of a Circle, 

which will pafs by esos 

the {aid three points Ms 

ABC, or it may be 
inverted , having a 
Circle drawn 3: to 
find. the Centre of 

that: Circle» make 
three: points in the 
Circumference, and 

then ufe the fame way; fo fhall you have the 

Centre: athing moft facil co every PraCtitiones 

_ inthe Principles of Geometry. 

PROBLEM XXXIT. 3 

How to change a Circle into a Square Forme 

Ake a Circle upon Paft-board, or other 

material, as the Cirle ABCDE, 

of which A is the Centre 5 then cut it into 

four quarters , and difpofe them fo, that A, 

at the Centre of the Circle, may always. be 

at the Angle of the Square » and fo the four 

quarters of the Circle being placed fo, it will 
make 
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make a perfect = ef ee 
Square;whofe fideA 51 sO 
A.is equal to the Di- | 
ameter BD. Now 
here is to be noted 
that the Square is 
greater than the Cir- 
cle by the vacuity in | | 
the middle; oi. Mi > Se 

PROBLEM XxXxIll. 

With one and the fame Compaffis, and at 
one and the fame extent or opening, bow to de- 
Scribe many Circles Concentrical, that is, greater 
or leffèr one than another: , 

T is not without caufe that many admire how 
this Propofition is to be refolved 5 yea, in the 

Judgment of fome it is thought impoflible, who 
confider not the Induftry of an Ingenious Geo- 
metrician, who makes it poflible, and that 
moft facil, fundry ways: for in the firft place, 
if you make a Circle upon a fine Plain, and 
upon the Centre of that Circle a {mall peg 
of Wood be placed , to be raifed up and put 
down at pleafure, by help of a {mall hole made 
in the Centre, then with the fame opening of 
the Compañles you may deferibe Circles, Con- 

E centrical, 
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centrical, that is, one greater or leffer than atio- 

ther ; for the higher the Centre is lifted up; the 

leffer the Circle will be. Secondly, the Com- 

pafs being at that extent upon a Gibbous body, a 

Circle may be defcribed, which will be lefs than 

the former, upon aPlain, and more artificially 
.+ upon a Globe, or 

round Bowle : and 
this again is moft 
obvious upon a 
Round Pyramide, 
placing the Com- 
paffes upon the top 
of it, which willbe 
far lefs than any of 
the former; and this 

is demonftrated by the Twentieth Propofition of 

the firft of Exclids, for the Diameter ED is 

le(s than the Lines A D, AE, taken together and 

the Lines AD, AE, being equal to the Diame- 

ter BC, becaufe of the fame diftance or extent 

of opening the:Compaffes, it follows that the 

Diameter É D; and all his Circles together, is 

much lefs than the Diameter and the Circle BC, 

which was to be performed. | 

-PRO- 
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PROBLEM XXXIV: 

Any numbers under 10, being thought upon, to find 
what numbers they were. 

T Et the firftnumber be doubled, and unto it 
, add 5, and multiply that fum by 5, and un- 

to it add 10, and unto this product add thenext 
number thought upon; multiply this fame again 
by 10, and add unto it the next number, and{o: 
proceed: Now if he declare the laft fum, mark 
if he thought but upon one figure, for then fub- 
exact onely 35 from it, and the firft figure in the: 
place of tens is the number thought upon :) if 
he thought. upon two figures,. then fubtract alfo. 
the faid 35 from;his laft fum, and the two. fi- 
gures which remain are the number thought up- 
on: if he thought upon three figures, then fub- 
tract 350, and then the firft three figures are the 
numbers thought upon, ec. fo if one thought 
upon thefe numbers, 5,7, 9,6, double the firft, 
makes 10, to which add 5, makes 15, this mul-: 
tiplied by 5 makes 75,-to which add 10, makes 
85, tothis add the next number,, viz. 7, makes, 
92, thismultiplied by 10, makes 920, to which 
add the next number, zzz 9, makes 929, which’ 
multiplied by ro, makes 9.90, to which add 6, 
makes 9296, from which fubtract 3 400, refteth 
5796, the four numbersthought upon: “Now 
becaufe the two laft figures are like the two num- 

DR ee bers 
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bers thought upon : to-conceal this, bid him take 
the half of it, or put firft 12, or any othernum- 
ber to it, and then it wil] not be fo open. 

5s 

PROBLEM XXXVe 

Of the Play with the Ring. 

Aaet a company of nine or ten perfons, 
one of them having a Ring, or fuch-like, 

to find out in which Hand, upon which Finger 
and Joynt itis ; this will caufe great aftonifhment 
toignorant Spirits, which will make them be- 

lieve that he that doth it works by Magick, or 

Witcheraft: But in effect it is nothing elfé but a 

nimble AG of Arithmetick founded upon the 

precedent Problem: for firft, it is fuppofed that 
the pérfons ftand or fit in order, that one is firft, 

the next fecond, &c. likewife there muft be ima- 

gined,that of thefe two hands the one is firft, and 

the other fecond ; and alfo of the five fingers, the 
one is firit, the next isfecond ; and lafily, of the 

joynts, the one is as 1, the other is as 2, the other 

483, @e from whence it appears that in perfor- 

ming this Play theré is nothing elfe ro be done 

than to think four numbers. For example: if the 

fourth pérfon had'the Ring in his left hand, and 

upon the fifth finger and third joynt, and I would 

divine and find it out, thus I would proceed,as in 

the XXXIV Problem, in caufing him to double 

the fixft number, that is, the number of perfons 
which 
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mathematical Recteation: 53 
which was'4; and it makes 8,:to which addé5 
makes 13; this multiplied by 5 makes 65, put 
10 to it makes 75, Into this put 2 for thenum- 
ber belonging to the left hand, ‘and fo «it'makes 
977, which multiplied by ro makes 770, to this 
add the number ‘of the fingers upon which’ the 
Ring is, dix. 8, makes 775, this multiplied’ by 
10 makes 77 50, to which add the number for the 
joynt upon which the Ring ‘is, viz. the third 
joynt, makés 7753; to which caufe him to’add 
14,0rfome' other number,toconceal it the better, 
andit makes 7767: which being declared unto 
you, fubtract 3 514,and there will remain 4,2,5,3, 
which figures in order declares the whole myfte- 
ry of that which isto be known: 4 fignifieth the 
fourth perfon, 2 the left hand, 5 the fifth finger, 
and 3 the third joynt of that finger. 

een ies eal 

PROBL EM “XXXVI. 

The Play of 34,,0r more Dice. 

ry Hat whichis faid of the two precedent 

Problems, may béapplied to this of Dice, 

(and) many other’ particular things) to find 
what numbér appeareth upon each Dice, being 

caft by fomé ont: for the points that are upon 

any fide of a Dice are always le(s than 10, and 
the Points of each fide of a Dice may be taken 

for a number'thought upon :' therefore the Rule 

3 rae will 
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willbe as the former: As for example, one ha- 

: ving thiown.three Dice, and you would declare 

‘the numbers of each one, or how much they make 
together, bid him double the-points of one of the 
Dice, to whichbid him ‘add 5, then multiply 
that by 5, and to itadd 10, and to the fum bid 
him add the numberof the fecond Dice, and 
multiply that by 10:, laftly, to this bid him add 

the number of the:laft Dice, and then Jet him de- 

clare the whole number : then if fromigyou fub- 
tract 350, there will remain the number of the 
three Dice thrown. 

PROBLEM XXXVII. 

How to make Water in a Glafs feem to boyl and 
' fparkle. : 

Ake a Glafs near full of Water, or other li- 
À quor, and fetting one hand upon the foot 

of it, to hold it faft’: turn flightly one: of the fin- 
gers of your other hand upon the brim or edge of 
the Glafs ; having before privately wet your fin- 
ger, and fo pafling foftly on with your finger in 
prefling a little: for then firft the Glafs will begin 
to make a noife ; fecondly, the parts ofthe Glafs 
will fenfibly appear to tremble, with notable rare- 
fattion and condenfation : thirdly, the Water will 
fhake, feemtoboyl,; fourthly, it-willcaft it felt 
out of theGlafs, and leap out by fmall drops; 
with great aftonifhment to the tanders by ; if 
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Mathematical Recreation, 35 
they be ignorant of the caufe of it, which is only 

in the RarefaGtion of the parts of the Glals, oc- 

cafioned by the motion and preflure of the 
Finger. 

——— 
LE ner posn aes k + 

Œraminafion, 

a He caufe of this is not in the Rarefatiion 
of the parts “of the Glafs, bat ut i ra- 

ther in the quick local Motion of the Finger, for rea- 

fon foeweth us that by bow much à Body drameth 
nearer to a quality, the lefs its fubjedt or capable of 

another whichis cintrary unto it: Now Condenfation 
and Rarefattion are contrary Qualities, and in this 

Problem there are three Bodies confidered, the Glafs, 
the Water, antl ihe Air, now it i evident that the 
Glaf¥ being the moft folid and impenitrable Body is 

lefs fubje& and capable of Rarefattion than tbe Wa- 

ter, the Water 5 lefs fubject than the Air, and if 
therebe any Rarefaüion, it is rather confiderable in 

the Air than in the Water, which is infcribed by the 

Glafs, and above the Water, and ratber in the Wa- 

ter than in the Glafs : The agitation, or the tremb- 

ling of the parts of the Glafs to thefenfe appears not: 
for it is 2 continued Body 5 if in part, why then not 

in the whole ? and that the Water turns in the Glafs, 

this appears not x but onely the upper continuous parts 
of the Water ; that at the bottom being lefs fubjeci 
to this agitation: and it % moft certain that by how 

much quicker the Circular’ Motion of tht Finger upon 
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ss mathematical Recreation. 
the edge of the Glafs is, by fo much the more fhall 
the Air be agitated, and fo the Water fhall receive 
fome apparent Affection more or lefs from it, accor 
ding to that motion: as we fee from the quicknefs of 
wind upon the Sea, or calm thereof, that there is a 
greateror leffer agitation in the Waters and for 
farther Examination ,\we leave it to the fearch of 
thofe which are Curious. \ 

/ 

PROBLEM XxxVIIL 

Of a fine Veffel which bolds Wine or Water, being 
café into it at a certain height, but being filled 
higher, it willrun out of its own accord 

HW Etthere bea Veflel AB CD, in the middle 
of which place a Pipe, whofe ends both a- 

bove at E, and below at the bottom of the Veffel, 
as at F, are open; let the end E be fomewhar 
lower than the brim of the Glafs: about this 

- Pipe place another Pipe, as HL, which mounts 
a little above E, and let it moft diligently be clo- 
fed at H, that no Air enter in thereby, and this 
Pipe at the bottom may have a {mall hole to give 
paflage unto the Water ; then pour in Water or 
Wine, and as longas it mounts not above E, it 
isfafe ; but if you pour in the Water fo that it 
mount aboye it, farewel all, for it will not ceafe 
until it be all gone outs the fame may be done 
in difpofing any crooked Pipe ina Veffel in the 
manner of a Faucet or Funnel, as in the Figure 

? 
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mathematical Recreation. §7 
H; for all it under H at pleafure, and all will 
go well; but if you fill it unto H you will {ce 
tine fport, for 
then all the 
Veffel will be 
empty incon» 
tinent, andthe °'¥ 
{ubtilty of chis 
will féem more 
admirable , ‘1£ , 
you. conceal: ' 
the Pipe by a 
Bird, Serpent, or fuch-like, in the middle of the 
Glafs. Now the reafon of this is not dificult 
to thofe which know the nature of a Cock or 
Faucet : for it js a bowed Pipe, one end of which 
15 put into the water or liquor, and fucking at the 
other end until the Pipe be full, then will it run of 
it felf, and it js a fine Secret in Nature to fee, 
that if the end'of the Pipe which is out of the wa- 
ter, be lower than the water, it will run out 
without ceafing ; but if the Mouth of the Pipe 
be higher than the water, or level with it, it will 
not run, although the Pipe which is without be 
many timesbigger than that which is within the 
water: for itis the property of Water to keep 
always exaétly level! 
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58 Mathematical Recreation. 

Evamination. 

Ere is to be noted, thatif the face of the Wa- 
ter without bein one and the fame Plain with 

that which is within, though the outermoft Pipe be 
ten. times greater than that which à within, the Wa- 
ter naturally will not runs but if the Plain of the 
Water without, be any part lower thanthat which is 
within, it will freely run. And bere may be noted 
further, that if the Mouth of the Pipe which is full of 
Water doth but onely touch the Superficies of the Wa- 
ter within, although the other end of the Pipe with- 
out be much lower than that within the Water, it will 
got run at all, which contradicts the firlt ground: 
Hence we gather that the preffwre or ponderofity of 
the Water within, is the caufe of running in fome 
refpect. 

PROBLEM XxxIx. 

Of a Glafs very pleafant. 

Ometimes there are Glafles which are made 
of a double fafhion, as if one Glafs were 

within another, fo that they feem but one, but 
there is a little fpace between them. Now pour 
Wine or other Liquor between the two se by 
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help of a Tunnel, into a little hole left to this 
end, fo will there appear two fine delufions or 
fallacies; for though there be not a drop of Wine 
within the hollow of the Glafs, it. will feem to 
thofe which behold it that itis an ordinary Glafs 
full of Wine, and that efpecially to thofe which 
are fidewife of it ; and if any one move it, it 
willmuch confirmit, becaufe of the motion of 
the Wine; but that which will give moft delight, 
is, that if any one fhall take the Glafs; and put- 
ting it to his mouth (hall think to drink the Wine; 
inftead of which he fhall fup the Air, and {o will 
caufe laughterto thofe that ftand by, who being 
deceived, will hold the Gla(s to the light, and 
thereby confidering that the Rayes or Beams of 
the Light are not reflected to the Eye, as they 
would be, if there were a liquid fubftance in the 
Glafs, hence they have anaffured proof to con- 
clude that the hollow of the Glafs is totally 
empty. 

PROBLEM XL. 

If any one fhould bold in each hand as many pieces of 
money as inthe otber,how to find bow much theres. | 

B” him that holds the money that he put 
#2: out of one hand into the other what num- 
ber you think convenient, (provided that it may 
be done) this done, bid him that out of the hand 
that he put theother number into,that he take i 
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60 Mathematical Recreation. 
of it as many as remain in the other hand and put 
it into that hand : for then be affured that in the 
hand which was put the firft taking away, there 
will be found juft the double of the Number ta- 
ken away at the firft. Example: Admit there were 
in each hand 12 Shillings or Counters, and that 
out of the right hand youbid him take 7, and put 
it into the left: and then put into the right hand 
from the leftas many as doth remain in the right, 
which is 5, fo there will be in the ieft hand r4, 
which is the double of the number taken out of 
the right hand, to wit 7, then by fome of the 
Rules before-delivered, it is eafie to find how 
much isin the right hand, viz. ro, 

PROBLEM XLI. 

Many Dice being caft, how artificially to difco”er the 
number of the points that may arife, 

Gere any one had caft three Dice fecretly, 
bid him that he add the points that were up- 

moft together : then putting one of the Dice apart 
unto the former {um add the points which are un- 
dex the other two, then bid him throw thefetwo 
Dice,and mark how many points ‘a pair are up- 
wards, which add unto the former {um: then put 
one of thefe Dice away, not changing the fide; 
mark the points which are under the other Dice, 
and add it to the former fum : laftly, throw that 
one Dice,and whatfoever appears upward add it 
unto the former fum, and let the Dice Bye 
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Mathematical Becteatiow, 6x 
thus : this done, coming tothe Table, note what 
points do appear upward upon the 3 Dice, which 
add privately together, andunto itadd 21, or3 
times 7 : fo this Addition or fum fhall be equal to 
the fum which the party privately made of all the 
operations which he formerly made. As if he 
fhould throw 3 Dice, and there fhould appear up- 
ward 5,3 ,2,the fum ofthemis 10,and fetting one 
of them apart,(as 5 junto 10 add the points which 
are under 3 and 2, which is 4and 5, and it makes 
19; then cafting thefe 2 Dice, fuppofe there 
fhould appear 4 and 1, thisadded unto 19 makes 
24, and fetting 1 of thefe 2 Dice apart, as the 4 
unto the former 24, Tadd the number of points 
which is under the other Dice, viz. under 1, that 
18 6, which makes 30. Laft of all, I throw that 
1 Dice, ‘and fuppofe there did appear 2, which I 
add to the former 30, and it makes 32, then fea- 
ving the 3 Dice thus,the points which are upward 
will be thefe, 5,4,2, unto which add fecretly2r, 
(as before was faid) fo have you 32, the fame 
number which he had; and inthe fame manner 
you may practice with 4,5,6 or many Dice’ or 
other Bodies, obferving onely that you muft add 
the points oppofite of the Dice, for upon this de- 
pends the whole demonftration or fecret of the 
play ; for alway that which is above and under- 
neath makes7 : but if it make another number, 
then muft you add as often that number. 

PRO- 
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62, Mathematical Recreation. 

PROBLEM XLII. 

Two Metals, as Gold and Silver, or of other kind, 

weighing alike, being, privately placed into two 

like Boxes, to find which of ttm the Gold or Sil- 

ver the 

T is faid that an Emperoux was requefted by 
one of his Setvants, after he had long time 

remained with him, to aflign him fome Reward : 
to which after.a few days the Emperour conde- 
{cended, and caufed him tocome into his Treafu- 

ry, where hehad prepared two Boxes, one full of 
Gold; and the other full of Lead, both weigh- 

ing, and of form and magnitude alike : and bid 

him chufe which he would have. : Now many 

think that in this Problem one muft be. guided 

only by Fortune in this Choice, and it is that 

which moft makes aman happy in fucha Choice : 

but the want of knowledgecaufeth them fo to 
judge which know not otherwife., A Mathema- 
tician accounts it an eafie Propofition, and will 

infallibly chufe the Cheft of Gold,, andleave the 
Cheft of Lead, without citherbreaking or open- 
ing any of the Chelts, and not go by chance and 
fortune : for if he may be permitted to weigh 
thofe Chefis firft in the Air, then in the Water, 1t 

is a thing clear by the proportion of Metals, and 

according to the Principles of Archimedes that 
the Gold fhall be lefs weighty by his eighteenth 
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mathematical Recreation, 63 
part, and thé Lead by his eleventh part, where- 
fore there may be gathered in which is the Gold, 
and in which is the Lead. 

But becaufe that this experiment in Water 
hath divers Accidents, and therefore fubjeét to a 
caution; and natnely becaufe the matter of the 
Cheft; metal, or other things, may hinder. 

Behold here a more fubtiland certain inven- 
tion to find and difcover it out, without weigh- 
ing it in the Water: Now Experience and Rea» 
fon fheweth us, that two like Bodies or Magni- 
tudes of equal weight, and of: divers Metals, 
are not of €- = 

qual quantity: + | 
and feeing that ! 
Gold is the 
heavieft of all : 
Metals, it will : 
occupy lefs?' 

room or place; | 
from which: 
will follow 
that the like weight of Lead in the fame form, 
will occupy or take up more room or place. Now 
let there be therefore prefented two Globes or 
Chefts of Wood, or other matter alike, and equal 
oneto the other, in one of whichin the middle 
there is another Globe or body of Lead weighing 
12 pound, (as C) arid in the other a Globe or like 
body of Gold weighing 12 pound (as B.) Now 
it is fuppofed that the Wooden Globes or Chefts 
are of equal.weight, form, and Magnitude: and 
to difcover which the Gold or Lead is in, take : 

broa 
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broad pair of Compaffes, and, clip one of the 

Coffers or Globes fomewhat from the middle, as 

at D; then fix in the Cheft or Globe a {mall piece: 

of Iron between the feet.of the Compañles, ‘as 

E K, at the end of which hang a weight G, fo! | 

that the other end may be counterpoyfed, and aire 

hang in equilibrio: and, do the like to the other, | i 

Cheftor Globe. Now if that the otherCheftor | bal 

Globe being clipped in like diftance fromthe end) | à 

and hanging at the other end the fame weight G, 

there be found no difference, then clip them nea- 

rer towards the middle, that fo the points of the 

Compafs. may be againft fome of the Metal 

which isinclofed ; or juft againft the extremity, 

of the Gold as in D, and fuppofe it hang thus in 

eguilibrio, it is certain that in the other Coffer is 

the Lead 3 for the points of the Compafles being; 

advanced as much as before, as at F,, whichtakes 

up a part of the Lead/(becaufe it occupies a grea- 

ter place thari the Gold) therefore that fhall help. 

the Weight G to weigh, and fo will not hang in 

equilibrio, except G be placed near tok. Hence 

we may concludethat there is the Leads and in 

the ether Cheft or Globe there is the Gold. 
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Mathematical Recreation, 65 

Examination. 

a“ the two Boxes being of equal magnitude weighed 
in the Air be found to be of equal weight, they 

fhall neceffarily take up like place in the Water, and 
therefore weigh alfo one a much as another : 
Hence there is no poffibility to find the Inequality of 
the Metals which are inclofed in thefe Boxes in the 
Water: theintention of Archimedes was not upon 
contrary Metals inclofed in equal Boxes, but 
confifted of comparing Metals, fimple in the Water 
one with another. ‘Iberefore the Inference is falfe 
and ablurd. ) 

PROBLEM XLII. 

Two Globes of diverfe Metals, ( as one Gold, and 
the other Copper) yet of equal weight, being put 
into a Box, 45 BG, to findin which end the Gold 
or Copper We | 

T His is difcovered by the changing of the 
places of the two Bowles or Glcbes having, 

the fame Counterpoife H to be bung atthe o- 
ther fide, as in N3 and if the Gold which is 
the leffer Globe, were before the neareft to the 
handle DE, having now changed his place, will 
be fartheft from the handle DE, as in K ; 

F there- 
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66 Mathematical Recreation. 
therefore the Centre of Gravity of the two Globes 
taken together, fhall be farther feparate from the 

— middleof the handle 
(under which is the 
Centre of Gravity of 
the Box) than it was 
before, and feeing 
that the handle ts al- 
ways in the middle 
of the Box, the 
weight N- muft be 

: augmented , to keep 

it in equilibrio: and by this way one may know, 
that if at the fecond time, the counterpoife be 
too light, it is a fign that the Gold is fartheft off 
the handle, as at the firft trial it was nearcft. 

PROBLEM XLIV. 

How to reprefeut divers forts of Rainbows here be- 

low. 

He Rainbow is a thing admirable in. the 
von which ravifheth often the Eyes and 

Spirits of men in confideration of its.rich inter- 

mingled colours which are fecn under the Clouds, 

feeming as the gliftering of the Stars, precious 

Stones, and Ornaments of the moft beauteous 

Flowers: fome part of it as the refplendent Stars, 

or as a Rofe, or burning Cole of fire, in it one 
may fee Dyes of fundry forts, the Viclet, the 
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Mathematical Recreation, 67 
Blew,the Orange, the Saphir, the Jacinét, and the 
Emerald colours, as a lively plant placed in a green 

Soil: and as a moft rich Treafure of Nature, it 

is a high work of the Sun who cafteth his Rays or 

Beams as a curious Painter draws ftrokes with 

his Pencil, and placeth his Colours in an exqui- 
fite fituation ; and Solomon faith, Ecclef.4.3. Ut is 

a chief and principal Work of God. Notwith- 

ftanding there is left to induftry how to reprefent 

it from above here below, though not in perfe- 

ction, yet in part, with the fame intermixture of 

colours that is above. 
Have you not feen how by Oars of a Boat it 

doth exceeding quickly glide upon the Water 

witha pleafant grace ? Ariffotle fays, that it co- 

loureth the Water, and makes a thoufand atoms, 

upon which the Beams of the Sun reflecting, 

make a kind of coloured Rainbow : Or may we 

not fee in Houfes or Gardens of pleafure Artifi- 

cial Fountains, which pour forth their droppy 

Streams of Water, that being between the Sun 

and the Fountaiñ,-there will be prefénted as a 

continual Rainbow? But not to go farther, I 

will fhew you how you may do it at your Door, 
by a fine and facil Experiment. 

Take Watét in your Mouth, and turn your 

Back to the Sun, and your Face againft fome ob- 

{cure place, then blow out the Water which is in 

your Mouth, that it may be fprinkled in {mall 

Drops and Vapouts : You fhall {ce thofe Atomes 
Vapours in the Beams of the Sun to turn into a 
fair Rainbow, but all the grief is, that it lafteth 

not, but foon is vanifhed. he. 
OR ¥. "But 
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68 Mathematical Recreation. 
But to have one more ftable and permanent in 

his colours: Take a Glafs full of, Water, and 

expofe it tothe Sun, fo that the Rays that pafs 

through ftrike upon a fhadowed place, you will 

have pleafure to fee. the fine form of a Rainbow 

by thisrefletion., Or take a Trigonal Glafs or 
Cryftal GlaGof divers Angles, and look through 
it, or let the Beams of the Sun pafs through its 

or with a Candle let the Appearances be received 
upon a fhadowed place : you will have the fame 
contentment. 

PROBLEM XLV. 

How that if all the Powder in the world were inclo- 
fed within a Bowl of Paper or Glafs, and being | 
fired on all parts, it could not break that Bowl. 

F the Bow! and the Powder be uniform in al! 
his parts, then by that,means the Powder 

would prefs and move equally on each fide, in 
which there is no.poffibility whereby it ought to 
begin by one fidemore than another. Now it is 

-impoflible that the Bow! fhould be. broken in all 
its parts, for they are infinite, 

Of like finenefs or fubtilty may it. be thata 
Bow! of Iron falling from a high place upon a 
plain pavement of thin Glafs, it were impofli- 
ble any wife to break it ; if the Bowl were per- 
fe&ly round, and the Glafs flat and uniform in 
all his parts: for the Bowl would touch the Glafs 

but 
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mathematical Recreation. 69 

but in one point, which is in the middle of in- 

finite parts which are about it : neither is there 
any caufe why it ought more on one fide than on 

another, fceing that it may not be done with all 

his fides together; it may be concluded as fpeak- 

ing naturally, that {uch a Bowl falling upon fuch 

a Glafs will not break it. But this matter is meer 

Metaphyfical, and all the Workmen in the world 

cannot ever withall their Indaftry makea Bowl 

perfectly round, ‘or a Glafs unitorm. 

PROBLEM XLVI. 

To find’ a number which being divided by 2, there 

will remain 13 being divided by 3, there will re- 

wain 15 and fo likewife being divided by 4, 5,0r 

6, there would ftillremain 1 ; but being divided 

by 7, there willrematn nothing. 

lé many Authors of Arithmetick this Pro- 

blem is thus propofed : A Woman carrying 

Egges to market in a Basket, met an unruly fel- 

low who broke them, who wasby order made to 

pay forthem: and fhe being demanded what 

number (he had, fhe could not tell : but fhe re-: 

membred that counting themby 2 and 2, there 

remained 13 likewife by 3 and 3, by 4 and 4, 

by sands, by éand 6 3 there fiill remained 1, 
RE bat 
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70 Mathematical Recreation. 
but when fhe counted them by 7 and 7, there re- 
remained nothing: Now how may the number 
of Eggs be difcovered ? 

Find a Number which may exactly be meafu- 
red by 7, and being meafured by 2,3, 4, 5, and 
6, there will {till remain a unite ; multiply thefe 
numbers together, makes 720, to which add 1, 
fo have you the number, viz. 721. In like man- 
ner 301 willbe meafured by 2,3,4,5,63 fo that 
x remains: but being meafured by 7, nothing 
willremain; to which continually add 220, and 
you have other numbers which will do the fame : 
Hence it’ is doubtful what number the had. 
Therefore not to fail, it muft be known whether 
they did exceed 400, 800, @&e. in which it may 
be conjectured that it could not exceed. 4 or 5 
hundred, feeing a Man or Woman could not 
carry 7 or 8 hundred Eggs, therefore the num- 
ber was the former 301, which fhe had in her 
Basket: which being counted by 2 and 2, there 
will remain 1, by 3 and3, @c. but counted by 
7and 7, there will remain nothing. 
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PROBLEM XLVI. 

One had a certain number of Crowns, and counting 

them by 2 and 2, there refted 1 3 counting 

them by 3 and 3, there refted 23 counting them by 

4 and 4, there refted 3 counting them by 5 and 

§, there refted 4. 5 counting them by 6 and 6, there 

vefted 5 5 but counting them by 7 and 7, there re- 

mained nothing: How many Crowns might be 

bave ? | 

TT Queftion hath fome affinity to the pre- 

D  cedent, and the Refolution is almoft in the 

{ame manner :, for here there muft be found a 

number, which multiplied by 7, and then divi- 

ded by 2,3:45,6, there may always remain a 

number lels by 1 than the Divifor : Now the firft 

number which arrives in thisnature is 119, unto 

which if 420 beadded, makes 539, which alfo 

“will do the fame: and fo by adding 420, you may 

have other numbers to refolve this propofition. 
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PROBLEM XLVII. 

How many forts of Weights in the leaft manner muft 
there be to weigh all forts of things between 1 
pound and 40 pound, and fo unto. 121, & 364 
pound. 

A à O weighthings between 1 & 40, take num- 
bers in tripple proportion, fo that their 

fum be equal, or fomewhat greater than 40, as 
are the numbers 1, 3, 9,27, I fay that with 4 
fuch Weights, the firft being of 1 pound, the fe- 
cond being 3 pound,the third being 9 pound,and 
the fourth being 27: any weight between 1 & 40 
pound may be weighed. As admit to weigh 21 
pound, put unto the thing that is to be weighed 
the » pound weight, then in the other Ballance 
put 27 pound and 3 pound, which doth counter- 
poife 21 poundand 9 pound, and if 20 pound 
were to be weighed, put tuit in the Ballance 9 
and x, and in the other Ballance put 27 and 3, 
and fo of others. ; 

In the fame manner take thofe 5 Weights, 1, 
3, 9,27, 81, you may weigh with them between 
ypound, and r21pound: and taking thofe 6 
Weights, as 1,3,9, 27,81, 243, you may weigh 
even from 1 pound unto 364 pound. This de- 
pends upon the property of continued Proportio- 
nals, the latter of which containing twice all 
the former. 
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Mathematical Wecveation. 73 

PROBLEM XLIX. 

Of a deceitful Ballance, which beiag empty feems to 

be jut, becaufe it hangs in equilibrio : notwith- 

flanding putting 12 pound in one Ballance, and 11 

in the other, it will remain in equilibrio, 

Riftotle m keth mention of this Ballance in 

Pi his Mechanick Queftions, and faith, That 

the the Merchants of purpofe in his time ufed 

them to deceive the World: the fubtilty or craft 

of which is thus, that one arm of the Ballance is 

longer than another, by the fame proportion that 

one weight is heavier than another: As if the 

Beam were 23 inches long, and the handle pla- 

ced fo that 12 inches fhould be on one fide of ir, 

and 11 inches on the other fide : Condition- 

ally that the fhort- 
er end fhould be as |. 
heavy as the longer, : 
a thing eafie to be 
done : then after- 
wards put into the 
ballance two unequal 
weights in fuch pro- 
portion as the parts 
ofthe beam have one 
unto another,whichis12 to 11,but fo that the grea- 
ter be placed inthe ballance which hangs upon 
the fhorter part of the Beam, and the leffer 

weight 



74  athentatical Recteation. 
weight in the other ballance : it is moft certain 

that the ballances will hang in equilibrio, which 

will feem moft fincere and juft ; though it be moft 

deceitful, abominable, and falfe. 

The reafon of this is drawn from the Experi- 

ments of Archimedes, who fhews that two un- 

equal weights will counterpoife one another, 

when there is like proportion between the parts 

of the Beam (that the handle feparates) and the 

Weights themfelves: for in one and the {ame 

counterpoife, by how much it is farther from the 

Centre of the Handle, by fo much it feems hea- 

vier; therefore if there be a diverfity of diftance 

that the Ballances hang from the handle, there 

muft neceflarily be an inequality of weight in 

thefe Ballances to make them hang in equilibrio 5 
and to difcover if there be deceit, change the 

Weight into the other Ballance: for asfoonas the 

greater Weight is placed in the Ballance that 

hangs on the longer parts of the Beam, it will 

weigh down the other inftantly. 

PROBLEM L. 

To beave or lift up a Bottle with a Straw. 

T Ake a Straw that is not bruifed, bow it that 

it make an Angle, and put it into the Bottle 

fo that the greateft end be in the Neck, then the 

Reed being put in the bowed part will caft fide- 

wife, and make an Angle, as in the figure 
may 
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opathematical Bécreafion, 75 
may be feen : then may you take the end which is 

out of the Bottle in your hand, and heave up the 
Bottle, and it is fo 
much furer, by how | 
much the Angle is 
acuter or fharper 5 
and theend which is 
bowed approacheth | 
tothe other perpen- 
dicular parts which 
SEE out of the Bot- 
tle. 

: PROBLEM LI. 

How in the middle of a Wood or Defert, without the 
fight of the Sun, Stars, Shadow, or Compafi, to 

find outthe North or South, or the four Cardinal 

Points of the World, Eaft, Weft, &c. 

T isthe Opinion of fome, that the Windsare 
to be obferved in this : if it be hot, the South 

isfound by the winds that blow that way, but 

this Obfervation is uncertain and fubject to 
much Error: Nature will help you in fome mea- 
{ure to make it more manifeft than any of the for- 
mer, from a Tree, thus: Cut a {mall Tree off, 

even to theground, and mark the many Circles 
that are about the fap or pith of the Tree, which 
feem nearer together in {ome part than in other, 
which isby reafon of the Suns motion about the 

Tree: for that the humidity of the parts of the 
Tree 
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76 «©. Mathematical Recreation. 
Tree towards the South by the heat of the Sun 1s 

rarified, and caufed to extend : and the Sun not 

giving fuch heat towards the North part of the 

Tree, theSap is Jeffer rarified, but condenfed ; 

by which the Circles are nearer together on the 

North part than on the South part : therefore if 

a Line be drawn fromthe wideft to the narroweft 

part of the Circles, it #7 | Lu of 

fhallfhew the North !. 
and South of the © 
World. Another Ex- 
periment may be | 
thus : Take a {mall 
Needle, fuchas Wo- | 
men work with : » 
place it gently down 
flat-wife upon fill 
Water, and it will not fink, (which is againft the 
general Tenet that Iron will not fwim) which 
Needle will by little and little turn to the North 

and South points. But if the Needle be great, 
and will not (wim,thruft it through a {mall piece 
of Cork, or fome fuch-like thing, and then it 
willdothe fame : for fuch is the property of 

Iron when itis placed in equilibrio, it ftrives to 

find out the Poles of the World’, or Points of 

Northand South in a manner asthe Magues doth, 

. dun 

; raid 

|: Septen 
| the Dar 

mou | 

eu4)0r4 

beau 

LA left by 

| hie 1) 
fide the 

| Maur 

A 

are Ju 

Wet, ai 

there i: 
try ee! 

CORE 
| 

Cony 4 Sony 
Chia 

He 
1]: 

Cl: 
AW ÿ fj 

| Ent I, | cle} 

i 



Mathematical Becreation, 77 
I 

not & 

[the À 
ed, & 
Le À 

re if § 
well i 

Œramination. 

Ere # obfervable, that the moiffure which ad- 
deth tothe growth of the Tree, W dilated and 

rarified by the Meridional beat, and contraded by the 
Septentrional cold : this Rarefattion works upon 

\ |, the part of the humour or moilture that % more thin, 
‘| which doth eafily difipate and evaporate : Which 

| evaporation carries a part of the Salt with it, and 
becaufe that Solidation or Conden{ation, fo that there 
is left but apart of the Nourifbment which the beat 
bakes up and confumes : fo contrarily on the other 
fide the Condenfation and Reftrictive Quality of the 
Moifture caufeth lef Evaporation and Perdition : and 
fo confequently there remains more Nourifhment. 
which makes a greater increafe on that fide than on 
the other fide : for as Trees have their growth in Win- 
ter, becaufe of their Pores, and thefe of the Earth 
are {put up: fo in the Spring, when their Pores are 
open, and.vvhen the Sap and Moiliure a drawn by it, 
there is not fuch Cold on the North fide that it may be 
condenfed at once : But coutrarily tothe fide which 
is South, the beat maybe fuch, that in little time by 
continuance, this moifture is difipated greatly: And 
Cold is nothing but that which hardeneth and contra- 
éteth the moiture of the Tree, and fo convertetb it into 
Wood, 

PRO- 
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PROBLEM LIL 

Three Perfons having taken Counters, Cards, or other 

things, to find bow much each one bath taken. 

TN Auf the third party to take a number which 

may be divided by 4, and as often as he 

takes four, let the fecond party take 7, and the firft 

rake 13, then caufethem to put them all together, 

and declare the fum of it; which fecretly divide 

by 3, and the Quotient is the double: of the 

number which the third perfon did take. Or 

caufe the third to give untothe fecond and firft, 

as many as each of them hath; then let the fe- 

cond give unto the firft and third, 4s many aseach 

of them hath; laftly, let the third give unto the 

fecond and firft, as many as cachof them hath 5 

and then ask how much one of them hath : (for 

they will have then all alike) fo half of that 

number is the number that the third perfon had 

at the tit ; which known, all is known. 

i EE 

PROBLEM ENT. 

How to make a Confort of Mufick of many parts, 

with one Voice, or one Injtrument onely. 

His Problem is refolved, fo that a Singer or 

Player upon an Inftrument,be near an Echo 

which anfwereth his Voice or Inftrument 
; and if 
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the Echo anfwereth but once at a time, he may 

- | make a double; if twice, then a tripple; if three 
times, then an harmony of four parts : for it muft 

| be fuchaone that is able to exercife both tune 
1 À andnote, as occafon requires. As when hebe- 
, “À gins wt, before the Echo anfwer, he may begin 

| fol, and pronounce it in the fame tune that the 
shih | Echo anfwereth , by which means you have a 
xt À fifth agreeable Confort of Mufick : then in the 
ein à {ame time that. the Echo followeth, to found the 
iw, | cond note fol, he may found forth another fol 
tiie | higher or lower, to make an eight, themoft per- 
hte § fect Confort of Mulick, and fo of others, if he 
0, | will continue his Voice with the Echo, and fing 

{fi plone with two parts. Now Experience fhew- 
ie | eth this tobe true, which often comes to pafs in 

many Churches, making one tobelieve that there 
| are many more parts in the Mufick of a Quire, 

sf than in effec truly there are, becaufe of the re- 
vi | Gounding and multiplying of the Voice, and ré- 
ita | doubling of the Quire. | 

on had + 
L 

i 
i 

| PROBLEM Liv. 

To make or defcribe an Oval form, or that which near 
refembles unto it, at oneturning with a pair of 

uk common Compaffes. 
ff par /) 

| 
| | 
| T ‘Here are many fine ways in Geometrical pra- 

a 

MAR ices, to make an Oval Figure, or one near 
Te | untoit, by feveral Centres: any of which Iwill 
tii") not touch upon, but fhew how it may be done 

» angi I ti fi | promptly 
{ 

| y 
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promptly upon one Centre onely. In which Ewill 

fay nothing of the Oval form, which appears, 

when one defcribeth Circles with the points of a 

common Compafs, fomewhat deep upon a Skin 
firetched forth hard : which contra¢ting it felf in 
{ome parts of the Skin maketh an Oval form. But 
it will more-evidently appear upon a Column or 
Cylinder: if Paper be placed upon it, then with 
a pair of Compaffes defcribe as it were a Circle 
upon it, which Paper afterwards being extended, 
will not be circular, but oval-wife: and a pair of 
_Compaffes may be fo accommodated, that it may 
be done alfo upon a Plain thus : As let the length 
of the Oval be HK. faften 2 Pins or Nails near the 
end of that Line, as F G, and takea thread which 
is double to the length of GH, or F K, then if 
‘Bin Lage TOS" 2g. you take-a “Compafs 

which may have one 
foot lower than ano- 
ther, with a Spring 
between his legs,and 
placing one foot of 
this Cempafs in the 
Centre of the Oval, 

‘ and guiding the 

thred by the other foot of the Compas, and fo 
carrying it about : the Spring will help to defcribe 

and draw the Oval form. But initead of the 

Compaffes it may be done with ones hand only, 

as in the Figure may appear. 
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PROBLEM LV. 

‘ta 4 Of a Purfe difficult to be opened. 

fn À ET is made to fhut and open with Rings: firft at 

a | each fide there is a ftrap or firing. as AB and 

mo À - CD, at the end of which are 2 Rings, Band D, 
with | andthe ftring C D paffeth through the Ring B,fo 

| that it may not come out again, or be parted one 
req | from another: and fo thatthe Ring B may Îlide 
tof | upand down upon the firing CD, then over the 

|’ purfe thereisa piece of Leather E F G H, which 
covers the opening of the purfe, and there is ano- 
ther piece of Leather AE, which paffeth tho- 

which | «TOW. Many Rings, send 5008 
mit Whichhath a flit to- 
“| wards the end I, fo 
| great that the firing | 
1 BC may flide into : 

— 
<> => = . = 

ci, ) it: Nowallthecun- '/,. 
ju | ning or craftishow / 
ST. to make faft or to ob 
pot of À pen the purfe, which + ue 2 pr | 
ve ) confifts in making ih re 
OT the firing BC flide through the fide at [therefore 
i | bring down Bto I, then make the end J pafs tho- 
and to ff nf | row the ring B, and alfo D with his ftring to pafs 
D through the flit Z, fo thall the Purfe be taff, and 
of the D then may the firings be put as before, and it will 
do, ) feem difficult to difcover how it was done. Now 

| toopenthe Purfe, put through the end Zthrotgh 
the Ring B, and then through the flit 7, by which 
you put through the String DC, by this way the 
Purfe will be opened. — 

PRO- 
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PROBLEM LVI. 

Whether it is more hard and. admirable, wetibout Com- 

… paffes to make a perfect Circle, or being made, 10 

. find out tbe Centre of i. 

T is (aid that upon a time paft, two Mathema- 

© ticians met, and they would make trial of 

their Induftry : The one made inftantly a Perfect 

Circle without Compaffes , and the otherimme- 

diately pointed out the Centre thereof with the 
point of a Needle : Now whichis the chicfeft 

AGion? Itfeems the firft, for to draw the moft 

nobleft Figure upona Plain Table without other 

help than the Hand and the Mind, is full of ad- 

miration; to find the Centre is but to find ont 

onely one point, but to draw a Round, there mutt 

be almoft infinite points, equidifiant from the 
Centre or middle; that in Conclufion it is both 

the Circle and the Centre together. But contra- 

rily it may fem that to find the Centre is more 

dificult: for what attention, vivacity, and {ub- 

tilty muft there be in the Spirit, in the Eye, in 

the Hand, which will chufe the true point a- 

mongft athoufand other points? He that makes 

a Circle keepsalways the fame diftance,and is gui- 

ded by a half diftance to finifh the seft; but he 

that muft find the Centre, muft in the fame time 

take heed to the parts about it, and choofe one on- 

ly point which is equally diftant from an infinite of 
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Qpatbematical Recvéation: 83 
other points which are in the Circumference ; 
whichis very difficult. . Ariffotleconfirms this a- 
inongft his Morals, and {cems to explain the dif: 
ficulty which is to be found in the middle of Ver- 
tue; forit may want a thoufand ways, and be far 
feparated from the true Centre of the end of a 
right Mediocrity of a vertuous Adtion: for to do 
well, it mult touch the middle point, which is 
but'one, and there muft be) true point which 
refpe@s the end, and that’s but one onely. Now 
to judge which is the moft difficult, as before 1s 
faid, either to draw the Round, ‘or to find the 

Centre , the Round feems to beharder' than to 

find the Centre, becaufe that. in finding: of it ts 

done at once; and hath an: equal: diftance fiom 
the whole But, as before, to draw. a Round, 
there isa vifible point imagined, about which the 
Circle is to be drawn: I efteem that it is as dif- 

ficult therefore, if not more, to make-the Circle 
without à Centre, as to find the middle or Centre 
of that Circle. 

PROBLEM LVU. 

Any one having taken 3 Cards, to ‘find how many 
, points they contain. 

ar His is to be exercifed upon a full Pack: of 

Cards of 52, then let one choofe any three 
at pleafure fecretly from your fight, and bid'him 
fecretly account the points in each Card, and will 
hitn to také as many Cards as will. make up 1'5'to 

G2 each 
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each of the points of his Cards, then will him to 

give you the reftof the Cards, for 4 of them be- 

ing rejected, the reft thew the number of points 

that his three Cards which he took at the firft did 

contain.. Asif the 3 Cards were ,10,and 4 ; NOW 

7 wants of 15,83take 8 Cardstheretore 
for your 

tif Card : the'10. wants of 15,53 take 5. Cards 

for your fecond Card 3; lalily,.4 wants of 15,113 

take 11 Cards for your third Card,and giving him 

the reft of the Cards there willbe 253 from which 

take 4, there remains 21, the numberof the three 

Cards taken, viz. 7,10, and 4 « 
Whofoever would practife this play with 4, 

5,6, or more cards, and that the whole number 

of cards be more or lefs than 525 and that the 

term be 15,.14312; @e. this general Rule enfu- 

ing may ferve: multiply theterm by the number 

of cards taken at firft; to the product add the 

number of cardstaken, then. fubtract this fum 

from the whole number of cards 5, the remainder 

is the number which muft be fubtracted from 

the cards, which remains to make up the Game: 

if there remain nothing after the fubtraction, the
n 

the number of cards remaining doth juttly thew 

the number of points which were in the cards 

cholen.. If the {ubtraétion cannot be made, then 

fubtra@ the nuimber of cards from that, number, 

and the remainder added unto the cards that did 

remain, the fum will be the number of points in 

the cards taken;as if the cards were 710,559; and 

the term given were 123 fo the hrft wants 5, the 

{econd wants 2, the third. wants 7, and the fourth 

wants 4 cards, which taken, the party gives you 

bor the 

the tel 
by 4, 
cards t 
taker, 
direc 
30, We 

a 

poled te 
ces to ! 
num 



ith 4 
yenbet 
t the 
enlus 
mbet 

{d the 
5 {um 

pander 
| from 
Game: 

then 
| thew 

e cards 

k, the 

ber, | 

fut did 

wots 10 À 
gard | 

6 ge 1 
fourth | 

yes JO 
. the 

apatbematical Recreation. 85 
the reft of the cards: then fecretly multiply 12 

by 4, makes.48 ; to which add 4, ‘the number of 
cards taken makes 52, from which 52 fhould be 

taken, reft nothing : therefore according to the, 

direétion of the remainder of the cards, which are, 

30, is equal to the points of the four cards taken, 

viz. 7,10,5,8. Again, let thefe 5 cards be fup- 

pofed to be taken, 8,6, 10, 3,73 their differen- 

ces to 15, the terms are 7,9, 5; 12,8, which 

number of cards taken, there will remain but 6 

cards: then privately. multiply.15 by 5, makes 

75, to which add 5 makes 80, from this take 52, 

the number of cards, refts 28, to which add the 

remainder of cards, makes 34, the fum with 

8,6,10, 3; 7° ” je 

—<———————— 

PROBLEM LVI. 

Many Cards placed in divers ai to find. which. 

of thefe Cards any one bath thought. 
1 

We 15 Cards ‘and place them in 3 heaps in 

rank-wife, 5 ina heap: now fuppofe any 

one had thought one of thefe Cards in any one 

of the heaps, it is eafie to find ‘which of ‘the 

Gards it is, and it is done thus: ask him in which 

of the heaps it is, which place in the middle of 

the other two's then throw down the Cards 

by a and x into three feveral heaps in rank- 

wile, ‘until all be caft down, then ask him 

G 3 ir 
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in which of the ranks his Card is, which heap 
place in the middle of the other two heaps al- 
ways, and this do four times at leaft, fo in put- 
titi? the Cards altogether, look upon the Cards, 
or Tet their back be towards you, atid throw out 
thé eight Card, for that was the Card thought up> 

où without fail. | Me MAC 

PROBLEM LVii 

My Cards being offered to fundry Perfons, to find 
"which of thefe Cards any one thinketh upon. 

Dmit there were 4 perfons, then take 4 
Cards and fhew them to the firft, bid him 

think one of them, and put thele 4 away then 
take 4 other Cards, and fhew theth i like man- 
ner to the fecond pexfon, and bid him think any 
one of thefe Cards, and fo do to. the third per- 
fon, and fo the fourth, dc. Then take the 4 Cards 
of the firft perfon, and difpofe them in 4 ranks, 
and upon them the 4 Cards of the fecond perfon, 
upon them alfo thefe of the third perfon, and 
laftly,upon them thefe of the fourth perfon3 then, 
fhew unto each of thefe parties each of: thefe. 
ranks, and ask him if his Card be mit which he 
thought, for infallibly that which the firft party 
thought upon will be in the firft rank, and at the 
bottom the Card of the fecond perfon will be in 
the fecond rank, the Card of the third thought 
upon will be in the third rank, and the fourth 
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raan¢Card will be in the fourth rank, and fo of 

others; if theré be more perfons, ufe the fame 

method. This may be practifed by other things, 

ranking them by certain numbers allotted to 

pieces of money, or fuch-like things. 

PROBLEM LIx. 

How to make an Inftrument to belp Hearing, a Ga- 

lileus made to help the Sight. 

FH Hink not that the Mathematicks (which hath 

farnifhed us with fuch admirable helps for 

*Sceing) is wanting for that of Hearing ; it’s well 

known that long Trunks or Pipes make one 

heat well far off, and Experience fhews us that 

in certain places of the Oreades in ahollow vault, 

that aman {peaking but foftly at one corner there= - 

of, may be audibly underftood at the other end : 

fiotwithftanding thofé which ars between the par- 

tiés cannot hear him fpeak at all:andit isa general 

Principle, that Pipes do greatly help to ftrengthen 

the AGtivity of Natural Caufes: We fée that 

fire contraétcd in a Pipe, burns 4 or 5 foot high, 

which would {carce heat, being in the open air : 

the fupturé or violence of water ifluing out of a 

Fountain, thews us that water being contracted 

into a Pipe, caufeth 4 violence in its paffage. The 

Glaffes of Galilews makes us fee how ufetul Pipes 

| Gr 4 or 



88 Mathematical Recteation. 
ar Trunks are to make the Light and Species more 
v sfible and proportionable to our Eye. It is faid 
that a Prince of Italy hathia fair Hall, in which 
he can with facility hear diftinétly the Difcourfes 
of thofe which walk in the adjacent Gardens, 
which is by certain Veffels and Pipes that anfwer 
from the Garden tothe Hall. Vitruvius makes 
mention alfo of fuch Veffels and Pipes to ftreng- 
then the Voice and Action of Comedians: and in 
thefe times amongft many Noble Perfonages, the 
new kind of Frunks are ufed to help the hearing, 
being made of Silver, Copper, or other refound- 
ing material ; in funnel-wi‘e putting the wideft 
end to him which fpeaketh, tothe end to con- 
tract the Voice, that fo by the Pipe applied to 
the Ear jt may be more uniform, and lefs in dan- 

more fortified. 

PROBLEM Lx. 

Of à fine Lamp which goes mt out, though one car- 
ry it in ones pocket.: or beiug-rolled upon the ground 
will (till burn. — | 

T muft be obferved that the Veffel in which 
the Oil is put into, have two pins on the fides 

of it, one againft another, being included with- 
in acircle: this circle ought.to have two other 
pins,to enter into another circle of brafs, or other 
folid matter: lafly, this fecond circle hath two 

| pins 

ger to diflipate the Voice, and fo confequently 
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Mathematical Recteation. 39 
pins, which may hang within fome Box to con- 
tain the whole Lamp, in fuch manner, that there 
Be fix pins in different pofition : Now by the aid 
of thefe pegs or pins, the Lamp that is in the mid- 
dle will be always well fituated according to his 

Centre of Gravity, 
though it be turned 
any way: though if 
you endeavour. to 
turn it uplide-down, i 
it will lie level : 
which is pleafant Nes 
and admirable to be- 
hold to thofe which 
know not the caufe. 
And it is facil from this to make a place to reft 
quiet in, though there be great agitation in the 
outward parts. 

+ 

PROBLEM LXI. 

Any one having thought 2 Card amongft many 

Cards, how artificially to difcover tt ont. 

En any number of cards, as 10, 12, "ce. and 

open fome four or five to the parties fight, 

and bid him think one of them, but let him note 

whether it be the firft, fecond, third, &e- then 

with promptnefs learn what number of Cards 

you had in your hands, and take the other part 

of the Cards, and place them on the top of thefe 

{o, 
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(o, ask him whether his Card were the firft,  fe- 

éond, &e then before knowing the number of : 
Cards that Wéré at the bottom, account back- 
wards until you cométoit : fo fhall you cafily 

take out the Card that he thotight upon. 

PROBLEM EXI. 

Three Women, A, B,C, carried Apples to a Marker 
to fell) Abad2o, B30, and C 403 they fold 

as many for a penny the one a the other, and 

brought bome one as much money as another : How 
could this be ? 

“we te Anlwer to the Problem is eafte: As fup-- 

pofe at the beginning of the Market, 4 fold 

her Aples ata penny an Apple, and fold but two, 

which wastwo pence, and fo the had 18 left ; 

settle: but B {old 17, which 

A nt Là. _.. was 17 pence, and 

ze ad sh Ko had 13 KR  C 
7 ET fold 32, which was 

Sand: 39 15 : 56 32 pence, and fo had 
——3— 8 Apples left. Then 
cad 2h is 56: A faid {he would not 

| fell her Apples fo 
cheap, but would 
{ell them for 3 pence 

a piece, which the did, and fo her Apples came 
to 54 pence: And B having left but 13 Apples, 

fold them at the fame raté, which came to 39 
pence : 
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watheinatical Recteation, 9: 
pence: And lafly, Chad but 8 Apples, which 
at the fame raté came to 24 pence :. Thefe fums 

| of money which each others before received 
| come'to 56 pence,and fo much.éach one récéived; 
atid fo confequently brought home: one as much 
as another. - 

PROBLEM LXil. 

Of the Properties of fome Numbers. 

Er any two numbers is juft the fum of a 
~~ number, that have equal diftance from the 

| Half of that number: the one augmenting, and 
the other diminifhing : as 7 and”, of 8 and 6, of 
gand 5, of 1oand 4, of 11 and 3, of 12 and 
2, Of 13 and 4, as the ont is more than the half, 
the other is lefs. 

Secondly, It is difficult to find two numbers, 
whofe fum and produG isalike, (that 1s) if the : 

numbers be multiplied one by another, and, 
added together, willbe equal, which two num-, 

bers are 2and.2, for to multiply 2 by 2 makes . 
4, and adding 2 unto 2 makes the fame : this pro- 

perty isin no other two whole numbers, but in 

broken numbers théréare infinite, whole [um and 

product will be equal one to another. As Cla- 

vins {hews upon the 36 Prob. of the 9th Book of 

Exclide. ~ | 

Thirdly, 
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Thirdly, The numbers 5 and 6 are called cir- 

cular numbers, becaufe the circle turns to the 

point from whence it begins: fo thefe numbers 
multiplied by themfelvés, do end always in 5 and 

6, as times 5 makes 25; that again by 5 makes 

_ 125, fo 6 times 6 makes 36, and that by 6 makes 

216, Cc. | 

Fourthly, The number 6, is the firft which A- 

rithmeticians call a perfeét number, that is, whofe 

parts are equal unto it, fo. the fixth, part of itis 1, 

the third part is 2, the half is 3, which are all his 

parts: now 1, 2, and 3, is equal to 6. Itis won- 

derful to conceive that there is fo few of them,and 

how rare thefe numbers are, fo of perfect men ; 

for betwixt 1 and 1000000000000 numbers 

there is but ten, that is, 6, 28, 486, 8128,120816, 

2096128,33550336,536854528,8589869056, 
and 137438691328, with this admirable pro- 

perty, that altérnatély they end all in fix and” 
eight, and the Twentieth Perfe& Number is 

15111 57274515537 6893 1328 ke 
Fifthly, The number 9 amongft other priviled- 

ges carries with it an excellent property 5 for take 

what number you will, either in grofs or in part, 

the nines of the whole or in’ its parts rejected, 

and taken fimply will be the fame, as 27 it makes 

3 times 9, fo whether the nines be rejected of 27 

orof the fum ef 2 and 7, itis all ones foif the 

nines were taken away of 240, it isall one if the 
nines were taken away of 2, 4,and oi for there 

would remain 6 in either; and fo of others. 

Sixthly, 
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Sixthly, 11 being multiplied by 2,4,5,6,7,8;, 

or 9, will end and begin with like numbers; fo 

11 multiplied by 5 makes 55, if multiplied by:8, 
it makes 88, ee. Lu 

Seventhly, the numbers 220 and 284 being 
unequal, notwithftanding the. parts of the one 
number do always equalize. the other num- 
ber: fo the: aliquot parts of 220 are 110, 54, 

44, 22,20, 11, 1055) 452,51; which together 

makes 284, the aliquot parts of 284, are 142,71, 
4,251, which together makes 220, a thing rare 
ane admirable, and difficult to find in other num 

ers. 
Eightly, The numbers 3, 4 5 ( found out by 

Pythagoras ) have an excellent property in ma- 

king of Rectangle Triangles : upon which the 

47 Pro. of the firft Book of Euclidé was prounded, 

that the fquare of the Hypothenufal in any 

{uch Triangle, is equal to the fquare of the 
other two fides: that ., 
is 5, the Hypotbenufat 
multiplied insmakes |. 
25, and 4 multipled 
in 4 makes 16, and 3 

——- 

multipli d in 3 makes 
9, but 9 and 161s e- oe 

qualto25,orifthefe | yA alps 
numbers 3, 4,5, be . 
doubled, viz. 65.3; 
10: the {quare of 10 is equal to the {quare, of 

8 and 6, vize 10 times 10 makes 100, and, 8, 

times 8 makes 64, and 6 times 6 is. 363 which 
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36 and 64, put together makes 100, as before : 

and{o may they be Tripled, Quadrupled, Ste. 
The ufe ofthefe numbers 3, 4, 5, are manifold, 

but it may be applied thus, for the help of fuch 
which plot out Gardens,Houfes, encamp Horfe or 
Foot, dc. Example;take 3 Cords, one of 5 yards, 
another of 4 yards,and’another of 3 yards, or the 

double, tripple; decuple, &c. or all in one line, 

: | a, and make knots ‘at 

Pgs gp lS > © the terms of thefe 

Bi ef meafures; fo thele 

three parts willmake 
a right angled Tri- 
angle, as 4, B, C5 
and it is eafie with 
this Triangular Cord 

afin, to plot out a Garden- 

Me plat, à fquare build+ 

ing plat, or other long fquare:” Asfuppofe there 

is a figure, E DFG to beplotted, E D of 60 
yards broad, and FG 100 yards long. Firft 
mealure out. E D 60 yards, andat E and D place 

two pins.or pegs; thenat E place the Angle of 
your Triangular Cord B, and let the line of the 
Triangle A B be inthe line ED, which fuppofe 
atA; make the Cord AB faftinE:and’A, then 
put the other two Cords of the Triangle until 
they meet, . which-will be in C,'and place a peg; 
atC; take afterwardsa long Cotd,-and by the 
points E and C augment ie‘unto F 100 yards 
from E; and at¥ place a pegs ‘then at F apply 
your Friangulat Cofd'as youdid'atE, and‘fo may 
you draw theline FG 4 longias ED, viz 60 

yards. 
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yards. Laftly, it iseafie to draw the Line GD, 
and fo the Rectanguled Figure or Long Square 
fhallbe plotted, whofe breadth is 60 yards, and 
length 100 yards, as was required: and to exa- 
mine this, meafure E G, thenif F D be as long, 
the figure is true: otherwile it is defective, and 
may eafily be amended. 

If one be taken from any {quare nnmber which 
is odd, the fquare of half of it being added to 

| the firft quare, willmakea {quare number. 
The fquare of half any even number +-. £ 

being added to that even number makes a fquare 
number,and the even number taken from it leaves 

| a fquare number. 
If odd numbers be continually added from the 

unity fucceflively, there will be made all {quare 
numbers, and if cubick numbers be added fuccef- 
fively fromthe unity, there will be likewife made 
fquare numbers. 

PROBLEM LXIV. 

Of an Excellent Lamp, which ferves or furnifveth at 
felf with Oil, and burns a long time. cd 

I Speak not here of a common Lamp which 
Cardanw writes upon in his Book de fubiili- 

tate, for that’s a little Veffel in Columne- wife, 
which 
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which is full of Oyl, and becaufe there is but one 
little hole at the bottom near the Week or Match, 
the Oil runs not, for fear that there be emptinefs 
above: When the Match is kindled it begins to 
heat the Lamp, and rarifying the Oil it rffueth by 
this occafion: and fo fends his more airy parts a- 
bove, to avoid vacuity. | 

i L But that which I 
| here deliver is more 

ingenious, the prin- 
cipal piece of which 
is aveflel, as C D; 
which hath near the 
bottom a hole, and a 
tunnel or pipe Cand 
then a bigger funnel, 
which paffeth tho- 

row the middle of the Veffel, having an opening 
at D near the E top, and another at the bottom, 
as at E, near the Veffel under it, fothat the Pipe || 
touch it not: the Veffel being thus made, fill it 
with Oyl, and opening the holeC, the Oil run- 
ning out will ftop the hole at E, or throwing in 
Oil into the Veffel underneath, until E be ftop- 

ped; then the Oil at C willnot run: becaufe no 
air can come into the Pipe DE. Now as the 
Oil burneth and ¢onfumeth in the Veffel A°B, the 
hole at E will begin to open, then immediately 
will C begin to run to fill up AB, and E being 
flopped with the Oil, the Oilat Cceafeth to run. 
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It is certain that {uch a Lamp the Athenians 

ufed, which lafted‘a whole year without being 
touched: which was placed before the Statue of 

Minerva, for they might put a certain quanti- 
ty of Oylin the LampC D, anda match to burn 
without being confumed : fuch as the Naturalifts 
write of, by which the Lamp will furnith it felf, 
and fo continue in burning : and here may be no- 
ted that the Oy] may be poured in at the top of 
the Veffel at a little hole, and then made faft again 
that the Air get not in. 

PROBLEM LxY. 

Of theplay at Keyles or Nine-Pins- 

Ou will fcarce believe that. with one Bow], 

and at one blow playing freely, one, may 

{trike down all the Keyles at once ; yet from Ma: 

thematical Principles it is eafie to be demonftra- , 

ted, that if the hand of him that plays were fo 

well affured by Experience as Reafon induceth 

onetthereto, one might at one blow ftrike down 

all the Keyls, orat leaft 7 or 8, ox fuch a number 
as one pleafeth. | 

For they are but Nine in all, difpofed or pla- 
ced in a perfet Square, having Three every 

way. Letus fuppofe then that a good Player 

beginning to play at 1 fomewhat low, fhould {o 
fike it, that it thould ftrike down the Keyles 

2 and 5, and thele might in their violence ftrike 
| H down 
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98 Mathematical Recreation. 
si! fx down. the Keyles 3, 

6, and 9, and the 
Bowl being in moti- 
on may ftrike down 
the Keyle 4, and 7; 
which 4 Keyle, may 
fitike the Key] 8, and 
fo all the 9 Keyles 
may be ftriken down 
at once. 

PROBLEM LxXIV. 

Of S peëtacles of pleafure. 

Gimple Spectacles of blew, yellow, red or green 
D ‘colour, are proper to recreate the fight, and 

_ Will prefent the Objets died in tike colour that 

the Glaffes are, ‘only thofe of the Green do 

fomewhat degenerate; inftead of fhewing a live- 

ly colour, it will reprefent a pale dead colour, and 

it is becaufé they are not died green enough, or 

técéive not light enough for green : and colour 

thefe Images that pafs through thefe Glaffes unto 

the bottom of the Eye. 
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Œramination. 

UT is certain, that not onely Glaffes dyed green, but 
all other Glaffes coloured, yield the appearances 

of Objects trong or weak in colour according to the 
guantity of the dye, more or lef, as one being very 
yellow, another a pale yellow; wow all colours are not 
proper to Glaffes to give colour, bence the defect is not 
that they want faculty to receive light, or refift the 
penetration of the beams for in the fame Glaffes 
thofe which are moft dyed, give always the Objects 
more bigb-coloured and obfcure, and thofe which are 
Leff aed: give them more pale and clear: and this 
daily made manifeft by the painting of Glas, which 
binders more the penetration of the light than dying 
doth, where all the matter by fire is forced into the 
Glafs, leaving it iwall parts tranfparent. 

Spectacles of Cryffal cut with divers Angles Dia- 
mond-wife, do make a marvellous multiplication of the 
appearances, for looking towards a Honfe it becomes 
ws a Town, a Town becomes like a City , an armed 
man feems asa whole Company, caufed folely by the 
diverfity of RefraGions, for as many Plains as there 
are on the out fide of the Spectacle, fo many times 
will the Object be multiplied in the appearance, be- 
caufe of divers Images caft into the Eye. Thefe are plea- 
farable Spectacles for avaritious perfons that love Gold 
and Silver, for one Piece will feem many, or one 
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beap of Money will feem as a Treafury : but all the 

mifcbief is, be will not bave bis endin the enjoying of 

it, for endeavouring to take it, i will appear but a 

deceitful Image, or delufion of nothing. Here may 

you note, that if the finger be directed by one and the 

fame ray or beam, which pointeth to one and the fame 

objet, sben at the firft you may touch that vifible Ob- 

ject without being deceived : otherwife you may fail 

often in touching that which you fee. Agatn, there 

are Speciacles made which do diminifh the thing feen 

very much, and bring it to a fair perfpective form 3 

efpecially if one look upon a fair Garden-plat, a grea- 

ser Walk, a ftately Building, er great Court ; the 

induftry of an exquifite Painter cannot come near 40 

exproft the lively form of it as this Glaf will repre- 

fent its you will have pleafure to fee it really experz- 

menteds and the caufe of this is, that the Glaffes of 

zhefe Spectacles are bollow and thinner in the middle, 

than at the edges, by which the vifual Angle à 

« made leffer.: You may obferve a further fecret in thefe 

Speëtacler, for in placing them upon a Window one 

may fee thofe that pafs to and fro in the Streets, with- 

out being feen of anys for their property 8 to raife up 

the Objetis that it looks upon. 

Now I would not pafi this Problem without 

faying fometbing of Galileus admirable Glafs : 

for the common fimple perfPective Glaffes, give te 

Aged Men but ibe Eyes or fight of Young Men, but 

this of Galileus gives a Man an Eagles Eye, or an 

Eye that pierceth the Heavens : Firft 2 difcuvereth 

the fpoity and fhadowed opacous Bodies that are found 

about the Sun, which darkencth and dimänifheth the 

flendor of that beautiful and shining Luminary : 
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gpathematical Recreation, | ror 
Secondly, It foews the New Planets that accompa- 
ny Saturn and Jupiter : Thirdly, in Venus is 
feen the New, Full, and Quartile Increafes as inthe 

Moon by her féparation from the Sun: Fourthly, the 
artificial ftruclure of this Inftrument belpeth us to fee 

an innumerable number of Stars, which otherwife 

are obfeured, by reafon of the natural weakne/s of 

our fight 5 yea the Stars in Via Lactea are feen 
moft apparently s where there feem no Stars to be, 
this Infirument makes apparently to be feen, and 
further delivers them to the Eye in their true and 
lively colour, as they are in the Heavens, in 

which the fplendor of fome is as the Sun in bis 

moft glorious Beauty. 
This Glafs bath alfo a moft excellent ufe in obfcr- 

ving the Body. of the Moon in time of Eclipfes, for 

it augments it manifold, and moft manifetly fhews 

the true form of the cloudy fubjtance in the Suns 

and by it is feen when the fhadow of the Earth be- 

gins to cclipfe the Moon, and when totally fhe i over- 
foadowed. Befides the Caleftial Ufes which are 
made of this Glafs, it bath anotber Noble Property, 

is far exceedeth the ordinary Perfpective Glaffes, 
which are ujed to fee things remote upon the Earth : 
For as this Glafs reacheth up to the Heavens, and 
excelleth them there in bis performance, fo on the 
Earth it claimeth prebeminency, for the Objects 

which are fartheft remote, and moft obfcure, are feen 
plainer than thofe which are near at band, fcorning 

as it were all {mall and trivial fervices, as leaving 
them to an inferiour help: great ufe may be made of 
this Glafs in difcovering Ships, Armies,*c. Now the 
apparel or parts of this Inftrument or,Glafs is mean 
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vor  gpatbemtatical Recreation, 
or fimple, which makes it the more admirable ( fee- 
ing it performs fuch great Service) having but a 
Convex Glaft, thickelt in the middle, to unite and 
amafs the Rays, and make the Objeét the greater : 
to the augmenting the vifual Angle, as alfo a Pipe or 
Trunk to amas the Species, and hinder she greatnefs 
of the light which about it : (to fee well, the 
Object mutt be‘well inlightened, and the Eye in 
ob{curity ) then there is adjoyned unto it a Glaff of a 
fhort fight to diftingnifo the Rays, which the other 
would make more confufedif alone. As for the pro- 
portion of thofe Glaffes to the Trank, though there be 
certain Rules to make them, yet it i often by bazard 
that there 5 made an excellent one, there being fo 
many difficulties in the action 3 therefore many ought 
to be tried, feeing that exatt proportion in Geometri- 
cal Calculation cannot ferve for diverfity of fights 
gn the Obfervation. 
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PROBLEM LxVIL 
"he 1 

Of the Adamant ov Magnes, and the Needles touch 

‘ed therewith. 

Hoiwould bélieve, if he faw not with his 

Eyes, that a Needle of Steel being once 

touched with the Magnes, turns not once, not a 

year, butas long as the World lafteth , his end 

towards the Northand South; yea though one 

remove it, and turn it from its pofition, it will 

come again to his points of North and South? 

Who would have ever thought that a brute Stone, 

black and ill formed, touching a Ring of Iron, 

fhould hang it inthe Air, and that Ring fuppoxt 

a fecond, that to fupport a third, and fo unto 10, 

12, or more, according to the firengthof the Mag- 

nes; making as it were a Chain, without a Line, 

without fouldering together, or without any o- 

ther thing to fupport them onely; but a moft oc- 

cult and hidden vertue, yet moft evident in this 

effect, which penetrateth infenfably from the firft 

tothe fecond, fromthe fecond tothe third, ée. 

Is it not à wonder to {ee that a Needle touch- 

ed once will draw other Needles; and fo a Nail, 

the point of a Knife, or other pieces of Iron? 

Is it vot a pleafure to fee how the Magnes will 

turn File-duft, or move Needles, or Nails being 

upona Table, or upona piece of paper ? For as 

foon as the Magnes turns or moves Over, it moves 
H 4 alfo; 
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alfo: whoisit that would not be ravifhed asit 

| were to fee a hand of 
Iron write upon a 
Plank, without fee- 
ing the Magner 
which caufeth tha 
motion behind the 
Plank, or to make an 
Image of Iron to run 

~ “pand down a Tur- 
| | | 7a ; now infinite of 

. Xx Such inventions is 
ere proper to be extra- 

a0 ge He Ged on So pro- 
perties of the Mag- 

gta *%” nese ! ; 
What is there inthe World that is more capa- 

ble to caft a deeper aftonifhment in our minds 
thana great matlie fubftance of Iron to hang in 

the Air in the midft of a Building without any 
thing in the World touching it, but only the Air? 
As fome Hiftories affure us that by the aid of a 
Magnes or Adamant, placed at the Roof of one 
of the Turkifh Synagogues in Meca, the Sepul- 
chre of that infamous Mahomet rcfts fufpended in 
the Airs and Pliyy in his Natural Hiftory writes 
that the ArchiteGtor Democrates did begin to 
vault the Temple of Arfinoe in Alexandria, with 
fiore of Magues to produce the like deceit,to hang 
the Sepulchre of that Goddefs likewife in the air, 

J fhould pafs the bounds of my counterpoife, 
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Mathematical Hecteation, 105 
and fhould expofe my felf to the laughter of the 
World, if Ifhould brag to thew others the caufe 
how this appeareth, thafi in its Own natu- 
ral fympathy, for why. is it that à Magnes 
with one end will caft thé Iron away, and at- 
trait with the other? From whence cometh 
it that all the Magnes isnot proper to give-a true 
touch to the Needle, but onely in the two Poles 
of theStone: which is known by hanging the 
Stone by a thread in the air until it be quiet, or 
placed upon a piece of Cork ina Dith of .Water, 
or upon fome thin Board, for the Pole of the 
Stone will then turn towards the Poles of the 
World, and point out the North and South; and 
fo thew by which of thefe ends the Needle is to 
be touched ? | 

From whence comes it that there is a variation 
in the Needle, and pointeth not out truly the 
North and South of the World, but only in fome 
place of the Earth? | 

How is it that the Needle made with pegs 
and inclofed within two Glaffes, fheweth the 
height of the Pole, being elevated as many de- 
grees as the Pole is above the Horizon ? 

What's the caufe that Fire and Garlick takes a- 
way the Property of the Magnes? There are 
many great hidden Myfteries inthis Stone, which 
have troubled the Heads of the moft Learned in 
all Ages, and to this time the World remains igs 
norant of declaring the true caufe thereof. 

Some fay, that by help of the Magnes per- 
fons which are abfent may know each others 

mind, 

es 

ae ee 
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mind, asif one being here at London, and ano- 

ther at Pragae in Germany, if each of them had 

a Needle touched with one Mages, then the vir- 

tue is {uch that in the fame time that the Needle 

which is at Prague fhall move, this that is at Low- 

don {hall alfo; provided that the parties have like 

fecret Notes or Alphabets, and the obfervation be 

at afet hour of the day or nights and when the 

one party will declare unto the other, then let 

that party move the Needle to thefe Letters 

which will declare the matter to the other, and 

the moving of the other parties Needle fhall open 
his intention. 

The invention is {ubtile, but I doubt whether 

in the World there can be found fo great a Stone, 

or fuch a Magnes which carries with it fuch vir- 

tue : neither is it expedient, for Treafons would 

be then too frequent and open. 

Examination. 

He Experimental Difference of Rejection. and 

Attraëlion proceeds mot from the different 

Nature of Stones, but from the Quality of the Irons 

and the virtue of the Stone confifteth onely and efpect- 

ally in his Poles, which being hanged inthe Air turns 

one of bis ends always naturally towards the South, 

and the other toveards the North: but if a Rod of 

Tron be touched with one of the ends thereof, it bath 

the like property in turning North and South, as the 
Magnes 
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Rod touched, hath a contrary pofition, to that end of 

| she Stone that touched it s yet the fame end will at- 

ly, (2°42 Bs and the other end reject it, and fo contrarily. 

ike À This may eafily be experimented upon two Needles 
be À toncbed with one or differ ent Stones, though they have 

one and the fame pofition 5 for as you come unto them 

apply one end of the Magnes near unto them, the 

North of the one will abbor the North of the other, but 

the North of the one will always approach to the Souths 

of the other : and the fame affection is in the Stones 

themfelues. For the finding of the Poles of the Mag- 

nes,it may be done by holding a {mall Needle between 

your fingers Softly, and fo moving it from part to part 

over the Stone, until it be held perpendicular, for that 

fhall be one of the Poles of the Stone which you may 

markout ; in like manner find out the ether Pole. Now 

+0 find out which of thofe Poles is North or South,place 

a Needle being touched with one of the Poles upon a 

finootb Convex Body, (as the Nail of ones Finger, or 

fucb-like) and mark which way the end of the Needle 

“shat was touched turneth : if tothe South, then the 

point that touched it was the South-Pole, &c. and it 

ws moft certain, and according to Reafon aud Experi- 

ence, that if it be fafpended in æquilibrio ix the Air, 

or fupported upon the Water, it will turn contrary to 

the Needle that toucheth it : for then the Pole that 

An marked for the Sonth fhall turn to the North, 
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PROBLEM LXxXVIII. 

Of the Properties of Æolipiles or Bowels to blow 
the Fire. 

Hefe are concave Veffels of Brafs or Copper 
or other material, which may indure the 

Fire; having a {mall hole very narrow, by which 
it is filled with Water: then placing it to the fire, 
before it be hot there is no effe& feen 5 but as 
{oon as the heat doth penetrate it, the Water be- 
gins to rarifie, and iffueth forth with a hideous 
and marvelous force; it is pleafure to fee how it | 
blows the fire with great noife, 
Cer 7 «, Vitruvius in his firft 

| Wi _ Book of Architecture, 
| Cap. 8. approves 
from thefe Engines, 
that Wind 
other thing than a 
quantity of vapours 
and exhalations agi- 

_— 

tated with the air by 
rarifaGtion and condenfation, and we may draw 
a. confequence from it, to thew that a little Wa- 
ter may ingender a very great quantity of Va- 
poursand Air: for a Glafs of Water thrown in- 
to an #olipile will keep blowing near a whole 
hour, fending forth his vapours a thoufand times 
greater than it is extended, 
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Now touching the form of thefe Veffels, they 
are not made of one like fafhion: fome make 
them like a Bowl, fome like a head painted, re- 

prefenting the Wind, fome make them like a 
Pear: as though one would putit to roft at the 
fire, when one would have it to blow, for the 
Tail of it is hollow, in form of a funnel, having 
at the top a very little hole no greater than the 
head of a Pin. 

Some do accuftomto put within the oli- 
pile a crooked Funnel of many foldings, to the 
end that the Wind that impetuoufly rolls to and 
fro within, may imitate the Noife of Thunder. 
Others content themfelves with a fimple Funnel 
placed right upward, fomewhat wider at the 
top than elfewhere, like a Cone, whofe Bafis 
is the mouth of the Funnel: and there may be 
placed a Bowl of Iron. or Brafs, which by the 
vapours that are caft out will caufe it to 
leap up, and dance over the Mouth of the Æo- 
lipile. 

Laftly, Some apply-near to the hole {mall 
Wind-mills, or fuch-like, which eafily turn by 
reafon of the Vapours ; or by help of two ormore. 
bowed Funnels, a Bowl may be made to turn : 
thefe Æolipiles are of excellent ufe for the melt- 
ing of Metals, and fuch-like. 

Now it is cunning and fubtilty to fill one of 

thefe Æolipiles with Water at fo little a hole, and 
therefore requires the knowledge of a Philofo- 
pher to find it out : and the way isthus: 
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so Mathematical Recreation. 
Heat the Æolipiles being empty, and the Air 

which is within it will become extreamly rarifi- 
ed; then being thus hot, throw it into Water, 
and the Air will begin to be condenfed : by which 
means it will-occupy lefs room : therefore the 
Witer will immediately enter in at the hole to 
avoid vacuity. . Thus you have fome Practical 
Speculation upon the Æolipile. 

FROB LEM LxIx. 

Of the Thermometer : or a# Inffrument to mea- 
fare the degrees of. Heat and Cold in the Air. 

His Inftrument is like a Cylindrical Pipe of 
Glafs, which hath a little Ball or Bowl at 

the top, the {mall endof which is placed into a 
Veffel of Water below, as by the Figure may be 
{een. 

Then put fome coloured Liquor into the Cy- 
lindrical Glafs, asblew, red, yellow, green, or 
fuch-like : fuch asis not thick. This being done, 
the ufe may be thus. | 

Firft, I fay, that as the Air. inclofed in the 
Thermometer is rarified or condenfed, the Water 

will evidently afcend or defcend in the Cylinder : 
which you may try eafily by carrying the Ther- 
mometer from a place that is hot unto a place that 
is cold, or without removing of its if you foftly 
apply the Palm of the Hand upon the Ball of the 

Thermo- 
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'opatbematical Recreation, zx 
Thermometer: the Glafs being fo thin, and the 
Air fo capable of Rarifa¢tion, that at the very ine 
{tant you may {ee the Water defcend ; and your 
hand being takena way, it will foftly afcend to 
his former place again. This is yet more fenfi- 
ble when one heats the Ball at the top with 
his breath , as if one 
would fay a word in 
his ear, to make the © 
Water to defcend by 
Command, and the 
reafon of this motion 
is, that the Air heat- 
ed in the Thermome- 
ter, doth rarifie and 
dilate, requiring a 
greater place ; hence prefleth the Water, and cau- 
{eth it to defcend : contrariwife when the Air 
cooleth and condenfeth, it occupieth lefs room ; 
now Natureabhorring vacuity, the Water natu- 
rally afcendeth. 

In the fecond place, I fay, that by this means 
one may know the degrees of Heat and Gold 
which are in the Aireach hour of the day; foraf- 

much as the exterior Air is either hot or cold.the 
Air which is inclofed in the Thermometer doth like- 
wife either rarifié or condenfe, and therefore the 
Water afcends or defcends ; fo you fhall fee that 
the Water in themorning is mounted high, af- 
terward by little and little it will defcend towards 
noon or mid-day, and towards evening it will a- 
gain afcend : fo in Winter it will mount fohigh, 
thatall the Cylinder of the Thermometer sbi be 

ull, 
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112 Mathematical Recreation. 
full, but in Summer it will defcend fo low that 
{carce there will be perceived in it any water at all. 

Thofe that will determine this. change by 
numbers and degrees, may draw a Line upon the 
Cylinder of the Thermometer 5 and divide it into 
4 degrees, according to the ancient Philefophers,or 
into 4 degrees, according to the Phyficians, di- 
viding each of thefe 8 into 8 others, to have in 
all 64 divifions ; and by this way they may not 
onely diltinguifh upon what degree the Water 
afcendeth in the morning,at mid-day, and at any 
other hour: butalfo one may know how much 
one day is hotter or colder than another, by mar- 
king how many degrees the Water afcendeth or 
defcendeth, one may compare the hotteft and 

coldeft days in a whole year together, with thofe 
of another year : Again one may know how 

much hotter one room is than another, by which 
alfo one might keep a Chamber, a Furnace, a 

Stove, dc. alwaysin an equality of heat, by ma- 
king the water ot the Thermometer rettalways up- 
on one and the fame degree. In brief, one may 

judge in fome meafure the burning of Fevers, 
and near unto what extenfion the air can be rari- 
fied by the greateft heat. 

Many make ule of thefe Glaffes to judge of 
the Weather: for itis obferved that if the Water 
fall in 3 or 4 hours a degree, or thereabout, that 
rain infueth, and the Water will ftand at that 
ftay until the Weather change : Mark the Wa- 
ter at your going to bed, for if in the morning it 
hath defcended, rain followeth; but if it be 

mounted 

Fil 
bodily 
af Phil 

the ht 
Se 

fare 

taker 
Bodi 

TI 
dang 
Wok 



tu À 
tal, à 

ey 
athe À 
Into [ 
nor À 

) dis | 

rein | 
| not à 
Water | 
itany D 
much | 

rar à 
eth or A 

| 

{and Bi 
| tholé | 

how i 
which à 

ac, 2 
by mas Bi 
ays lip 4 

ne may Mi 
Fevers, Ml 

be rat | 

age of 

Wat 
Ut, that i 

at that fen 

he Wii 
ong BP 

ome 

fil Î 

opathenratical Recveation, 113 

mounted higher, it argueth fair weather : fo in 

very cold weather, if it fall {uddenly, it is {now; 

erfome fleékey weather that will infue. 

PROBLEM LxXx. 

® Of the Proportion of Humane Bodies, of Statues; 

of Coloffus, or buge Images, and of monjtrous 

Giants. 

pierre had reafon to fay, That Man is the 

meafure of all things : 

Firft, Becaufe he is the moft perfect amongft all 

bodily Creatures; and according to the Maxime 

of Philofophers, That which is moft perfec, and 

the firft in Rank, meafureth all the rett. 

Secondly, Becaufe in effect the ordinary mea- 

fure of a foot, theïnch, the cubit, the pace, have 

taken their names and greatnefs from Humane 

Bodies. 
Thirdly, Becaufe the fymmetry and concor- 

dancy of the parts is fo admirable, that all 

Works which are well proportionable , as 

namely the building of Temples, ‘of Ships, of 

Pillars, and fuch-like pieces of 4 rchitectures 

are’ in {ome méafure fafhioned and compofed 

after his Proportion. And we know that the 

Ark of Noah; built by the Commandment of 

God, was in length 300 Cubits, in breadth $0 

Cubits, in height or depth 30 Cubits, fo thatthe 

length contains the breadth fix times, and ter 

times the depth; Now a Man being meafured, 

| I you 



114 Mathematical Recreation. 
you will find him to have the fame proportion in 
length, breadth, and depth. rat 

Vilalpandus treating of the Temple of Solo- 
mon (that Chieftain of Works) was modulated 
all of good Architediure, and curioufly to be ob- 
ferved in many piéces to keep the fame propor- 
tion as the Body to his parts: fo that by the 
greatnefs of the Work, and proportionable fyin- 
metry, fome dare affure themielves,thatby know- 
ledge of one onely part of that building, one 
might know all the meafures of that goodly Stru- 
ture. 

Some Architeéis fay that the Foundation of 
Houfes, and Bafis of Columns, are as the Foot 3 
the Topand Roof as the Head, the reft as the Bo- 
dy. Thofe which have been fomewhat more 
curious, have. noted that as in humane Bodies 
the parts are uniform, as the Nofe, the Mouth, 
¢c. thefe which are double are put on one fide 
or other, witha perfect equality in the fame 4r- 
chitecture- 

In like manner: fome have been yet far more 
curious than folid ; comparing all the Ornaments 
of a Corinth to. the parts of the Face, as the 
Brow, the Eyes, the Nofe, the Mouth ; the 
rounding of Pillars to the writhing of Hair, the 
Channels of Columns to the Foldings of Wo- 
mens Robes, &c- ' 

Now building being a Work of the beft Arf; 
there is much reafon why man ought to make his 
imitation from the chief Work of Nature, which 
is man. 

- Hence itis, that Vitrmvim in his Third Book, 
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qpathentatical Becteatlot, 115 
D andallthe beft Architeéfes treat of the proportion 

of man ; amongft others, Albert Dureus hath 

made a whole Book of thé meafures of Mans 

Body, from the Foot to the Head; let them 

read it who will, they may have 3. perfect 

knowledge thereof. But I will content my felf, 

and it may fatisfiefome, with that which fol- 

loweth. Kia 

Firft, thelength of a man well made, which 

commonly is called height, is equal to the di- 

flance from one end of his finger to the other: 

when the Arms are extended as wide as they 

may be. 
Secondly, if a man have his Feet and Hands 

extended or firetched in form of S, Andrews 

Crofs, placing one foot of a pair of Compaffes 

upon his Navil, one may defcribe a Circle which 

will pafs by the ends of his Hands and Feet, and 

diawing Lines by the terms of the Hands and 

Feet, you havea Square within a Circle. 

Thirdly, the breadth of Man, or the {pace 

which is from one fide to another 5 the Breatt, 

the Head, and the Neck, make the fixth part of 

all the Body taken in length or height. 

Fourthly, the length of the Face is equal to 

the length of the Hand, taken from the {mall of 

the Arm unto'the extremity of the longeft Fin: 

ex. | 
: Fifthly, the thicknefs of the Body taken from 

the Belly to the Back; the one or the other is the 

tenth part of the. whole Body, or as fome will 

have it, the ninth part, little lefs. : 

Sixthly, the height of the brow, the length eS | 
Xl 2 | the 
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the Nofe, thefpace between- the Nofe and the 

Chin, the length of the Ears, the greatnels of 
the Thumb, are perfeétly equal one to the other. 

What would you fay to make an admirable re- 

port of the other parts, if I fhould reckon them 

in their leaft? But in that I defire to be excufed, 

and will rather extra fome conclufion upon 

that which isdelivered. _ | 
In the firft place, knowing the proportion of a 

Man, it is cafe to Painters, Image-makers, Oe 
perfeétly to proportionate their works and by 
the fame is made moft evident, that which is re- 

lated of the Images and Statues of Greece, that. 
upon a day diverfe Workmen having enterprifed 

to make the Face of a man, being fevered one 
from another in fundry places, all the parts being 
made and put together, the Face was found in a 
moft lively and true proportion. . 1. 

Secondly, It is a thing moft clear, that by the 
help of propertion, the Body of Hereales was 
meafured by the knowledge of his Foot onely, 

4 Lion by his Claw, the Giant by his ‘Thumb, 
and a Man by any part of his, Body. For fo it 
was, that Pythagoras having meafured the Jeng th 

of Hercules foot, by the fteps which were left up- 

onthe ground, found out all his height: and fo 
it was that Phidias having onely the Claw of a 
Lion, did figure and draw out all the Beatt accor- 
ding to his true type or form, fo the exquifite 
Painter Timantes, having painted a Pygmey 0x 
Dwarf, which he meafured with a fadome made 

with the inch of a Giant, it was fufficient to know 

the greatnefs of that Giant. - 
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Tobefhort, we may by like method come ca- 

fily to the knowledge of many fine Antiquities 

- touching Statues, Coloffus, and monftrous Gi- 

ants, onely fuppofing one had found but one on- 

ly part of them, as the Head, the Hand, the Foot, 

or fome Bone mentioned in ancient Hiftories. 

Of Statues, of Coloffus , or huge Images 

AE relates in his fecond Book, that the 

Archite& Dinscrates being defirous to put 

out to the World fome notable thing, went to 

Alexander the Great, and propoled unto him a 

high and fpecial piece of work which he had pro- 

jected : As to figure out the Mount Athos in form 

of a great Statue, which fhould hold in his right 

hand a Town capable to receive ten thoufand 

men; and in his left hand a Veffel to receive all 

the Water that floweth from the Mountain, 

which with an Engine fhould be caft into the 

Sea, Thisisa pretty project, faid Alexander : 

but becaufe there was not field-room thereabout 

to nourifh and retain the Citizens of that place, 

Alexander was wife not to entertain the De- 

fign. 
Now let it be required of what greatnefs this 

Statue might have been, the Town in his right 

hand, and the Receiver of Water in his left hand, 

_if it had been made. 
For the Statue, it could not be higher than the 

Mountain ic felf, and the Mountain was about 

a mile in height plumb or perpendicular 4 

i therefore 



118  atbematital Recreation, 
therefore the Hand of this Statue ought to be 
the roth part of his height, which would be 509 
foot, and fo the breadth of his hand would be 
250 foot, the length now multiplied by the 
breadth, makes an hundred twenty five thoufand 
{quare feet, forthe quantity of his hand to make 
the Townin, to lodge the faid 10000 men, al- 
Jowing to each man near about 12 foot of {quare 
ground: Now judge the capacity of the other 
parts of this Coloffus by that which is already de- 
livered. 

Secondly, Pliny in his 3 4 Book of his Natural 
Hiftory, {peaks of the famous Coloffus that was 
at Rhodes, between whofe legs a Ship might pafs 
with his Sails open or difplayed, the Statue be- 
ing of 7ocubitshigh : and other Hiftories re- 
port that the Sarafens having broken it, did load 
g0o Camels with the Metal of it. Now what 
might be the greatnefs and weight of this 
Statue ? | 

For anfwer, It is ufually allowed for a Ca- 
mels burthen 1200 pound weight; therefore all 
the Coloffus did weigh 1080000 pound weight, 
which is ten hundred and fourfcore thoufand 
pound weight. | 

Now according to the former Rules, the Head 
being the tenth part of the Body, this Statues 
Head fhould be of 7 cubits, that is to fay, rofoot 
and a half, and feeing that the Nofe, the Brow, 
and the Thumb, are the third part of the Face, 
his Nofe was three foot and a half long, and fo 

. much alfo was his Thumb in length : now the 
thicknefs being always the third part of the 
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léngth, it fhould feem that his Thumb was a foot 

thick at the leaft. 

Thirdly, The faid Pliny in ‘the fame place re- 

ports that Nero did caufe to come out of France 

into Italy, a brave and bold Statue:maker called 

Zenodocus, to ere him a Coloffws of Brafs, which 

was made of 720 foot in height, which Nero cau- 

fed to be paifited in the fame height. Now would 

you know the greatnefs of the Members of this 

Coloffus ? ‘The breadth would be 20 foot, his 

Face 12 foot; his! Thumb and his Nofe 4 foot, 

according to the proportion before delivered. 

Thus have’ fair field or fubje@ to extend my 

{elf npon, ‘but it is upon another occafion thatit 

was undertaken. Let us {peak’therefore a word 

touching thé Giants, and ther pals away to the 

matter. ’ 

Of Monftrou GIANTS. 

on de will hardly believe all:that which! fay 
| touching this, neither will! believe all that 

which Authors fay upon this Subject : notwith~ 
ftanding you nor I cannot deriy but that long ago 
there havebeen Men of a moft prodigious great- 
nefs : for the Holy Writings witnefs this them- 

felves, in Deateii. that there was a certain Giant 

called Og, of the Town of Rabah, who had a 
Bed of Iron, the length thereof was 9 cubits, and 

in breadth 4 cubits. | 
So in the Firft of Kings, Chip. 17. there is 

mention’ made of Goliah, whofe height was a 
1.4 palm 
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120 6 Wathenvatical Recreation, 
palm, and 6 cubits, that ismore then 9 foot, he 
Was armed from the Head to the Foot; and his 
Curiafs onely , with the Iron of his Lance, 
weighed five thoufand and fix hundred Shekels, 
which in our common Weight is more than 233 
pound, of 12-ounces to the pound. Now itis 
certain, that the reft of his Arms, taking his Tar- 
gct, Helmet, Bracelets, and other Armour toge- | 
ther, did weigh at the leaft five hundred pound, 
a thing prodigious ; {eeing..that the ftrongeft 
man that now: is, can hardly, bear.200 pound 3 
yet this Giant carries this.as a Véfiüre without 
pain. 

Solinus reporteth in his 5.Chapter of his Hi- 
ftory, that during the Grecians War after a great 
overflowing of: the Rivers, there was found up- 
on the Sandsthe Carcafe ofa man, whofe length 
was 33 Cubits, (that is 49 foot and a half). there- 
fore according to the proportion delivered ; his 
Face fhould be five foot inlength, a thing prodi- 
gious and monftrous. 

Pliny in his 7,Book. and 16 Chap. faith, that 
in the Ifle of Crete, or Candy, a Mountain being 
cloven by an Earth-quake , there was a Body 
ftanding upright, which had 46 cubits of height. 
Some believe that. .it was the body of Orion or 
Othos, (but I think rather it was fome Ghoft,: or 
fome Delufion) whofe Hand fhould have been 
7 foot, and his Nofe two foot and a half long, 

But that which Plutarch in the Life of Sertovius 
reports of, ,ismore firange, who faith, That in 
Jimgy, a Morative Town, where it is thought 
cui! | 53 that 
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Mathematical Recredtion, sat 
that the Giant Authews was buried : Sertorius not | 

believing that which was reported of his prodi- 

gious greatnefs, caufed his Sepulchre to be open- 

ed, and found that his Body did contain fixty 

Cubits in length, then by proportion he fhould 

| be ten Cubits, or fifteen foot in breadth; nine 

foot for the length of his Face, three foot for his 

Thumb, which is nearthe capacity of the Coloffus 

at Rhodes. 
But behold herea fine Fable of Sympboris Cam- 

pefius, in his Book intituled Hortus Galicws, who 

{ays that in the Kingdom of Sicily, at the foot of 

a Mountain near Trepane, in opening the foun- 

dation of a Houfe, they founda Cave in which 

was laid a Giant, which held initead of a Staff 

a great Poft like the Maft of a Ships and going 

to handle it, it moulder’d all into Afhes except 
the Bones which remained of an exceeding great 

meafure, that inhis Head there might be eafily 
placed 5 Quarters of Corn, and by proportion 
it fhould feem that his length was 200 cubits, or 
300 foot; if he had faid that he had been 300 
cubits inlength, then he might have made us be- 
lieve that Noahs Ark was but great enough for his 
Sepulchre. 
Who can believe that any man ever had 20 

cubits, or 30 foot in length tor his Face, and a 
Nofe of ten foot long ? But it is very certain 
that there have been men of very great ftature, 
as the holy Scriptures before witnefs, and many 
Authors worthy of belief relate. 

Fofephns Acofta in his firft Book of the Indian 
Hiltory, Chap.19..a late Writer, reporteth, that 
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122 «Mathematical Recreation, 
at Perx was found the Bones of a Giant which 
was 3 times greater than thefe of ours are, that 
is1$footsfor there is ufually attributed to the tall- 
eft ordinary man in thefe our times but fix foot of 
length ; and Hiftories are full of the defcription 
of other Giants of 9, 10, and 12 foot of heighr, 
and there hath bin feen in our times fome which 
have had fuch heights as thefe. 

PROBLEM EXXI. 

Of the Game at the Palm, at Trap, at Bowles, Pail- 
mail, and others. 

He Mathematicks often findeth place in fun- 
dry Games to aid and aflift the Gamefters, 

though not unknown unto them ; hence by Ma- 
thematical Principles, the Games at Tennis may 
be afifted, for all the moving in it is by right 
Lines and Refle@ions. From whence comes it, 
that from the appearances of flat or convex Glaf- 
{es, the production and reflection of the Species 
are explained? Is it not by Right Lines? In the 
fame proportion one might fufficiently deliver 
the motion of a Ball or Bowl by Geometrical 
Lines and Angles. 

But the exercife, experience, and dexterity of 
the Player feems more in this action than any o: 
ther Precepts: Notwithftanding I will deliver 
here fome Maximes, which being reduced to Pra- 
dice, and joyned to Experience, will give a great 

| advan- 
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Wathematical Becveation, 123 
advantage to thofe which would make ufe of 
them in fuch gamings, 

And the'firlt Ma- ‘# 
ximeis thus : When 
a Bowl toucheth a- 

nother Bow] an, OF < … 

when a Trap-ftik © 28... 

ftriketh the Ball; the : eet ‘iy 

moving of the Ball is eee
 

made ina ‘right line, a 

which. is drawn 

from the Centre of the Bow] by the point of 
con- 

tingency. 
Secondly, In.all kind of fuch motion, when a 

Ball or Bow! rebounds,be it either againft Wood, 
a Wall, upon a Drum, a Pavement, or upon a 
Racket, theincident Angle is always equal to the 
Angle of reflection. 

Now following thefe Maximes, it is eafie to 
conclude, 

Firft, In what part of the Wood or Wall one 
hay make the Bow! or Ball go toreflect or re- 
bound, to fuch a place as one would. 

Secondly, How one may caft a Bowl upon ano- 
ther, in fuch fort that the firft or the fecond fhall 
go and meet with the third, keeping the refle- 
Ction or Angle of incidence equal. 

Thirdly, How one may touch a Bow! to fend 
it to what part one pleafeth : fuch and many 

other practices may be done. Attheexercifes at 

Keyls there muft be taken heed that the motion 
flack or diminith by little and little, and may be 
noted that the Maximes of ReficCtions cannot be 

Pig exactly 
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124 Oathematical Recveation, 
exactly obferved by local motion, as in the beams 
of light, and of other qualities, whercof it is 
neccffary to fupply it by induftry or by firength : 
otherwife one may be fruftrated in that refpect. 

PROBLEM LXxII 

Of the Game of Square Forms 

Umbers have an admirable fecrecy, diverfly 
applied, as before in part is fhewed, and 

here I will fay fomething by way of Tranfmuta- 
tion of Numbers. 

{t is reported that at a certain paffage of a 
fquare form, there were 4 Gates oppolite one to 
another; that is, onein the middle of each-fide, 
andthat there were appointed 9 men to defend 
each front thereof, fome at the Gates, and the 

other at each corner or Angle, fo that each An- 
gle ferved to afhit two Faces of ‘the {quare, if 

necd required: Now this {quare paflage being 
thus manned to have each fide 95 it happened 
that 4 Souldiers coming by, defired of the Go- 
vernour of the paffage, that they might be en- 
tertained into fervice, who told them he could 
not admit of more than 9, upon each fide of the 

(quare : then one of the Souldiers being verfed in 
the Art of Numbers, faid, that if he would take 

them jnto pay, they would eafily place themfelves 
amoneft the reft, and yet keep ftill the order of 
9, for each face of the fquare to defend the An- 

gles 
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lity} gles and Gates, to 

| which. the. Gover- 
| nour agreed, and, 

à _thefe Souldiers being | 
— | chere fome . few 

weeks , liked not 
their fervice, but in- 

| deavoured to re- |- 
move , themfelves , ~~ | 

| and fo laboured with fome of the reft, that each 
vey |» of thefe four Souldiers took away his Comrade 
and @ with him, and fo departed; yet left to defend 
‘mye | each fide of the paffage, and how may this be? 

D — It’sanfwered thus: In the firft form the men 
ofa ) were as the figure 4, then each of thefe 4 Soul- 
neto | diers placed themfelves at each Gate, and remo- 
ide, À Ving one man from each Angle to each Gate,then 
nd | would they be alfo 9 in each fide, according to 
dite |) the figure B. Laftly,thefe 4 Souldiersat the Gates 
|, jn. M take away each one his Comrade,and placing 2 of 
x if thefemen which are at each Gute to each Angle, 
bing | chere will be ftill 9 for each fide of the fquare, ac- 
ved |) cording to thefigureC. In like manner it there 

«Go || were 12 men, how might they be placed about a 

wan | Square that the firft fide fhall have 3 every way, 

ut 1 then difordered, fo that they might be 4 every. 
athe ays and laftly, being tranfpofed might make 5 
din À every way? And this is according to the Figures 

ul RGH 
PR Os 
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PROBLEM LxxIill. 

How to make the String of 2 Viol fenfibly hake, 
without any one touching tt ? 

4 ] ‘His is a Miraclein Mufick, yet cafe tobe 
experimented. Take’a Viol, or other In 

ftrument, :nd choofe two Strings, fo that there 
be one between them; make thefe two Strings 
agree in one and the fame tune: then move the 
Viol-bowe upon the greater String, and you fhalt 
{ce a wonder: for in the fame time that that 
fhakes which you play upon, thé other will like. 
wife fenfibly fhake without any one touching its 
and it is more admirable that the String which is 
between them will not fhake at all : and if you 
put the firft String to another tune or note, and 
loofing the pin of the String, or ftopping it with 
your finger in any fret, the other String will not 
{hake : and the fame will happen if you take two 
Viols, and firikeupon a ftring of the one, the 
ftring of the other will fenfibly fhake. 

Now it may be demanded, how comes this 
fhaking? Isit in the occult fympathy,, or is it in 
the firings being wound up to like notes or tunes, 
that fo eafily the other may receive the impreflion 
of the Air, which is agitated or moved by the 
fhaking or the trembling of the other? And 
whence is it that the Viol-bowe moved upon the 
firft firing, doth inftantly in the fame time move 
the third firing, and not the fecond, if the caufe 
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be not either in the firft or fecond ? I leave to 
others to defcant on. 

Œtamination, 

i, this Examination we have fomething elfe to ima- 
gine than the bare fympathy of the Cords one to 

another : for firft there ought to be confidered the 
different effect that it produceth by extention upon one 
and the fame Cord in capacity: then what might be 
produced upon different Cords of length and bignefs 
so make them accord in a Unifone or Oëtavo, or fome 
Confort intermediate : this being naturally examined, 
it will be facil, to lay open a way to the knowledge of 
the true and immediate caufe of this noble and admi- 
rable Pheenomeny. Now this will fenfibly appear 
when the Cords are of equal length and greatnefs and 
Set toan Unifone; but when the Cords differ from 

| their equality, it will be le{$ fenfible : bence in one and 
| the fame Inflrument,Cords at a Unifone foall excite or 
Shake more than that which is at an OGavo, and more 
than thofe which are of an intermediate proportional 
Confort: as for the other Conforts they are not exempt- 
ed, though the effect be not fo fenfible, yet more ig one 
than in another : and the Experiment will fem more 
admirable in taking two Lutes, Viols, &c. and in 
Setting them to one tune : for then in touching the Cord 
of the one, it will give a fenfible motion to the Cord of 
the other: and not only fo, but alfo a Harmony. 

PRO- 
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128 © Mathematical Recreation: 

PROBLEM EXXIV. 

Of a Veffel which contains three feveral kends of 

* Liquor, all put in at one Bung-bole, and drawit 

ont at one Tap feverally without mixture. 

ga He Veffel is thus made, it malt ‘be divided 

into three Cells, for to contain the three 

Liquors, which ‘admit to be Sack, “Claret, and 

White-wine: Now in the Bung-hole there is an’ 

Engine with three Pipes, each extending to his 

proper Cell, into which there is put a Broach or 

Funnel pierced in three places, in fuch fort, that 

placing one of the holes right againit the pipe 

which anfwereth unto him, the other two pipes 

are ftopped 3 then when it is full, turn the Fun- 

nel; and then the former hole will be ftopped, and: jj 

another open, to caft in other Wine without mix= 

ing it with the other. 
Now to draw out alfo wishout mixture, at 

the bottom'of the Veffel there mult be placed a 

Pipe or Broach, which may have three Pipes 3 

and a Cock pierced with three holes fo artificial 

ly done, that turning, the Cock, the hole which 

anfwereth to fuch of the Pipes that is placed at 

the bottom may iffue forth fuch Wine as belong- 

eth to that Pipe, and turning the Cock to ano- 

cher Pipe, the former hole will be ftoppels "1 | 
o 

|. 
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wWathematical Recreation. 
fo there will iffue . 
forth another kind : 
of Wine without any 
mixtures 3 but the © 
Cock may be fo ot- 
dered that there may 
come out by it two 
Wines together, ot + . 
all three kinds at <— 
once: but it feems ) 
beft when that in one Veffel and at one Cock, a 
man may draw feveral kinds of Wine, and which 
he pleafeth to drink. 

PROBLEM LXXV. 

Of Burning-Glaffes. 

i this infuing Difcourfe I will thew the inven- 
tion of Prometheus, how to fteal fire from Hea- 

ven, and bring it down to the Earth ; this is done 
by a little round Glafs, or made of Steel, by which 
one may light a Candle, and take it flame, kins 
die Fire-brands to make them burn, melt Lead, 
Tin, Gold, and Silver, in’a little time: With as 
great eafe asthoügh it had been put into a Crus 
zct OVer a great fire. - | 

Have you not read of Archimedes of Syracu+ 
fz, who when he could not come to the Ships of 
Marcellus which befieged that place, to hin- 
der and impeach their approacli, ‘he flung huge 
{tones by his Engines to fink them into the Sea, 
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130 © Mathematical Mecveatiort. 
and transformed himfelf into Fupiter, thuhdes 
ing down from the higheft Towers of the Towns 

his Thunder-bolts of Lightning into the Ships; 

caufing a terrible burning, in defpite of Neptune 
ane TE . ‘and his Watry Ré: 

ion: .Zonaras wit= 
AY; nefleth that Procius a 

| brave. Mathematicis 
| an, burred in the 

fame imanñer the 
°, Ships’ of Vitalzax, 

which were come to 
befieg Conftantinoples 

and daily experience may let you fce great cffeéts 

of burning: for a Bowl of Cryftal polithed, or 

aGlafs thicker-inthe middle thanjat the edges, 

will burn exceedingly; nay a Bottle full of Wa- 

ter expofed tothe Sun, will burn when the Sun 

fhineth hot; and children ufe with a Glafs to 

burn Flies which are againit the Walls, and their 

fellows Cloaths. : 

But this is-nothing, to. the burning of thofe 

Glaffes whichate hollow,namely thofe which are 

of Steel well polithed, according to a parabolical 

6r.oval {ection., A fpherical Gla{s,!.or that which 

is according to the fegment of a Spheres burns ve- 

ry effectually about the fourth partof the Diame- 

ter; notwithftanding the Parabolie.and,Eclip- 

tick feGtions havea great, effect : by, which Glaf- 

{es there are allo divers Figures reprefented torch 

totheEye...sl4 indy b idwe | 

The-caufeof thisburning is the uniting of the 

beams of the Sut; which -heat mightily in the 
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mathematical Recreation, 13" 
À pointof concourfe or inflammation; which is ei- 

ther by Trän{miffian or Refleétion:: : Now it is 
pleafant to behold when one breatheth in the 

À point of concourfe,or throweth {mall duft there, 
or {prinkles vapours of hot Water im that place, 
by which the Pyramidal point,or point ofinflam- 
mation is known. “Now fome Authors promife 
to make Glaffes which fhaltburn a great diftance 
off, but yet not {een vulgarly produced, of which 
if they were made, the Parabolie makes the grea- 
teft effect, and is generally held: to:bethe inven- 
tion of Archimedes ox Proclus. 

Maginus in the 5 Chap.of his T reatife of Sphe- 
rical Glaffes; fhews how one may ferve himfelf 
with a concave Glafs, to light fire in the fhadow, 
or near fuch a place where’ the Sum fhines not, 
which is by help of a flat Glafs, by which may 
be made a percuflion of the beams of the Sun in- 
to the concave Glafs; adding untoit that it ferves 
to good ufeto putifireto a Mine, provided that 
the combuftible matter be wellapplied beforethe 
concave Glafs; in which he {ays true: butbe- 
caufeall the effe& of the practice depends upon 
theplacing of the Glafs and the Powder which he 
{peaks not of: E will deliver here a Rule more 
general. | 

How one may place a Burning-glaff with bis comba- 
fiible matter, in fuch fort, that at a.convenient hour 
of the day,the Sun fhining,it foall take fire or burn. 

T is certain that the point of inflammation or 
burning, ‘is changed as the Sun ‘changeth 

place and no'niorenor'lefs than the fhadow turns 
K:2 about 



132 Mathematical Recreation. 
about the Style ofa Dyal; therefore have regard 
to the Suns motion and his height and place: a 
Bow! of Cryftal in the fame place that the top of 
the Style is, and the Powder or other;combutti- 
ble:matter under the Meridian, or hour of 12, 
I,.2,3,@c.orany other hour, and under the 
Suns Arch for that day: Now the Sun coming 
to the hour of 123 to. 1, 2,3» @c. the Sun cafting 
his Beams through the Cryltal Bowl, will fire the 
material or combuftible thing, which meets in the 
point of burning :: The like may be obferved of 
other Burning-glaffes. 

 Erainination. 

] T is certain in the firft part of this Problem, that 
Conical; Concave, and Spherical Glaffes, of what 

matter foever, being placed to receive the beams of 
the Sun, will excite heat, and that heat is fo much 
the greater, by how much it 6 near the point of con- 
courfe or inflammation. But that Archimedes or 
Proclus did fire cr burn Ships with fuch Glaffes, the 
ancient Hiftories are filent, yea themfelves fay no- 
thing : befides the great difficulty that doth oppofe it 
in remotenef, and the matter that the effect is to work 
upon. Now by a common Glafs we fire things near 
at band, from which it feems very facil touch which 
are lefs read, to doit at a far greater diftance, and fo 
by relation fome deliver to the World by fuppofition 
that which was never done in atiion “ 1bis we fay the 
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apathematical Recveation, 133 
rather, not totake away the moft excellent and admi- 

rable effects which are in Burning-glaffes, but to (he 

the variety of Antiquity, and truth of Hiftory : and 

as touching toburn at agreat diftance, a i faid of 

fome, it is abfolutely impofibles and shat the Para- 

bolical and Oval Glaffes were of Archimedes. and 

Proclus invention is much uncertain : for befides the 

conftruction of fuch Glaffes, they are more difficult 

than the obtufe concave ones are > and further, they 

caft not a great beat but near at hands for if it be 

caft far off, the effect is little, and the beat weak, or 

otherwife fuch Glaffes muft be greatly extended to con- 

tract many beams to amafs a fufficient quantity of 

Beams in Parabolical and Conical Glaffés, the paint 

of inflammation ought to concur in a point, which is 

| very difficult to be done in a due proportion. More- 

| oper if the place be far remote, as is fuppofed before, 

fuch a Glafs cannot be ufed but at a great inclination 

of the Sun,by which the effect of burning 4 diminifhed 

by reafon of the weakuefs of she Sun-beams. 
And bere may be noted in the laft part of this Pro- 

blem, that by reafon of obfacles if one plain Glafs, 

be not fufficient, a fecond Glafs may be applied to belp 

it: that fo if by.one fimple refleciion it cannot be 

done, yet by a double reflection the Sun-beams may 

be caf into the faid Cavern or Mine, and though the 

refleied Beams in this cafe be weak, yet upan 2 fit 

ssmbuftible matter it will not fail to do the effect. 

K 3245 wot. Baws 
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PROBLEM EXXVI 

Containing many pleafant Queftions by way of |” 
Arithmetick, PP | 

] Willnot infért inthis Problem that whichis | .. 
drawn from. the Greek Epigratns, but pro- - } ” 

pofing the Queftion, immediately will give the | 
Anfwer allo, without flaying to fhew the man- 
ner how they areanfwered; In this F will not 
be tied tothe Greek Terms, which T account not 
proper for this place, neither to my purpofe. 1, 
Let thofe that will read Diophanta Sebeubelius .\\ 
npon Exelide and others, and they may be fatis- "} 
fed, , 

Of ihe Afs and the’ Mule. 

1° happened that the Mule and the Afs upon a 
À day making a Voyage, éach of them carried a 
Barrel full of Winé : now the lazy Afs fecling her 
felf over-loaden, complained and bowed under 
her burthen 3 whichthe Mule feeing, faïd unto 
her, being angry, (for it was in the time when 
Beafts{pake) Thou great Afs, wherefore com- 
plaineft thou ? If I had but onely one méalure of . 
that which thou carrieft, I fhould be loaden twice 
as much asthou art; and if I fhould give a mea- 
fure of my loading to thee,yet my burthen would 
beasmuchasthine, 

Now 
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Now how many meafures did cach of them 

carry 2) Anfwer: The Mule did carry 7 meafures, 

and the Af5 3 meafures: For if the Mule had one 

of the meafures of the Affes loading, then the © 

Mule would have 8 meafures, whichis double to 

4, and giving On€ to che Afs, each of them 

would have equalburthens: to wit, 6 meafures 

apiece. 

Of the Number of Souldiers that fought before 

Old Troy. 

Grécian Souldiers came againtt Troy ? An- 

fwered him:thus : : The Grecians, {aid Homer, 

made 7 Fires, or had 7 Kitchins, and before eve- 

ty Fire, orinevery Kitchin there were 50 Broa- 

ches turning to roait a great quantity of Ficth,and 

each Broach had ‘Meat enough to fatisfie 900 

men: Now judge how many men there might 

be. Anfwer: 3150003 tharis, three hundred 

and fifteen thouland men: which is clear by mul- 

tiplying 7 by 50, and the product by 900 makes 

thefaidz 150008... ” at 

ane being asked by Hefiodus how many 

OF the Number of Crovns that tro Men had. 

Obn and ‘Peter had a certain number of crowns: 

Fobn aid to Peter, If you give me 10 of your 

crowns, Dfhall have three times as muchas you 

have: but Peter faidto Fobu, If yougive mere 

of your crowns,’ I fhall have 5 times as much. as 

you have : How much had each of them ?)An- 

K 4 {wer, 
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136 Mathematical Recteationt. 
{wer, Fobn had 15 crowns and 5 fevenths of a 
crown, and Peter had 18 crowns arid 4 fevenths 
of acrown. For if you add 10 of Peters crowns 
to thofe of Fous, then thould Fobn have 25 
crowns and 5 fevenths of acrown, which is tri-- 
ple to that of Peters, viz. 8, and 4 fevenths: and 
Fobn giving 10 to Peter, Peter fhouldhave then 28 
crowns, and 4 fevenths of a crown, which is 
Quintupla, ox § times as much as Fobn had left, 
Wize 5 crowns and 5 fevenths. 

In like manner two Gamefters playing toge- 
ther, 4 and B, after play A faid to B, Give me2 
crowns of thy money, and I fhall have twice as 
much as thou haft : and B faid to 4, Give me2 
crowns of thy money, and { fhall have 4 timesas 
much as thou haft: now how much had each?An- 
fwer, A had 3 and 5 fevenths,and B had 4 and 6 
fevenths,  : 

About she bour of the day. 

Ome one asked a Mathematician what aclock 
it was; who anfwered that the reftof the 

day is four thirds of that which ispaft: Now 
judge whata clock itis. Anfwer : If the day 
were according to the Jews and ancient Romans, 
which made it always tobe 12 hours, i¢ was then 
‘the 5 hour, and one feventh of an hour, fothere 
remained of the whole day 63, thatis; 6 hours, 
and 6 fevenths of an hour, Now if you take 
the: of 53, it is +’, or rand £7, which multi- 
plied by ‘4 makes 6 and £, which is the remain- 
der of the day, as before: but if the day had been 
24 hours,then the hour had: been teri of the shen 
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There might have been added many curious 
sur à Propofitions in this kind, but they would be too 

à difficult for the moft part of People : therefore J 
à have omitted them, < 

Of Pythagoras his Scholars, 

| Prism being asked what number of Schol- 
lars hehad, anfwered that half of them ftu- 

| died. Mathematicks, the fourth part Phyfick, the 

feventh part Rhetorick, and befide he had 3 Wo- 
men: Now judge you, faith he, how many Scho- 
larsLhave, Anfwer: He had inall 28, thehalf 

| of whichis 14, the quarter of which is 7, and 
| the feventh part of which is 4, which 14, 7, 
) and 4, makes 25, and the other 3 to make up the 

28, were the 3 Women. 

Of the Number of Apples given amongit the Graces 
and the Mufes. 

He Three Graces carrying Apples upon a. 
day, the one as many as the other, met 

' withthe Nine Mufes, who asked of them fome of 
| their Apples ; fo each of the Graces gave to 

each of the Mufes alike, and the Diftribution 
being made, they found that the Graces and the 
Mules had one as many asthe other: The que- 
ftion is, How many Apples each Grace had, and 

how 
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how many they gave to each Mufe? To anfwet 

the queftion, joyn the number of Graces and 

Mufes together, which makes 12, and fo many 

Apples had each Grace: Now may you take the 

double, tripple, ce. of 12, that is 24, 36, Ge 

conditionally, that if each Grace had but 12; then 

may there be allotted to each Mufe but one one. 

ly; if 24, then to each 2 Apples, if 26, then to 

each Mule 3 Apples, and fo the diftribution be- 

ing made, they have a like number, that is, one | 

as many as the other. 

Of the Tetament or laft Will of a dying Father. 

Dying Father left a thoufand Crowns a- 

mong his two Children, the onebeing le- 

itimate, and the other a Baftard ; conditionally, 

that the fifth part which his legitimate "Son 

fhould have, fhould exceed by 10 the fourth part 

of that which the Baftard fhould have : ‘What 

was each ones part? Anfwer: The legitimate 

Son had «77 crowns, and 3, and the Baftard 422 

crowns and 2, now the fifth part of 577 and 7 

ninths is115, and, and the fourth part of 422 

and 3 is 105 and $, which is lefs than 115.5 by 

10, according to the will of the Teftator. 

Of the Cups of Crocfus. 

(rer gave to the Temple of the Gods'fix | 

Cups. of Gold, which weighed together | 

600 Drams, but each Cup was heavier one than 

another by one Dram: How much did each of 

| them 

¢ 
4 

them 

| td 10 

1 anda 
a { 

| fourti 

À thew 

À which 



cS and i 
) Hany Fe 

ke the at 

6, ox l 

, thea ie 
Ont. | 

hen (0m 

n be. I 
one M 

imate M 
) Al 

10.422 | 

| of 422 | 
sit M 

aibenratical Recteation. 139 
| them therefore weigh? Anfwer : The frit. weigh- 

ed 102 Drams and a half, thefecond 101 Drams 

and a half, the third 100 Drems and a half, >the 

fourth gg'and a half, the fifth 98 and a half, and 
the fixth Cup weighed 97 Drams and a half; 

which together make 600 Drams, as before, 

Of Cupid's Apples. 

Ce complained to his Mother that the 

Mufes had taken away his Apples; Clio, 

faid he, took from me the fifth’ part, Euterpe the 
twelfth part, 'Tbulia the cighth part; Melpomene 

| the twentieth part, Erates the feventh patt, Terp- 

omenes the fourth part, Polyhymuia took away 

30, Urania 120, and Caliope 300 ; fo there were 
left me but & Apples: How many had he in allat 
the firft ? Y'anfwer 3360. : 

There ave an: infinite of fuch-like Queftions a- 

mongftthe Greek Epigrams : but it would be unpleae 

fant to exprefs them all: Iwill onely add one vivre, 

and Jpew a general Rule for all the re. | 

+ Of a Mans Age. 

Man was faid to pafs the fixth pastof his 

Life in Childhood, the fourth part in his 

Youth, the third part in Manhood, and 18 years 

befide in old Age: What might his Age be? The 

Anfwer is, 72 years: which, and all others, ts 

thus refolved: multiply +2 and } together, that 

js, 6 by 4 makes 24, and that again by 3 makes 

725 

ert onto ec - thsi dar ms sees: 3 si Aare ee 

Ss PE EGE 
are OA | eee I a, s 
Po $e ar ne ge A RS 



ge mm 

ae = 

= = s ~ 

4 mil eg tt 
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72, then take the third part of 72, which is 24, 
the fourth part of it, which is 18, and the fixth 
part of it, which is 12, thefe added together 
make 54, which taken from 72 refts 18, this di- 
vided by 18, (fpoken in the Queftion) gives 1, 
which multiplied by the {um of the parts,viz.72, 
makes 72, the Anfwer as before. 

Of the Lion of Bronze placed upon a Fountain with 
* this Epigram : SPRINT 

OO"! of my right Eye if I Jet Water pafs, I can 
fill the Cifternin 2 days :: if I let it pafs 

out of the left Eye, it will be filled in 3 days: if 
it pas out of my feet, the Ciftern willbe 4 daysa 
filling ; but if I let the Water pafs out of my 
mouth, Ican fill the Ciftern then in 6 hours: in À 
what time fhould Ifillit, if I pour forth the Wa-_ | 
ter at all the paffages at once ? | 

The Greeks (the greateft calkers in the world) 
varioufly apply this Queftion to divers Statues 
and Pipes of Fountains: and the Solution is. by 
the Rule of Three; by a general Rule, or by 4/- 
gebra. Theyhavealfoin their Anthology many 
other Queftions,- but becaufe they are more pro- 
per to exercife than to recreate the Spirit, I pafs 
them over (as before with filence, | 
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Mathematical Recreation, 143 

PROBLEM LXXVIL. 

Divers. Excellent and Admirable Experiments upon 
Glaffes. 

1 Here is nothing in the world fo beautiful as 
Light: and nothing more recreative to the 

fight, than Glaffes which refle&: therefore I will 
now produce fome Experiments upon them, nor 
that I will dive into their depth (that were to lay 

| open.a myfterious thing) but that which may de- 
light and recreate the Spirits: Let us fuppofe 
therefore thefe Principles, upon which is built 
the demonftration of the apparances which are 
made in all forts of Glaffes. 

Firft, That the Rays or Beams which refle& 
upon a Glafs, make the Angle of Incidence equal 
to the Angle of RefleGtion, by the firlt Theo. of 
the Catoptick of Exc. 

Secondly; That in all plain Glaffes, the Images 
| are feen in the perpendicular Line to the Glafs, as 
à far within the Glafs as the Object is without it. 

Thirdly; In concave or convex Glaffes, the 
Images are feen in the right line which paffeth 
from the Object, and through the Centre in the 
Glafs. Theo.17. and 18. 

And here you are to underftand, that there is 
not meant onely thofe which are fimple Glaffes, 

| or Glaffes of Steel, but all other Bodies , which 
_ may reprcfent the vilible Image of things, by 

reafon 
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reafon of their reflection, as Water, Marble, 
Metal, or fuch like. Now take a Glafs in your 
hand, and make Experiment upon that which 
followeth. 

0 

Experiments upon flat and plain Glaffés. 

pr À man cannot fee any thing in thefe 
Glaffes, if he benot directly and in a per- 

pehdicular line before it, neither can he fee an 
Object in thefe Glaffes, if ic be not in fuch a 
place that makes the Angle of Incidence equalto 
the Angle of Reflection: therefore when a Glafs 
fands upright, that is, perpendicular to the Ho- 
rizon, you cannot fee that which is above, ‘ex- 
cept the Glafs be placed down flat : and to {ee 
that‘on the right hand, you muft be on the left 
hand, ¢c. 

Secondly, An Image cannot be feen in a Glafs, 
if it benot raifed abovethe furface of it 5 orplace 
aGlafs upon à Wall, ‘you fhall fee nothing 
which is upon the plain of the Wall; and place 
it upon a ‘Table or Horizontal Plain, you fhallfee 
nothing of that which is upon the Table. 

Thirdly, In a plain Glafs alkthatis feen ape 
pears or feems to fink behind theGlafs, as ‘much 
asothe Image is before the Glafs. as before is 
faid. | 

Fourthly, (Asin Water) a: Glafslying down 
flat or Horizontal, Towers, Trees; Men, or any 

height doth appear inverfed or upfide-down; and 
a Glaf placed upright, the right hand of the 
Image feems to be the left, and the left feems to be 
the right. Fifthly, 
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ae | : -Fifthly, Will you féc in a Chatnber that which 

Nyon | is done in the Street, without being féen ? Then 

wich © 4:Glafs mutt be fo difpofed, thatthe Line upon 
which the Images come on the Glafs, make the 

| Angle of Incidence equal to that Angle of Re- 

à flection. 

Sixthly, An height, (as fuppofe D E) may be 

‘the meafured by a plain Glafs, as let the Glafs be G, 

int.) placed down uponthe ground, and let the Eye 

lem § beat C, fofarremo- g 7 TNT 

lihg ved from the Glafs, 

qualto à that the Eye at C, 

Chi) may fee the top. of | 

ki 8 the Tower E inthe |} 7 

et À Angle or edgeof the ~ — 

of Glafsat 4,but in the | 

he lt @ Line of reflection C4, : 

i then mealure the di- | 

Gu, fiance between your 
orga foot B, and the point 

rotting BA, and alfo the di- 

place 
Hi à Glafs 4,and the 

foot: 

ct | 
uch 1 

fore 1 | 

p down 

Of any 1 Mat 
Wei all 

1 of 
me 
pl 

| ftance between the wen ye 

| of the Tower D,i-vi%- 4 D. Now as often,as 

| AB isfound in AD; fo often doth the height of 

| the Tower ED contain the diftance from your 
j 

| Eye to the foot,viz GB, for the Triangles 4, B; 

| Cyand A, D, E,areéqual Triangles: therefore as 
if 

BA tod D; lo-GB; to ED, of alternately ‘as 

| BAtO BC, {o.4Dto DE. ry 

> Seventhly ,-Prefent a-Candle, upon a plain 
| Glafs, and dook iflaunting upon: it, fo that the 
| Candle and the Glafs be nearin aright Line, yo 
|] fhall 
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fhall {ee 3,4, 5 ,@c. Images.from one and the fame | 
Candle 

Eiehthly, Take two plain Glaffes, and hold. | 
them oneagainft theother, you fhallalternately | 
fee them oftentimes one within the other, yea | 
within themfelves, again and again. 

Ninthly, {fyou hold a plain Glafs behind your 
head, and another before your face, you may fee | 

À decanje 

# there 
À accord 

| Jo ma 

À at In 
| fui 

the hinder part of your head, in that Glaf which 
you hold before your face. 

Tenthly, You may have a fine Experiment if 
you place two Glaffes together, that they make 
an acute Angle, and fo the leffer the Angleis, the 
more apparances you {hall fee, the one direct, the 
other inverfed,the one approaching and the other 
retiring. 

Eleventhly, Itis a wonder and aftonifhment to 
fome, to fee within a Glafs an Image, without 
Knowing from whence it came, and it may be 
done many ways: as place a Glafs higher than 
the Eye of the Beholder, and right againft it is 
forme Image; fo it refteth not upon the Beholder, 
but doth caft the Image upwards. Then place 

Perceiving it being hid behind fomething , for 
then the Glafs will reprefent a quite contrary 
thing, cither that which is before the Glafs,or that 
which is about it, to wit, the other hidden objet, 
Twelfthly, If there be ingraved behind the back- | 

fideofa Glafs,or drawn any Image uponit, it will} 
| appear before as an Image, without any:appear2 

ance ox portraicture to be perceived. 
Œrami- | 

ih 

h 

thtign 
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another object, fo that it refle@, or caft the image | 
downward tothe Eye of the Speétator, without : 
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Œraminatiôn. 

Hi Twelfth Article of engraving an Image be: 
bindthe Glafs, will beof no great confequence; 

becaufe the lincaments will feem fo obfcure + but if 
there were painted fome Image, and then that covered 
according tothe ufual covering of Glaffes behind, and 
fo made up like an ordinary Looking-Glafs, having 
an Image in the middle, in this refpeët i: woaild be 
Sufficiently pleafant : and that which would admire 
theignorant, and able to exercife the moft fubtilleft, 
and that principally if the Gla be in an obfcure 
place, and the Light which is given to it be fome- 
what far off. 

Hirteenthly, Place a-GlafS near the floor of 
a Chamber, and make a héle chrough the 

place-under the Glafs, fo that thofe which are be- 
low may not perceive it, and: difpofe, a bright 
Image under the hole; fo that it may caft his fpe- 
cies upon the Glafs, and it will caufe admiration 

to thofe which are below that know net the caufe: 
The fame may be done by placing the Image in as 

Chamber adjoyning, and fo make it to be feen 

upen the fide of a Wall. | kg 

Fourteenthly, In thefe Channel-Images which 

thew one fide a Deaths Head, and another fide a 

fair Face, and right before fome other things ic 

is a thing evident, that fetting a plain qu 
| & 10¢5 
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146 Batherraticat Recreation 
fidewife to this Image, you fhall fee it in a con- 

fore fidewile. 
Fifteenthly, Lafily, It isa fine fecret to prefent 

unto a plain Glafs Writing with fuch induftry, 

that one may readit inthe Glafs, and yet out of 

the Glafs there is nothing to be Known, which 

will thus happen, if the Writing be writ back- 

ward : but that which is more firange, to fhew a 

kind of Writing toa plain Glafs, it fhall appear a- 

nother kind of Writing both againft fenfe and 

form; as if there were prefented,to the Glafs 

WEE, it would thew it MET ; if it were writ- 

ten thus, MIV, and prefented: to, the Glafs, it 

would appear thus VIM for in: the firft, if the 

Glafs lie flat, then the things are inverfed thatare 

perpendicular to the Glafs if the Glafs and the 

Object be upright, then that on the right hand is 

_ turned to the left, as in the latter. 

And here I ceafe to {peak further of thefe plain 
Glaffes, either*of the admirable multiplications, 

or appearances, whichis made ina great number 
of them; for tocontent the fightin this particu- 

lar, one muft have recourfe to. the Cabinets of 

Great Perfonages who inrich themfelves with 
moft beautiful ones. | 

Experiments upon’ Gibbous or Cantex Spherical 
Glaffese . 

great Globe of Glafs, there is fingular con- 
] F they be inthe formof a Bowl, or part of a 

ten tment to contemplate on them. 
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Firft, Becaufe they prefent the Objects lefs and 

more gracious, and by how much more the Ima- 
ges are feparated from the Glafs, by fo much the 
more they diminifh in magnitude. 

Secondly, They that thew the Images plaitirig, 
or folding, which is very pleafant, efpecially 
when the Glafs is placed down, and behold in it 
fome blanching, feeling, ec. Theupper part ofa 
Gallery, the porch of a Hall, &c. forthey willbe 
reprefented as a great Veffel having more belly in 
the middle than at the two ends, and Pofts and 

 Joifts of Timber will feem as Circles... : 
Thirdly, That which ravifheth the Spirits by ° 

the Eye, and which fhames the beft Perfpective . 
Painting that a Painter can make, is the beautiful 
contraction of the Images, that appear within 
the (phericity of thefe fmall Glaffes : for prefent 
the Glafs to the lower end of a Gallery, or at 
the Corner of a great Court full of People, or to? 
wards a great Street, Church, Fortification, an 
Army of Men, toawhole City 5 all the fair Ar- 
chiteéture and appearances will be feen contra 
ed within the circuit of the Glafs with fuch varie 
ety of Colours ,. and diftinétions. in. the leffer 
parts, that I know notin the world what is more 
a Sea tothe fight, and pleafant to behold, in 
which you will not have an exaét proportion,but 
it will be variable, according to the diltance of the 
Object from the Glafs. 

Experi- 
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“Experiments upon bollow or concave fpherical Glaffes. 

J Have heretofore fpokén how they may burn, 
being made of Glafs or Metal, it remains 

now that I deliver fome pleafant Ufes of them, 
which they reprefent unto our fight ; and fo much 
the more notable it will be, by how much the 
greater the Glafsis, and the Globe from whence 
it is extracted : for it muft in proportion as a 
{egment of fome be made Circle or Orb. 

Œtamination, 

| N this ré may obferve that a Section of two,three, 
or four Inches in Diameter, may be fegments of 

‘Spheres, of two, three, or four foots nay of fo many 
fadom, for it is certain that among(t thofe which com- 
prebend a great portion of a leffer Sphere, and thofe 
which comprebend a little fegment of a great Sphere, 
whether they be equal or not in fection, there will bap- 
pen an evident difference in one and the fame Expert- 
ment, inthe number, fitustion, quantity and figure 
of the Images of one or many different objetis, and in 
burning there is a great differences. 

. /E Aginus,in a little Tractate that he had up- 
on thefe Glafles, witneffeth of himielf 

dry 
that he had caufed many to be polifhed for fun- | 

qj 

Bry gre 
MN" were lé 

hot di 
i like to 

eth It 
| bought 
pond 

Ir 
a 

Gaffes 
and 

they À 

times 

tes 

font 
{ tals 

beans 
the 

AL 

fi 



hap E 

ik 
a 
Wd ne 

wathematical Recreation, 149 
dry great Lords of Italy and Germany, which 

were fegments of Globes of two, three, and four 

foot diameter; and I wifh you had fome fuch- 
like to fee the experiments of that which follow- 

eth; it is not difficult to have fuch made, or 

bought here in Town, the contentment herein 

would bear with the coft. 

Examination, 

ne Ouching Maginus be hath nothing aided us t0 

the knowledge of ibe truth by bis Extrait ous 

of Vitellius, but left it 3 expecting it from others, 

rather than to be plunged in the fearch of it bimfelf 

affecting rather the forging of the matter, and com- 

‘pofition of the Glaffes, than Geometrically to eftablifh 

their Effects. 

““*Irft therefore inconcave Glaffes, the Images 

are fometimes feen upon the furface of the 
Glaffes, fometimes as though they were within 

it and behind it, deeply funk into it, fomctimes 

they-are {een before,and without the Glafs, fome- 

times between the Object andthe Glafs; fome- 

times in the place of the Eye, fometimes farther 

from the Glafs than the Obje& is: which comes 

to pafs by reafon of the divers concourfe of the 

beams, and change of the place of the Images in 

the line of reflection. 

 L3 Cratti= 
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Cramination. 

5 ae relation of thefe appearauces paf current à- 
mongft moft men, but becaufe the Curious may 

Hot veceive prejudice in their Experiments, fometbing 
ought to be faid thereof, to give it a more lively touch : 
in the true caufes of thefe appearances, in thé firft 
place it is impoffible that the \mage can be upon the 
Surface of the Glals, and it isa principal point to 
declare truly in wbich place the Image is [een in the 
Glafs : thofé thst are more learned in Optical know- 
ledge affirm the contrary,.and Nature it felf gives it 
@ certain place according to its pofition, being always 
Seen in the line of Reflection which Alhazen, Vitel- 
lus, and othcrs full of great knowledge, have confirm= 
ed by their Writings : but in their particular they 
were too much occupied by the Authority of the An- 
cents, who were not fafficiently circumfpeël in expe- 
rience, upon which the principles of this [ubjeët ought 
+0 be built, and fearched not fully into the true canfe 
of thefe appearancer, feeing they leave unto Pofteri- 
bies many falfities in their Writings, as thofe-that 
folowed them for the moft part fell into the like errors. 
“As for the Images to bide in the Eye, it cannot be, 
‘but is impertinent and abfurds but it followeth that 
by how much nearer the Objcét approacheth to the 
Glals, by fo much the more the appearances’ féem to 
come te the Eye: andif the Eye be without the point 
of concourfe, and the Objec alfo; us long as the Ob- 
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ject approacheth thereto, the reprefentation of the X- 

mage cometh near the Lys, but paffing the point of 

conconrfe, it goes back again : Thefe appearances thus 

approaching, do not 2 little aftonifh th fe whi b cre 

ignorant of thecanfe : they are in verfed, if the Eye 

be without the point of coucourfe until the Objett be 

within, but coutrarily if the Eye be between the point 

of coucourfe andthe Glafs, then the Images are di- 

rect; and if the Eye or the Object be in the point of 

concourfesthe Glafs will be enlightened, andtbelm
a- 

ges confufed, and if there were but a fpark of fire in 

the faid point of concourfe, all the Glaf would feem 

a burning fire-brand, and we dare fay it would oc- 

cur without chance, andin the night be the mot cer~ 

rain and fubsileft light that can be, if a candle were 

placed there. And whofoever fall enter into the 

fearch of tbe truth of new Experiments in this fub- 

jed, without doubt be will confirm what we bere 

freak of, and will find new Lights with a conventa- 

ble pofition ta the Glas, be will bave refleëtion of 

quantities of Trath, and fine Secrets in Nature, yet 

not known, which be may eafily comprehend if he
 bave 

but an indifferent fight, and may affure himfelf that 

the Images cannot exceed the fight, nor trouble it, 2 

thing too. much abfurd w Nature. | 

And it is an abfolute verity in this S cience,thatthe 

Eye being once placed in the line of Reflection of a
ny 

Object, and moved in the fame line: the Object is 

feon in one and the fame place immutable 5 or if the 

Image and the Eye move in their own lines, the re- 

prefentation inthe Glaff feems to inveft it felf contt- 

aualy with a different figure. 
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TX] Ow the Image coming thus to the Eye, 
. thofe which know not the fecret, draw 
their Sword when they fee an Image thus to iffue 
out of the Glafs, or a Piftol which {ome one holds 
behind: and fome Glaffes will fhew a Sword 
wholly drawn aut, feparated from the Glafs, as 
though it were in the Air: and itis daily exerci- 
fed, that a man may touch the Image of his hand 
or his face out of the Glafs, which comes out the 
farther, by how much theGlaf is great, and the 
Centre remote, MIG | 

Eramination. 

N& that a Piftol being prefented to a Glaff be- 
hind a man, fhould come out of the Glafs, and 

make him afraid that ands before, feeming to fhoot 
at him, this cannot be: for no Object wbatfoever pre- 
fented to a concave Glafs, if it be not nearer to the 
Glafs than the Eye is, it comes not out to the fight of 
the partys therefore be uceds not fear that which is 
Said to be behind bis back, and comes out of the Glafs ; 
for if it doth come ont. 28 muft then neceffarily be be- 
fore his face, foin a concave Glafs whofe Centre is 
far remote, if a Sword, Stick, or fuch-like, be pre- 
ented to the Glafs, it fall totally feem to come forth 
“of the Glafs, and all the band that holds it. And 
bere generally note, that if an Image be feen to ifjue 
gut of the Gla? to come teyards the face of any one 

that 
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mathematical Recreation, 153 
that ftands by, the Objet fhall be likewife feen to 
thraft towards that facein the Glaft, and may eafi- 
ly be known to all the ftanders by: fo, many perfons 
standing before a Glaft;if one of the company take a 
Sword, and would make it iffue forth towards any 
other that flands there, let bim chufe bis Image in 
theGlafs, aud carry the Sword right towards it, and 

the effect will follow. Ta like manner ones band be. 
aug prefented to the Glafs as. it  thruff towards the 
Centre, {o the reprefentation of it comes towards it, 
and fo the bands will feem to be united, or to touch 
one another. 

Rom which may be concluded,if fuch a Glafs 
be placed at the feeling or planching of a 

Hall, fo that the face be Horizontal, and look 
downward ; one may fee under it as it were a man 

| hanging by the feet, and if there were many pla- 
| ced fo, one-could not enter into that place with- 
| out great fear or {caring : for one fhould fee many 
men in the Air as if they were hanging by the feet. 

Œtamination. . 

| AE: a Glafs tied at a Sceling or Plan- 
ching, that one may fee a man hang by the 

A Feet in the Air, and fo many Glaffes, fo many Men 
| may be feen : without caution this is very abfurd, for 
| if the Glafs or Glaffes be not fo great that the 
| Centre of the Sphere upon which it was made, ex- 
| fend not near tothe Head of bim that is under it, it 

will 
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will not pleafantly appear > and though the Glaïs 

foould be of that capacity that the Centre did extend 

fo far, yet will not the Images be feen to them which 

are from the Glafs, but onely to thofe which are under 

x or near unto it. and to themit will notably appear. 

Aad it would be moft admirable to bave a Gallery 

vaulted over with fuch Glaffes, which would won- 

devfully aftonif any one that enters into it: for all 

she things in the Gallery would be feen to hang in 1 

the Air, and yor could not walk without encounter- 

sag Airy Apparitions. | 

Girone In flat or plain Glaffes the Image is 

teen equal to his Object, and to reprefent a 

whole man, there ought to bea Glafs as great as 

the Image 15 : In convex Glaffes the Images are 

feen alwayslefs, in concave Glaffes they may be 

feen greater or lefler, but not truly proportion- 

able.by reafon of the divers retlections which con- 

tracts or enlargeth the Species: when theeye is 

between the Centre and the furface of the Glals, 

the Image appears fometimes very great and de- 

formed , and thofe which have but the appear- 

ance of the beginning of a Beard on their Chin, 

may chear up themfElves to fee they have a great 

Beard; thofe that fem to be fair, will thruft a- 

way the Glafs with defpight;becaufe it willtr
ans- 

form their beauty: thofe that put their hand to 

the Glafs, will fecm to have the hand of a Giant,’ 

and if one puts his figger to the Glafs, it will be 

feen as a great Pyramide of Flefh, inverfed again 

his finger. Thirdly, 
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Thirdly, It is a thing admirable that the Eye 

being approached to the point of concourfe of 
the Glafs, there will be feen nothing but an in- 
termixture or confufion: but retiring back a lit- 
tle from that pomt (becaufe the Rays do there 
meet) he fhall fee his Image inverfed, having his 
Head below, and his Fcet above. 

Fourthly, The divers appearances caufed by 
the motion of Objects, either retiring or ap: 
proaching : whether they turn to the right hand 
or to the left hand, whether the Glafs be hung a- 
gainfta Wall, or whether it be placed upon a 
Pavement, as alfo what may be repreiented by 
the mutual afpect of Concave Glaffes, with plain 
and Convex Glaffes : but 1 will with filence pafs 
them over, only fay fomething of tworare Ex- 
periments more as followeth. 

The firft is to reprefent by help of the Sun fitch 
letters as one would upon the front of a houfe, fo 
that one may read them : Muginws doth deliver 
the way thus: Write the Letters, faithhe, fuf- 
ciently big, but inver{ed upon the furface-of the 
Glafs, with fome kind of colour, or thefe Let- 
ters may be written with Wax, (the caler to be 
taken out again) for then placing the Glafs to 
the Sun, the Letters which are written there will 
be reverberatéd or reflcéted upon the Wall: hence 
it was perhaps that Pythagoras did promife with 
this invention to write upon the Moon. 

In thé {econd place, how a man may fundry 
ways help himfelf with fuch a Glafs, with alizht- 
ed Torch or Candle, placed in the point of con- 
courfe Of inflammation, which is near the fourth 
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‘part of the Diameter + for by this means the 

light of the Candle will be reverberated into the 

Glafs, and will be caft back again very far by pa- 

rallel lines, making fo great a light that one may 

clearly fee that which is done far off, yea in the 

campof an Enemy; and thofe which {hall fee 

the Gla(s afar off, will think they {cea Silver Ba- 

fin mlightened, or a fire more refplendent then 

the Torch. It is this way that there are made 

certain Lanthorns which dazel the Eyes of thofe 

which come againftthem ; yet it ferves fingular 

well to enlighten thofe which carry them, accom- 

modating a Candle with a little hollow Glafs, fo 

that it may fuccefhvely be applied to the point of 

inflammation. 
In like manner by this reflected Light one-may 

read far off, provided that the Letters be indifte- 

rent great, as an Epitaph placed high, or in a 

place obfcure ; or the Letter of a Friend which 

dares not approach without peril or fufpition. 

Œxamination, 

“His will be fcarce fenfible upon a Wall remote 

from the Glafs,. and but indifferently feen np- 

on aWall which is near the Glafs, and withal it muft 

Le in obfcurity or fosdowed, or elfe st will not be feen. 

To caf Light in the night 10 a place remote, with a 

Candle placed in the point of concourfe or inflamma- 

tion, is one of the moft notableftpreperties which ge 
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be fhewn in a concave Glafs : for if in the point of 
inflammation of a Parabolical Section, a Candle be 
placed, the Light sill be reflected by Parallel Lines, 
as a Column or Cylinder butin the Spherical Seéi- 
on it 6 defeciive in part, the beams being not united 
24 one point, but fomewbat [cattering : notwith{tan~ 
ding it cafteth avery great beautiful Light. 

Aftly, Thofe which fear to hurt their fight 
by the approach of Lamps or Candles, may 

by this artifice place at fome corner of a Cham- 
ber a Lamp with a hollow Glafs behind it, which 
will commodiouily refle@ the Light upon a Ta- 
ble, orto a place affigned : fo that the Glafs be 
fomewhat railed to makethe Light to ftreek up- 
on the Table with fharp Angles, as the Sun doth 
when it is but a little elevated above the Horizon, 
for this Light fhall exceed the Light of many 
Candles placed in the Room, and be more plea- 
fant to the fightof him that ufethit. 

Of other Glaffés of Pleafure. 

PAR The Columnary and Pyramidal Glaffes 
that are contained under right lines, do re- 

prefent the Images as plain Glaffes do, and if they 
be bowing, then they reprefent the Image as the 
concave and convex Glaffes do. 

Secondly, Thofe Glaffes which are plain, but 
have afcents of Angles in the middle, will thew 
one to have four Eyes, two Mouths, two Nofes, 
Ore. 

Exami- 
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Œrarmination, 

Hefe Experiments will be found different, ac- 
cording to the diverfe meeting of the Glaffes, 

which commonly are made {cuing-wife at the end, 
by which there will be two divers fuperficies in the 
Glaf, making the exteriour Angle fomewhat raijed , 
at the interiour onely one [uperficies, which. may be 
covered according to ordinary Glaffes to caufe a re- 
flection, and fo it will be but one Glaft,, which by re- 
fraition according te the different thicknefs of the 
Glafs, and different Angles of the feuing form, do 
differently prefent the Images to the Eye,as four Eyes, 
tro Mouths, two Nofes ; fometioes three Eyes, one 
Mouth, and one Nofe, the one large, and the other 
long, fometimes two Eyes onely, with the Mouth and 
the Nofe deformed, which the Glafs (impenitrable) 
will not foew. And if there be an intertour folid 
Angle, according tothe difference of it, (as if it be 
more foarp) there will be reprefented two diftint 
double Images, that us, two entire Vifages, and as the 
Angle is apen, by fo much the more the double Ima- 
ges will reunite, and enter one within another, which 
will prefent fometimes a whole Vifage extended at 
large, to bave four Byes,two Nofes, and two Mouths : 
and by moving the Glafs the Angle will uanifh, and 
fothe two fuperficies will. be turned into one, and the 
duplicity of Images will alfa vanifh, and appear bus 
one onely : and this #-eafily experimented with two 
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Title Glaffes of Steel, or fuch-like, fo united that 
they make divers Angles and Inclinations. 

Hirdly, There are Glaffes whichmake men 
T feem pale,red, and coloured in divers man- 
ners, which is caufed by the dye of the Glafs, or 
the diverfe refraction of the Species : and thofé 
which are made of Silver, Latin, Steel, &c. do 
give the Images a diverfe colour alfo. In which 

one may fee that the appearances by fome are 
made fairer, younger, or older than they 
are; and contrarily others will make them foul 
and deformed, and give thema contrary vifage: 
for if a Glafs be cut as it may. be, or if many 
pieces of Glafs be placed together to make a cone 
veniable reflection: there might be made of a 
Mole (as it were) a Mountain,of one Hair a Tree, 
a Fly to be as an Elephant, but I fhould be too 
long if I fhould fay all that which might be faid 
upon the property of Glaffes. I will therefore 
conclude this Difcourfe of the properties of thefe 
Glaffes, with thefe four récreative Problems fol- 
lowing. | | 
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PROBLEM LXXVIIE 

Hom to (her toone that is [uppitions what 4 done in 
another Chamber or Room, notwithftanding the 
inter pofition of the Wall. 

Fo the performance of this, there mutt be 

placed three Glaffes in the two Chambers, 

of which one of them fhall be tied to the plan- 

ching or feeling, that it may be common to com- 

municate the Species to each Glaf by reflection, 

there being left (ome hole at the top of the Wall 

againft the Glals to this end : the two other Glaf- 

fes rhuft be placed againft the two Walls at 

tight Angles, 4s the figuie here fheweth at B 
‘and C. - 

Thenthe fight at E by the litte of incidetice 

F E, fhall fall upon the Glafs B 4, and reflect 

upon the fuperhcies of the Glafs BC, in the 

: ae point G3 fo that if 
ithe Eye be at G, it 

‘| fhouldfee E, and E 
' would reflect: upon 
| the third Glafs in the 
_ point H,and the Eye 
' chat isat L will fee 

4 | the Imagethatisat E 

. À | in the point of the 
~ Catheti:which Image 

fhal 
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fhall come to the eye of the fufpicious, viz at L. 
by help of the third Glafs, upon which is made 
the fecond refleion, and fo brings unto the eye 
the object, though a wall be between ir. 

 COROLART 1. 

BY this invention of Reflections the befiegers 
of a Town may be feen upon the Rampart : 

notwithftanding the Parapet, which the belieged 
may do, by placing a Glafs in the hollow of the 
Ditch, and placing another upon the top of the 
Wall, fo that the Line of Incidence coming to 
the bottom of the Ditch, make an Angle equal to 
the Angle of Reflection, then by this fituation and 
reflection, the Image of the beficgement will be 
{een to him is upon the Rampart. 

COROLART 2. 

Ÿ which alfo may be inferred, that the fame 
i) Reflections may be feen in a Regular Polygon, 
and placing as many Glaffes as there are fides, 
counting two for ones for thenthe objcct being 
{ét to one of the Glaffes, and the eye in the other, 
the Image will be feen eafily. 

CE O LAR.L 3. 

Arther, notwithftanding the interpofition 

FR of many Walls, Chambers, or Cabinets, one 

may fee that which paffeth through the moft 

remoteft of them, by placing of many Glaffes, 
M as 
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as there are openings in the Walls, making them 
to receive the incident Angles equal: that is, pla- 
cing them in fuch fort by fome Geometrical aflt- 
ftant, that the incident points may meet in the 
middle of the Glaffes: but here all the defect will 
be, that the Images pafling by fo many reflections, 
will be very weak, and fcarce obfervable. 

PROBLEM EXxIX. 

How with a Musket to firtke a mark, not looking ta- 
wards it, as exact as one aiming at it. 

S Jet the Eye be at O, and the mark C, place 
a plain Glafs perpendicular as 4 B, fo the 

mark G {hall be feen in Catheti C A, viz. in D, 
vie 4 and the Line of Re- 

let the. Musket FE, 
upon a reft, be mo- 
ved to and fro, until 
it be feen in the line 
OD, which admit to 
be HG, fo giving fire 
to the Musket, it fhall 
undoubtedly firike 
the Mark. 

CORQ- 
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COROLARIES. 

From which may be gathered, that one may exaëüly 
fhoot ont of a Musket to a place which is not’ Seen,’ 
being hindered by fome Objtacle, or other interpo~... 
fition. | 

‘AE let the Eye be at M, the mark C, andthe 
Wall which keeps it from being feen, ad: 

mitto be MR, then 
fet up a plain Glafs, 
as AB, and let the | 
Musket be G H, pla: 
ced upon his ret B | 
O. Now becaufethe | 
mark G isfeenatD, | 
move the Musket to — 
and fro, until it doth 
agree with the Line RAR. 
of Reflection MB, which fuppole at L I, fo fhaï 
it be truly placed, and giving fire to the Musket, 
it fhall not fail to ftrike the {aid mark at C. 

PROBLEM LXXX. 

How to make an Image to be feen hanging in the air, 
baving bis Head dorenward. 

Ake two Glaffes, and place them at righe 
& Angles one unto the other, as admit AB, 

and C B, of which admit CB Horizontal, and 
M 2 Jet 
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let the pvebs be at Sa and je Object or Image to 

beDE; fo D willbe 
Fa wee reflected at F, fo to 
| ws Ÿ N, foto HE : then 
Fs ts Sopa at Gj; fo to M, and 

Nd eu wy, then to H, and by a 
Cry ea EE E 
RAT aeall D willicem in OR, 
"bits at Lath the -higheft point D Lr-eemtesenen à 3} in R,and the point E 

in @ inverfed as was 
faid, talking D for the bald, and E for the feet ; fo 
it willbe a man inverfed, which will fem to be 
flying in the air, if the Image had wings untoit, 
and had fecretly fome motion: and if the Glafs 
were big enough to receive many Reflections, it 
would deceive the fight the more by admiring 
the changing of colours that would be {een by 
that motion. 

PROBLEM LXXXI. 

How to make a Company of reprefentative Souldiers 
feem to be a Regiment, or bow few in number may 
be multiplied to feem to be many in number. 

O make the Experiment upon men, there 
T mutt be prepared two great Glaffes ; butin 
ftead of it we will fuppofe 2 leffer, asG H, & FI, 
one placed right againft another perpendicular to 
the Horizon, upon a plainlevel Table : between 

which 
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which Glaffes let "E 
there be ranged in 
Battalia-wife upon 
the fame ‘Fable :a 
number of {mall men 
according . tor: the 
fquareG, H, I, F, or 
in any other form or 
polture : thén may 
you evidently fee how. the faid Battel will be 
multiplied and feem far bigger in the appearance; 
thanit is in effect. 

COROLARY. 

Y this invention you may makea little Cabi- 
net of four foot long, and two foot large, 

(more or lefs) which being filled with Rocks or 
fuch-like things, or there being putinto it Sil- 
ver, Gold, Stones of luftre, Jewels, ce. and the 
Walls of the faid Cabinet being all covered, or 
hung with plain Glafs ; thefe vifibles will appear 
manifoldly increafed, by reafon ‘of the multipliz 
city of reflections ; and at the opening of the faid 
Cabinet, having fet fomething which might hide 
them from being feen, thofe that look into it will 
be aftonifhed to fee fo few in number, which bes 
fore feemed to be fo many. 3 
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166 Dathematical Recredtion, 

+ PROBLEM LXXXII. 

Of fine and pleafant Dyals. 

Cry you choofea more tidiculous one than 
the natural Dyal written amongft the Greek 

Epigrams, upon which fome found Poet made 
verfes, fhewing that a man carrieth about him 
always a Dyal in his Face by means of the Nofe 
and Teeth? And isnot this a jolly Dyal? For 
he need not but open the Mouth, the Lines fhall 
be all the Teeth, and the Nofe thall ferve for the 
Style, 

Of & Dyal of Herbs. 

‘Ow you have a finer thing in a Garden, orin 
the middle of a Compartment, than tofee 

the Lines and the number of Hours reprefented 
with little buthie Herbs, as of Hyfop, or fuch 
which is proper to becut in the borders; and at 
the top of the Style to have a Fan to fhew which 
way the wind bloweth? This is very pleafant 
and ufefil. | Le 

Of the Dyal apox the Fingers and the Hand. 

|‘ it not a Commodity very agreeable, when one 
is in che field or in fome village, without any 

other Dyal, to fee onely by the hand what of the 
: clock 
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clock it is? which givesit very near; and may 

| bé practifed by the left hand, in this manner. 

|. © Takea Straw or like thing of the length of 

the Index, or the fecond finger; hold this Straw 

vety right between the Thumb and the fore Fin- 

get, then ftrétéh forth the hand, and turn your 

back andthe palm of your hand towards the 

Sun ; fo that thé fhadow of the mufcle which is 

under the Thumb touch the Line of Life, which 

is between the middle of the two other great 
Lines, which is feen in thé palm of the hand, 

this done, the end of the fhadow will fhew what 

of the clock it is : forat the end of the firft Fin- 

gerit is 7 inthe morning, of 5 inthe evening, at 

the end of the Ring-Finger it is 8 in the morn- 

ing, or 4 in the evening; at the end of the Lit- 

tle Finger où firft Joynt, itis 9 in thé morning, 

or 3 in the afternoon, 10 and 2 at the fecond 

Joynt, #1 and rat théthird Joynt, and mid-day 

in the Line following, which comes from the 
end of the Indew. 

Of à Dyal which wa about an Obelisk at Rome. 

| X 7 As not this a pretty fetch upon a Pave- 
V ment, to choofe an Obeluk for a Dyal, 

having 106 fost in height, without removing the 
Batis of it ? Pliny affures us in his 26 Book and 
g Chap. that the Emperour Augwflus having ac- 
cotnmodated inthe Field of Marsan Obelisk of 

ghisheight, he made about it a Pavernent, and by 

tie -iduftry of Maniliw the Mathematician,there 
Weté érichaced marks of Copper upon the Pave- 

| M 4 ment, 
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ment, and placed al- 

: fo än Apple of Gold 
| upon the top of the 
faid Obelisk,to know 
the hour and the 
courfe of the Sun, 
with the increafe and 
decreafe of days by 

— ae the fame fhadow : 
and in the fame manner do fome by the thadow of 
their head or other Style, make the like Experi- 
ments in Aftronomy. x et! 
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Of Dyals with Glaffes. 

pz olomy Writes,as Cardanus reports,that long a- 
go there were Glaffes which ferved for Dyals, 

and prefented the face of the beholder as many 
times as the hour ought tobe; 2 if it were 2:of 
the clock, 9 ifit were 9, &c. But this was thought 
to be done by the help of water, & not by Glaffes; 
which did leak by little and little out of the veffel, 
difcovering firft x Glafs, then 2 Glaffes, then 3,4. 
5 Glaffes,ec. to fhew fo many faces as there were 
hours, which was onely by leaking of water. # 

Of @ Dyal which hath a Glafs in place of the Style: 

/ Hat will you fay of the invention of Ma- 
thematicians,which find out daily foma- 

ny fine and curious Novelties? They havenowa 
way to make Dyalsupon the Wainfcot or Seeling 
Of a Chamber,and there where the Sun can never 
ee ig a MERS" fhine, 
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| fhine, or the beams of the Sun cannot directly 

firike : and this is done in placing ofa little Glafs 
he 4} in theplaceof the Style, which reflecteth the 
W | light with the fame condition that the fhadow of 

the Style fheweth the hour: and it is eafie to 
M, } make experiment upon a common Dyal, chang- 
nd in? only the difpofition of the Dyal, and tying 

| to the end of the Style a piece of plain Glals. The 
+ À Almains ule it much, who by this way have no 
‘tt 4 greater trouble, but to put their Nofes out of 
ls |} their Beds and fee what a clock it is, which is 

| reflected by alittle hole in the Window upon.the 
Wall or Sieling of the Chamber. 

Lx 

nes “Sst 

à | Eramination. 
nf | . 
7 | ie this there are two Experiments confiderable, the 
pit | BR. firft swith a very little Glafs placed fo that it 
fs, | maybe open to the Beams of the Sun, the other bath 
fel, | wefpect to a fhacious or great Glafs placed to a very lit- 
y |) #Le bole, fo tbat the Sun may fhine on ity for theu the 
yt À (hadow which is caft upon the Dyal is converted into 

© | Beams of the Sui, and will reflect and be caft upon a 
| plain oppofite: and in the other it és a bole in the 

whi Window, or. fuch-like, by which may pafs the 
| Beams of the Sun, which reprefent the extremity of 

M | the Siyle, andthe Glafs reprefentetk the plain of the 
mae | Dyal, wpon which the beams being in manner of fba= 
wa | dows reflect caf upon a plain oppofite : and it is needs 
sing | Ful thas in this fecond way the Glafs may be fpacious, 
et || % befores toreceive the delineaments of the Dyal. 

ite, | ‘ Other- 

are. 
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Otherwife you may draw the Lineaments of aDy- 

al upon any plain Looking -Glafs which refletieth the 
Sau-beams, for the applying a Style or a Pearl at the 

extremity of its and placed to thé Sun, the reflection 
will be anfwerable to the delineaments on the Glafr : 
but bere note, that the Glafs ought to be great, and fo 
the delineaments thereon. 

Bat that which à moft Noble, is to draw bo: 
lines upon the out-fide of the Glaf of @ Window, 
and placing a Style thereto upon the out-fide, the 
fhadow of the Style will be feet within, and fo yo 
bave the hour more certain, without any difficulty. 

Of Dyals with Water. 

Uch kind of Dyals were made in ancient 
times, and alfo thofe of Sand: before they 

had skill to make Sun-Dyals, or Dyals with 
Wheels : for they ufed to filla Veffel with Wa- 
ter, and having experience by trial that it would 
sun out all in a day, they did mark within the 
Veffel the hours noted by the running of thé Wa- 
tery and fome did fet a piece of light board in 
the Veffel to (wim upon the top of the Water, 
carrying a little Statue, which with a {mall ftick 
did point out the hour upon a Column or Wall, | 
figured with hour-notés, as the Veffel was figu« 
ted within. 

Vitruving writes of another mariner of Waters 
Dyal more difficult ; and Buptifta à Porta among tt 
his Natural Secrets, delivers this Invention fob ! 

lowing : ‘Take a Veffel full of Water like a Cal+ | 

dron, and another Veflel of Glafs like unto’a Bell, 
(with | 
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(with which fome accuftom to cover Melons) and 
let this Veffet of Glafs be almoft as great as the 
Caldron, having a - ne sag eter 
{mall hole at the bot- fi) 
tom, then when it is 
placed upon the wa- 
ter, it will fink by 
little and little: by | 
this one may- mark 
the hours onthe fur- = 

| face of the Glafs to). Tal 

| ferve another time. But if at the beginning one. 
| had drawn the water within the fame Veffel of 
| Glafs in fucking by the little hole, the water 
| would not fall out, but as faftas the air would 
| fugceed it, entering flowly at the little hole: for 

| Contrarily the hours may beediftinguifhed by di- 
Minution of water, or by augmentation. 

Now it feems a fafer way that the water pafs 
} out by dropand drop, arid dtopinto a Cylindri- 
| ¢al Glafs by help of a Pipe: for having, marked 

4 thé exteriour part of the Cylinder in the hour- 
ip notes, the Water itfelf which falls within it will 

1 thew what of the clock itis, far better than the 
| running of Sand; for by this may you have 
| the parts of the hours moft accuraté, which com- 
| Monly by Sand isnot had: and to which may be 
| added the hours of other Countries with greater 
| éafe. And herenote, that as foon'as the Water is 

i) Out of one of the Glaffes, you may turn it over 
| into the fame again out of che other, and fo let it 
| jun anew. 
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172 Mathematical Recreation. 

PROBLEM LxxxIIL 

Of Cannons or great Artillery. 

Sculdiers and others would wilingly fee this Pro- 
blem, which contains 3 or 4 fubtile Queftions. 

I. 

The firft is, How to charge a Canuon without Powder. 

Ge might be done with air and water only; 
having thrown cold water into the Can- 

non, which might bg {quirted forceably in by the 
clofure of the mouth of the Piece, that fo by this 
preflure the air might more condenfe; then ha- | 
ving around piece of Wood very juft, and oiled. | 
well, for the better to flide, and thruft the Bullet 
whenit fhall betime: This piece of Wood may | 
be held faft with fome Pole, for fear it be not 
thruft out before his time : then let fire be made 
about the Trunion or hinder part of the Piece to | 
heat the air and water, and then when one would | 
fhoot it, let the pole be quickly loofened, for then | 
the air fearching a greater place, and having way. | 
now offered, will thruit out the Wood and the | 
Bullet very quick : The Experiment which we | 
have inlong Trunks fhooting out pellats with | 
air only, fheweth the verity of this Problem... 
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it is moft evident that the blows which fall 
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Tn the fecond Queftion it may be demanded, How 
much time doth the Bullet of a Cannon fpend in 
the air before it falls to the ground ? 

it Mees Refolution of this Queftion depends up= 
on the goodnefs of the Piece and Charge 

thereof, fecing in each there is great difference. 
It is reported that Ticho Brabe, and the Land{grave 
did make an Experiment upon a Cannon in Ger- 
many,which being charged and fhot off,the Bullet 
{pent 2 min. of time 
in the air before it Maggy 
fell: and the diftance * "Kv 
was a German mile, 4 
which diftance pro- 7 \ : 
portionated to an A a 
hours time, makes \@" 
120 Italian miles, 

In the third Queftion it may be asked, Hors it comes 
to pafs, that a Cannon {hooting upward, the Bulles 
flies with more violence than being shot point- 
blauk, or fhooting downward ? 

to batter a Wall, the Queftion is falfe, feeing 

Per- 
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174 MBatheiatical Recreation. 
Perpendicular upon a Wall, are more violent than 
thofe which {trike byas-wife or glancingly. 

But confidering the ftrength of the blow on- 

ly, the Queftion is moft true, and often experi- 
mented to be found true : a Piece mounted at the 

beft of the Randon, which is near half of the 
right, conveys her Bullet witha far greater vio- 
lence than that which is fhot at point blank, or 
mounted parallel to the Horizon.  Thecommon 
reafon is, that fhooting high, the fire carries the 
bow] a longer time in the air, and the air moves 

amore facil upwards than downwards,becaule that 
the airy circles that the motion of the Bullet 
makes, are fooneft broken. Howfoever this be 

the general Tenet, it is curious tofind out the ins 
equality of moving of the air ; whether the Bul: 
let fly upward, downward, or right forward, to 
produce a fenfble difference of motion ; and 
fome think that the Cannon being mounted, the 
Bullet preffing the powder maketh a greater ref 
fiance, and fo caufethall the powder to be infla- 
med before the Bullet is thrown cut,which makes 
it to be more violent than otherwife it would be. 
When the Cannon is otherwife difpofed, the con- 
trary arrives, the fire leaves the Bullet, and the 
Bullet rolling from the Powder refifis lefs: and 
it is ufually feen, that fhooting out of a Musket 
charged onely with Powder, to fhoot to amark | 
of Paper placed point-blank, that there are feen M! 
many {mall holes in the Paper, which cannot be | 
other than the grains of Powder which did | 
wottake fre: but thislatter accident may hap- | 
pen from the overcharging of the Piece, or the 
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length of it, or windy, or dampnefs of the Pow- 

er. 
From which fome may think that a Cannon 

pointed right to the Zexith, fhould fhoot with 
greater violence than in any other mount or form 
whatfoever : and by fome it hath been imagined 
that a Bullet fhot in this fafhion hath been con{u- 
med, melted, and loftin the air, by reafon of the 
violence of the blow, and the activity of the fire, 
and that fundry Experiments have been made in 
this nature, and the Bullet never found. But ic 
is hard tobelieve this affertion : it may rather be 
fuppofed that the Bullet falling far from the Piece 
cannot be difcerned where it falls, and fo comes 
to be lof. 

ho 

In the fourth place it may be asked, Whether the dif- 
charge of a Cannon be fo much the greater, by bow 
much it is longer ? 

T feemeth at the firft to be moft true, that the 
longer the Piece is,the more violent it fhoots : 

| and to {peak generally, that which is direction 
_ bya Trunk, Pipe, or other concavity, is conveyed 
fo much the more violent, or better,by how much 
it is longer, either in refpect of the Sight, Hear- 
ing, Water, Fire, @c. and the reafon feems to 
hold in Cannons, becaufe in thofe that are long 
the fire is retained a longer time in the concavity 
of the Piece, and fo throws out the Bullet with 

| more violence ; and experience lets us fee that 
taking 
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taking Cannons of the fame bore, but of diverfi- 

ty of length from 8 foot to 12, that the Cannon 

of 9 foot long hath more force than that of 8 foot 

long, and 16 more than thatof 9, and fo unto 

12 toot of length. Now the uiual Cannon car- 

ties 600 Paces, fome mare, fomelefs, yea fome 

but 200 Paces from the Piece, and may fhoot in- 

to foft earth 1§ or 17 foot, imto fand or earth 

which is loofe,22 or 24 foot, and in firm ground, 

about ro or 12 foot, &e. 
It hath been een lately in Germany,where there 

were made Pieces from 8 foot long to 17 foot of 

likebore, that hooting out of any piece which 

was longer than 12 footithe force was diminifhed, 

and: the more in length the Piece increafeth, the 

… Jeff his force was:therefore the length ought tobe } 

ina mean mealure, and it is often feen the greater 

the Cannonis, by fo much the fervice is greater : 

but to have it too long or too fhort, 1s not conve- 

nient, but a mean propertion of length to be ta- 

ken, otherwife the flame of the fire vvill be over- j 

vvith Air, vvhich hinders the motion in preffed 
offubftance, and diftance of getting out. refpect 
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PROBLEM LXXXIV. 

b Of prodigious Progreffion and Multiplication of 
Creatures, Plants, Fruits, Numbers, Gold, 
Silver, &c. when they are always auzmented 
by certain proportions 

¥ WExe we thall fhew things no lefs admirable 
i than recreative, and yet fo certain and 
éalie to be demonftrated, that there needs not 
but Multiplication onely, to try each particular: 
and firft, 

Of Grains of Mujtard-feed* 

pre Therefore it is certain that the increafe 

of one grainof Muttard’ feed for 20 years 
fpace, cannot be contained within the vifible 
World, nay if it were an hundred times greater 
than it is; and holding nothing befides from 
the Centre of the Earth even unto the Firma 
ment, but onely {mall Grains of Mufiard-feed : 
Now becaufe this feéms but words, it mutt be 
proved by Art, asmay be donein this wile: As 
fuppofé one Mufiard-{ced fowen to bring forth 
a Tree or Branch, in each éxtendure of which 
might be a thoufand grains: but we will fup= 
pofe onely athoufand in the whole Tree, and 
let us proceed to 20 years, every Seed to bring 
forth yearly athoufand grains; now multiply 
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178 = Mathenratical Recreation. 
ing always by a thoufand, in lefs than 17 years, 
you fhall have fo many grains which will furpafs 
the fands, which are able to fill the whole Firma- 

‘ment: for following the fuppoñtion of Archime- 
des ,& the moft probable opinion of the greatnefs 
of the Firmament which Ticho Brabe hath left uss 
the number of grains of Sand will be fufhciently 
expreffed with 49 Cyphers, but the number of 
grains of Muftard-feed at the end of 17 years 
will have 52 Cyphers: and moreover, grains of 
Muftard-feed are far greater than thefe of the 
Sands: Itis thereforeevident that at the feven- 
teenth year, all the grains of Muftard-feed which 
fhall fucceflively {pring from one grain onely, can- 
not be contained within the limits of the whole 
Firmament 3 what fhould it be then, if it fhould 

be multiplied again by a thoufand for the ciph- 
teenth year, and that again by a thoufand for 
every years increafe, until you come to the twen- 
tieth year? It’s a thing as clear as the day, that 
füch a heap of Muftard-feed would be an hundred 
thoufand times greater than the Earth: and bring 
onely but the increafe of one grain in twenty 
years. 

Of Pigs. 

Gers Is it not a ftrange Propofition, to 
fay, That the Great Turk with all his Reve- 

nues, is not able to maintain for one years time 
all the Pigs that a Sow may pig withall her Race, 
that is, theincreafe with the increafe, unto 12 
years; this feemsimpoflible, yet it is mof tne 
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| for let us fuppofe and put the cafe, that a Sow 
| bring forth but 6, 2 Males and 4 Females, and 
that each Female fhall bring forth as many every 

| year, during the fpace of i2 years, at the end of 
à the time there will be found above 33 millions of 
| Pigs: Now allowing a crown for the mainte- 

| nance of each Pig fora year, (which isas little as 
| may be,being but near an half ofa farthing allow- 
ance for each day) there muft be at leaft fo many 

| crowns to maintain them one year, viz: 3 milli . 
| ons, which exceeds the Turks Revenue-by much. 

Of Grains of Corn. 

| TE, It willmake one aftonifhed to think 
| chata Grain of Cornwithhis increafe fuc- 

ceffively, for the fpace of 12 years will produce 

- D in Grains 24414062 5000000000000 , whicir. 
| 1$ able to load almoft all the Creatures in the 
| World, | 
_ + To open which, let it be fuppofed that the 
| firft year one grain being fowed brings forth 50, 
| (but fometimes there is {een 70, fometimes 100 

fold) which grains fowen the next year, every 
one to produce 50, and fo confequently the 
whole and increafe to be fowen every year, until 
12 years be expired, there will be of increafe 
the aforefaid prodigious fum of grains, viz. 
24314062 5000000000000, which will make 
à Cubical Heap of 6258522 Grains every way, 
which ismore than à Cubical Body of 31 miles 
every way: for allowing 40 grains in length to 

2 each 
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each foot, the Cube would be 156463 foot every]! 
way : from which itis evident that zt there were ion, 
two hundred thoufand Cities as great as London, | Now! 
allowing to each 3 miles {quare every way, and J ito 
100 foot in height, there would not be fufhicient My 
foom to contaih the aforefaid quantity of Corn : Æ md 
and {uppofea Buthel of Corn were equal unto two Morin 
cubick feet,which might contain ewenty hundred 
thoufand gyains, then would there be 12207046 
2500000 buthelss and allowing, 30 bufhels to a 
Tun, it would beable to load 8138030833 Vel- 
fels, which is more than eight thoufand one hun- 
dred and thirty eight millions, fhip loadings of © 
500 Tun to éach Ship: a quantity fo great, that 
the Seais fcarce able to bear, or the Univerfal 
World able to find Veffels to carry it. And if this 
Corn fhould be valued at half a Crown the bufhel, 
it would amount to. 15258807812 500 pounds 
Sterling, which I think exceeds all the Treafures 
of all the Princes, and of other particular men in 
the whole World : And is not this good. Husban- 
dry to fow one grain of Corn, and'to continue it 
in fowing the increafe onely for 12 years, to have 
fo great a profit ? 

Of the Increafe of Sheep. 

7; Ourthly, Thofe that have great flocks of theep 
may be quickly rich, if they would preferve 

their Sheep without killing or felling of them: 
fo that every Sheep produce one each year, for at 
the end of 16 years 100 Sheep will multiply and 

increafe 
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Increafe unto 6553600, which is above fix mil- 
I ons, five hundred fitty three thoufand Sheep : 
Now fuppofing them worth but acrown a piece, 
it would amount unto 1638400 pounds Sterling, 
which is above 1 million 6 hundred 38 thoufand 
pounds, A fair increafe of one Sheep, and a large 
portion for a Child, if it fhould be allotted. © 

Of the tncreafe of Cod-fifh, Carps, &ce 

E Ifthly; Ifthere be any creatures in the world 
that do abound with increafe or fertility, it 

may be rightly attributed to fiths for they in their 
kinds produce {uch a great multitude of Eggs, 
and bring forth fo many little ones, that if a 
great part were not deftroyed continually, with- 
in a little while they would fillall the Sea,Ponds, 
and Rivers. in the World ; and it is ealie to fhew 
how it would fo come to pafs, onely by {uppo- 
fing them to increafe without taking or deftroy- 
ing them for the {pace of ro or 12 years : having 
regard to the folidity of the Waters, which are 
allotted for to lodgeand contain thefe Creatures, 
as their bounds and place of relt to live in. 

Of the increafe and multiplication of Meng Perr . | 

\Ixthly, There are fome that cannot conceive 
how it can be that from eight perfons (which 

were faved after the Deluge’ or Noahs Flood) 
fhould {pring fuch a World of People to begin 
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a Monarchy under Nimrod, being ‘but 200 years 
after the Flood, and that amongft them fhould be 
railed an Army of 200000 fighting men: But it 
is cafily proved if we take but one of the Children 
of Noah, and fuppofe that a new Generation of 
People begun at every 30 years, and that it be 
continued to the feventh Generation, which is 
200 years; for then of one only Family there 
would be produced 111000 Souls, 305 to begin 
the World : though in that time men lived lon- 
ger, and were more capable of multiplication and 
increafe: which number fpringing onély froma 
fimple production of one yearly, would be far 
greater if one Man fhouldy have many Wives, 
which in ancient times they had: from which it 
is alfo that the Children of J/raei, who came into 
Egypt but only 70 Souls, yet after 210 years cap- 
tivity, they came forth with their Holts, that 
there were told 600000 fighting men, befides 
old People, Women, and Children 32nd he that 
fhall feparate but one of the Families of Foféph, 
it would be fufficient to make up that number : 
How much more fhould it be then, if wefhould | 
joyn many Families together ? 

Of the Increafe of Numbers. 

Gris, What fum of money fhall the City 
of London be worth, if it fhould be fold, and 

the money be paid in a year after this manner: 
The firft week to pay a Pin, the fecond week 2 
Pins, the third week 4 Pins, the fourth ee 8 
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Pins, the fifth week 16 Pins, and fo doubling 

until the 52 Weeks, or the year be expired ? 

Here one would think that the value of the 
Pins would amount but toa {mall matter,in com- 

parifon of the Treafures or Riches of the whole 

City : Yet itis moft probable that the number of 
Pins would amount unto the fum of 45195996 

28681215, and if we fhould allow untoa quar- 
ter a hundred thoufand Pins, the vvhole vvould 

contain ninety eight millions, four hundred thou- 
and Tun: vvhich is able to load 45930 Ships 
of athoufand Tun apiece; And if vve fhould 
allow 1000 Pins for a Penny, the fum of money 
vvould amount unto above cighteen thoufand 

cight hundred and thirty millions of pounds 

fterling : An high Price to fella City at, yet cer- 
tain, according to that firft propofed. 

So if 40 Towns were fold upon condition to 

give for the firfta penny, for the fecond 2 pence, 

for the third 4 pence, ¢c. by doubling all the 

reft unto the laft, it would amount unto this 

number of pence 1099511627776, Which in 
pounds is 4581298444, that is, four thoufand 

five hundred, and fourfcore millions of pounds, 
and more. | : 
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Of a man that gathered up Apples, Stones, or fuche 
like, upon a condition. | 

H Ightly, Admit there were 100 Apples,Stones, 
#_ or fuch-like things, that were plac’d in a 
{traight line or right form, a Pace one from ano- 
ther, and a basket being placed a Pace from the 
firft: how many Paces would therebé made to 
put all thefe Stones into the Basket, by fetching 
one by one ? This would require near half a day. 
to doit, for there would be made 10092 paces 
before he fhould gather them all up. 

Of Changes in Bells, in Mufical Inftruments, Tranf- 
mutation of places in Numbers, Letters, Men, or 
Such-like, 

N Inthly, Is it not an admirable thing to con- 
A fider how the Skill of Numbers doth eafily 
furnifh us with the knowledge of myfterious and 
hidden things? which fimply look’d into by others 
that are not verfed in Arithmetick,do prefent un- 
to them a world of confufion and difficulty. 

As in the firft place it is often debated a- 
mongft our common Ringers, what number of 
Changes there might be made in five, fix, feven, 
eight, or more Bells: who {pend much time to 
anfwer their own doubts, entering often into a 
Labyrinthin the fearch thereof: or if there were 
10 Voices, how many feveral notes might there 
be? Thefe are propofitions of fuch facility, that 
a Child which can but multiply one number by ~ 
another, may eafily refolveit, which is but onely 
oye | AL | | 1 



| Table,is72o,and {o many Ghanges may be made 

upon 6 Bells, upon 5 there are 120, ve. 
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In Jike manner againft 10 in the Table is 

three millions, fix hundred 3628800, that is, 

| spathentatical Wecveation, : 185 
} tomultiply every number from the unite fuccef= 
| fively in each others produ&t, unto the term af- 

| figned : fothe 6 number that is againft 6 in the 

362880 
3628800 
39916800 
479001600 

6227020800 
87178291200 
1307674368000 
20922789888000 
3 $3687 537996000 
640237 5683928000 
121645137994632000 
2432902759892640000 

5310909579 57745440000 
112400107 5070399650000 
2585202 4726619192640C00 
621044859343 8860623 360000 
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136 Mathematical Recreation. 
twenty cight thoufand, eight hundred; which 
fhews that 10 Voices may have fo many Conforts, 
each man keeping his own note, but onely alter- 
ing his place; and,fo of ftringed Inftruments, 
and the Gamat may be varied according to which, 
anfwerable to the number that is againft y, 242. 
5124001075070399680000 Notes. 

From which may be drawn this or the like 
Propofition: = 

Suppofe that 7 Schollars were taken out of a 
Free School to be fent to an Univerfity, there to 
be entertained in fome Colledge at Commons for 
a certain fum of money, fo that each of them 
have two meals daily, and no longer to continue 
there, then that fitting all together upon one 
Bench or Form at every Meal, there might be a 

divers tranfmutation of place of account in fome 
ene of them, in comparifon of another, and ne- 
ver the whole company to be twice alike in fitu- 
ation: How long may the Steward entertain 

them? (who being not skilledin this fetch, may 

anfwerunadvifedly.) Itismoft certain that there 
will be five thoufand and forty feveral pofitions 

or changings in the featings, which makes four- 

teen years time, wanting ten weeks and three 

days. oe ie 

Hence from this mutability of tranfmutation, 

it is no marvel that by 24 Letters there ariftth 

and is made fuch variety of. Languages in the 

World,and fuch infinite number of words in each 

Language; feeing the diverfity of Syllables pro- | 

duceth that effect, and alfo by the interchangmg 

and placing of Letters amongft the Vowels, and 
| amongit 
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a among themfelves maketh thefe fyllables, which 

Alphabet of 24 Letters may be varied fo many 
times, viz. 62044859343 8860623360000, 

| which is fix hundred twenty thoufand, four 
hundred forty eight millions of millions of 

is) millions five hundred ninety three thoufand, 
D four hundred thirty eight millions of millions, 

and more. 
| Now allowing that a man may read or {peak 
| one hundred thoufand words in an hour, which 

is twice more words than there are contained in 
the Pfalms of David, (a Task too great for any 
man to do in fo fhort a time) and it there were 
four thoufand fix hundred and tifty thoufand 
millions of men, they could ‘not {peak thefe 
words (according to the hourly proportion afore- 
faid ) in threefcore and ten thoufand years 3 
which variation and tranfmutation of Letters, 1f 
they fhould be written in Books, allowing to each 
Leaf 28000 words, (which is as many as pofhibly 
could beinfertéd) and to each Book a Reath or 
20 Quire of the largett and thinneft Printing- 
Paper, fo that each Book being about 15 inches 
long. 12 broad, and 6 thick : The Books that 
would be made of the tranfmutation of the twen- 
ty four Letters aforefaid , would be at the lealt 
2877303780928788 : And if à Library of a 
mile {quare every way, of 50 foot high, were 
made to contain 250 Galleries of 20 foot broad 
apiece, it would contain four hundred millions 
of the faid Books: fo there muft be to contain the 
reft no lefs than 96945092 fuch Libraries ; and 
if the Books were extended over the furface of 
f the 
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the Globe of the Earth, it would béa decuple co- 
vering unto It, a thing, feeming moft incredible, 
that 24 Letters in their tranfmutatign fhould pro- 
duce fuch a prodigious number, yet moft certain 
and infallible in computation. 

Of @ Servant hired upon certain conditions. 

Servant {aid unto his Mafter,that he would 
dwell with him all his life-time,if he would 

but only lend him Jand to fow one grain of Corn 
with all his increafe fox 8 ycarstime:. how think : 
you of thisbargain ? For if he had but a quarter 
of an inch of ground.for each grain, and each 
grain to bring forth yearly an increafe of 40 grains 
the whole {um would amount unto, at the term 
aforefaid, 6553600000000 grains : and feeing 
that 3 thoufand and 6 hundred millions of inches 
do but make one mile {quare in the fuperficies, it 
{hall be able to receive 14 thoufand and 4 hundred 
millions of grains, which is 14400000000, thus 
dividing the aforefaid 6553600000000, the 
Quotient witl be 455, and fo many fquare miles 
of land muft there be to fow the increafe of one 
grain of Corn for 8 years, which makes at the 
leaft 420000 Acres of Lind, which rated but at 
five fhillings the Acre per Annum, amounts unto 
100000 pound; which is 12500 pounda year, 
to be continued for $ years: a pretty pay for a 
Mafters Servant 8 years fervice. 
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PROBLEM LXXXY. 

Of Fountains, Hydriatiques, Machineck, and otber 

Experiments upon Water or other Liquor. 

Ee 

Fir bow to make Water at the Foot of a Mountain 
to afcend tothe Top of it, and fo to defcend on the 
other fide. 

O do this there muft be a Pipe of Lead which 
À maycome from the Fountain 4, to the top 

of the Mountain B; and foto defcend on the o- Mi 
ther fide, a little lower than the Fountain, as at i 

C, then make a hole in the Pipe, at the top of the qi | 
Mountain, as at B,.. .» te 
and ftop the end of  : ! ie 
the Pipe at AandC ; 

| and fill this Pipe at 
B with Water, and 
clofe it very carefully 
again at B, that no CZ | 
Air getin: then un- | Avia 

24 

ee 

zee 

Aggie 

= ot => + 

unto 
at À flop the end at 4, 
À »} andatC; then will 

| the Water perpetually run up the Hill, and de- 
| fcendontheotherfide, which is an invention of 

great confequence to fuxnifh Villages that want 
Water. == as esc A PR ee eh 

» ph neal BREE 6 

2. Secondly, 
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2° 

Secondly, How to know what Wine or other Liquor 
theres in a Veffel, without opening the Bung- 
bole, and without making any other bole than that 
by which it runs out at the top. 

EF this Problem there is nothing but to take a 
bowed Pipe of Glafs, and put it into the fau- 

cets hole, and ftopping it clofe about : for then 
you fhall fée the Wine or Liquor to afcend in this 
Pipe, until it be juft even with the Liquorinthe. 
Veflel: by which a man may fill the Veffel, or 
put more into. it: and fo if need were, one may 
empty one Veffel into another, without opening, 
the Bung-hole. 

Ze 

Thirdly, How is it that it is [aid that a Veffel bolds 
more Water, being placed at the foot of a Moun- 
tain, than ftanding upon the top of it.? 

His is a thing moft certain, becaufe that: wa- 
ter and allother Liquor difpofetl it felf 

fpherically about the Centre of the Earth » and 
by how much the Veflel is nearer the Centre, by 
fo much the more the furface of the: Water makes: 
a leffer fphere, and: therefore every part more 
gibbous ox {welling than the like part ma greater 

{phere : 

D ele b 
B the Ce 
D Earth, 
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à thebrin 
B there is 
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| more, by how much 
| itis nearer the Cen- 
à treof the Earth. 

à Veffel be, very near 

| Earth, there will be | 
! more Water above 
L thebrims of it, than 

pathematical Recreation. age 
(phere: and therefore when the fame Veffel is 
farther from the Centre of the Earth, the fur- 

face of the water makes a greater fphere, and 

therefore lefs gibbous or {welling over the Veffel s 

from whence it is evident that a Veffel near the 

| Centre of the Earth holds more Water than that 

| which is farther remote fromit; and fo confe- 

| quently a Veffel placed at the bottom of the 
| Mountain holds more Water, than being placed 

| onthetop of the Mountain. 
Firft, Therefore one may conclude, that one 

and the fame Vefiel 
will always hold 

Secondly, If a 

the Centre of the 

4 © there is within the 

Veffel. | 
Thirdly, a Veffel full of Water coming to the 

| Centre will fpherically increafe, and by little and 
little leave the Veffel, and pafling the Centre, the 

ch Vettel will be all empticd. 
Fourthly, One cannot carry a Pail of Water 

| from a low placeto a higher, but it will more and 
D more run out and over ; becaufe that in afcend- 
ph ingit lies morelevel, but defcending it fwells, 
| and becomes more gibbow. | 

4 Fourthly, 
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Go 

Fourthly, To conduti Water from the top of one 
Mountaiit, to the top of another. 

S admit on the top of a Mountain there isa 
A Spring, and at the top of the other Moun- 
tain there are Inhabitants which want Water: 
Now to makea Bridge from one Mountain to 
another, were difhicult, and too great a charges 
by way of Pipes itis cafie, and of no great price: 
for if at the Spring on the top of the Mountain 
be placed a Pipe to defcend into the Valley, and 
afcend to the other Mountain, the Water will 
run naturally, and continually, provided that the 
Spring be fomewhat higher than the paflage of 
the Water at the Inhabitants. | 

$e 

Fifibly, Of a fine Fountain which fpouts Water 
very high, and with great violence, by turning of 
a Cock. 

Et there be a Veffel as À B, made clofe in all 
his parts, in the middle of which let CD 

bea Pipe open at D near the bottom, and then 
with a Squirt fquirt in the Water at C, Ropped 
above by the Cock or Faucet C, with as great 
violence as poflible you can ; and turn the Cock 

imme- 
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immediately. Now FN - 
there beinganindif-  ‘ TON > 
ferent quantity of 
Water and Airin the 
Veffel, the Water 
keeps it felf in the 
bottom, and the Air 
which was greatly 
preffed, feeks for _ 
more place, that turning the Cock, the Water 
iffueth forth at the Pipé, and flies very high, and 
that efpecially if the Veffel be a little heated. Some 
make ufe of this for an Ewer to wath hands with- 
all, and therefore putting a moveable Pipe above 
C, fuchas the Figure fheweth: which the Water 
will caufe to turn very quick, pleafurable to be: 
hold: ania ee" 

6. 

Sixtbly , Of Archimedes's Screw, which makes 
Water afcend by defcending. 

A ea is nothing elfe but a Cylinder; about 
the which is'a Pipe in form of a Screw, and 

when one turns it, the Water defcends always 
in re{peG& of the Pipe: for it paffeth from one 
part which is higher to that which is lower, and 
at the end of the Engine the Water is found 
higher than it was at the Spring. This great En- 
gineer, admitable in all Mathematical Arts, in- 
vented this Infirument to walh King Hieroves 

O great 
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194 sathematical Recreation. 
great Veffels,as fome 

water the tields of 
Egypt, as Diodorus 

witnefleth: and Cars 
danus xeporteth that 
a Citizen of Milan 
having made the like 
Engine, thinking; 

* himfelf to be the firft Inventer, conceived (100 
exceeding joy, that he became mad, Fol. 2. 

Again, À thing may afcend by defcending, if 
a fpiral Line be made, haying many circulations 
or revolutions; the laft being always leffer than 
the firft, yet higher than the Plain fuppofed : I 
is moft certain that then putting a Ball intoit, and 
turning the fpiral Line fo, that the firft circula- 
tion may be perpendicular, or touch always the 
fuppofed Plain, the Ball fhall in defcending con- 
tinually afcend, until at laft it come to the high- 
eft part of the fpiral Line, and fofall out. And 
here efpecially. may be noted, That a moving Bo- 
dy, as Water, ora Bullet, or fuch-like, will ne- 
ver afcend, if the Helical Revolution of the Screw 
be not ipelining to the Horizon: {o that accord- 
ing to this Inclination the Ball or Liquor may de 
{cand always by a continual motion and revolu- 
tion. And this Experiment may be more ufeful 
naturally made with a Thread of Iron or Latine, 
turned or bowed, Helically about a Cylinder, 
with fome diftinction of diftances between the 
Helices, for then having drawn out the Cylinder, 
or having hung or tied fome weightatit, in hacky 
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fort that the Water may eafily dropif one lift up 
the faid Thread: thefe Helices or Revolutions 
notwithftanding will remain inclining to the 
‘Horizon, and then turning it about forward, the 
faid weight will afcend; but backward, it will 

à defcend. Now if the Revolutions béalike, and 
| of equality amongft themfelves, and the whirl- 
| ing or turning motion be quick, the fight will be 
| fo deceived, that producing the ation it will 
§ feem to the ignorant no lefs than a Miracle. 

À. 

Seventhly, Of another fine Fountain of Pleafures 

p 4 Aa is an Engine which hath two Wheels 
with Cogges or Teeth, as 4B; which are 

i placed within an Oval C D, infuch fort, that the 
‘A Teeth of the one may enter into the Notches of 

the other; but fo juft,that.neither Ait nor Water 
May enter into the Oval Coffer, either by the 
middle, or by the fides, for the Wheel muft joyn — 
fo near to the fides of the Coffer, that there be no 
vacuity: To this there is an Axletree with a han- 
dle to each Wheel, 
fo that they may be 
turned, and A being 
turned, that turneth 
the other Wheel that 
isoppofite: by which 
motion the air that 
is in É, and the wa- 
ter that 1s carried by 
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196  patbematital Becreation. 
the hollow of the Wheels of each fide, by conti 
nual motion, is. conftrained to mount and flie out 
by the Funnel F. Now to make the Water run 
what way one would have it, there may be ap- 
plied upon the top:of the Pipe F, two other 
moveable Pipes inferted one within another; as 
the Figure fheweth. But here note that there 
may acrue fome inconveniency in this Machine, 
fecing that by quick turning the Cogs or Teeth 
of the Wheels running one againft another, may 
near break them, and fo give way to the Air to 
enter in, which being violently inclofed will e- 
{cape to occupy the place of the Water, whofe 
weight makes it fo quick : howfoever, if this Ma- 
chine be curioufly made as an able Workman may 
eafily do, it isa moft foveraign Engine, to caft 
Water high and far off for to quench fires. And 
to have it to rain to a place afligned,accommodate 
a Socket having a Pipe at the middle, which may 
pointtowards the place, being fet at the top there- 
of, and {o having great difcretion in turning the 
Axis of the Wheel, it may work exceeding well, . | | 

‘and continue long. 

8° 

Eightly, Of a fine Watering-Pot for Gardens. 

À ee may be made in form of a Bottle, ac- 

by der 

A che ol 

Larry | 

| 

cording to the laft figure, or fuch-like, ha . | 
ving at the bottom many {mall holes, and at the 

neck of it another hole fomewhat greater than 
thofe 
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thof at the bottom, which‘hole at the top you 
muft unftop when yowwould fill this Watering- 
Pot, for then it is nothing but putting the lower 
end into a Pail of Waters for fo it will fill it felt 
by degrees: and being full, put your Thumbon 
the hole at the Neck to ftopit, for then may you 
carry it from place to place, and it will 
not fenfibly ran out; fomething it will, and all 
in time, (if it were never {fo clofe ftopped) con- 
trary to the ancient Tenet in Philofphy, That Air 
will not penetrate. | 

De ; 

Ninthly, How eafily to take Wine out of a Veffel at 
the Bung-bole, without piercing of a bole in the 
Veffel. 

N this there is no need but to have a Cane ox 

+ Pipe of Glaf;'or fuch-like, oneof the ends of” 
which may be clofed up almoft, leaving [ome {mal] 
holeatthe end ;- for then if that end be fetinto 
the Veffel at the Bung-hole, the whole Cane. or 
Pipe will be filled by little and little ; and ‘once 
being fall, ftop the —— me 
other end which is F 
without , .and then 
pull out the Cane or ' & 
Pipe, fo will it be À 
full of Wine, then "1: 1, à 
opening a little the © D BSN Le 
top above, you may ° 2° rs 
fill a Glafs or other 

wd 

Pot with it, foras the Wine iffueth out, the air 
comethinto the Cane or Pipe, to fupply vacuitys 

O 3 10. Tenthly, 
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| Io. 

Tentbly, How'to meafure irregular Bodies by belp of 
W ater. ; 

LR throwin the Body or Magnitude into a 
Veffel, and keep that which floweth out over, 

faying it is always equal to the thing caft into the 
Water: But it is more neater this"way, to pour 
into a Veffelfuch a quantity of Water, which may 
be thought fufficient to cover the Body or Mag- 
nitude, and make a mark how high the Water is 
in the Veffel, then pour out all this Water into 
another Veffel, and let the Body or Magnitude be 
placed intothe firft Veffel; then pour in Water 
from the fecond Veffel until it afcend unto the 
former mark made in the firft Veffel, fo the Wa- 
ter which remains in the fecond Veffel, is equal 
to the Body or Magnitude put into the Water : 
But here note that this isnot exact or free from 
error, yet nearer the Truth than any Geometri- 
cian can otherwife poflibly meafure ; and thefé 
Bodies that are not fo full of pores, are more tru 
ly mealured this way, than others are, 

I Ie 

To find the Weight of Water. 

Eeing that ,22¢ part of an ounce weight, 
makes a Cubical Inch of Water, and every 

pound weight Haverdupoix makes 27 Cubical 
Ailes La de ie Inches 
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Inches, and , 2 fere, and that 7 Gallons and a half 

Wine-meafure makes a foot Cubical, it is eafie 

byinverfion, that knowing, the quantity of a 

Vellel in Gallons to find his content in Cubical 

feet or weight : and that late famous Geometri- 

cian Mafter Brigs founda Cubical Foot of Water 

to weigh near 62 pound weight Haverdupoiz. 

But the late Learned Simon Stevin found a Cubi- 

cal Foot of Water to weigh 65 pound; which 

difference may arife from the inequality of Wa- 

ter; for fome Waters are more ponderous than 

others; and fome difference may be from the 

weight of a pound, and the meafure of a Foot. 

Thusthe weight and quantity of a folid foot fet- 

|. led, it is cafe for Arithmeticians to give the con- 

sents of Veffels or Bodies which contain Li- 

guids. 

129 

To find the Charge that a Veffel may carry, a Ships 

Boats, or fnch-like. 

ire is generally conceived , that a Veffel 

may carry as much weight as that Water 

weigheth whichis equal unto the Veffel in big- 

nefs, in abating only the weight of the Veffel: 

Wefee that a Barrel of Wine or Water caft into 

the Water, will not fink to the bottom, but {wim _ 

eafily ; and if a Ship had not Iron and o
ther pons 

derofities in it, it might {wim full of Water with- 

out finking: In the fame manner if the Veffel | 

were loaden with Lead, fo much fhould the Wa- 

| O 4 ter 
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ter weigh: Hence itis that Mariners call Ships of 50000 Tuns, becaufe they may contain one or 2000 Tun, and fo confequently carry as much.’ 

13° 
a 

Flow comes it that a Ship having Safely failed in the vaft Ocean , and being come into the Port op Har- bour, withont any tempelt will fink dowy right 2 

iT He caufe of thisis, That a Veffel may carry .7+ More upon fome kind of Water than upon others now the Water of the Sea is thicker and heavier than that of Rivers, Wells, or F ountains ; therefore the loading of a Veffel which is accoun- ted fufcient in the Sea, becomes too great in the- Harbour ; or Sweet Water. Now fome think that it is the depth of the Water that makes Vef- fels more eafie to wim, but itisan abufe: for if the loading of a Ship be no heavier than the Was ter that would occupy that place, the Ship fhould as calily {wim upon that Water, as if it did {wim upon a thoufand fathom deep of Water; and if the Water be no thicker than.a leaf of Paper, and weigheth but an ounce under a heavy body, it will {upport it, as well as if the Water under if weighed ten thoufand pound weight: Hence it is, if there be a Veffel capable of a little mor than a thoufand pound weight of Water, you may put into this Veffel a piece of Wood which thall weigh a thoufand pound weight ; (but ligh- ter in his kind than the like magnitude of Wate) 
: ° for 



= æ — 

En 

Mathematical Recreation, 2er 
for then pouring in but a quart of Water, or a 
very little quantity of Water, the Wood will 
{wim on the top of it, (provided that the Wood - 
touch not the fides of the Veffel) which is a fine 
Experiment, and feems admirable in the perfor- 
mance. 

140 

How @ grofS Body of Metal may fim upon the 
Water. 

| 5 pre is done by,-extending the Metal into a 
él thin Plate, to make it hollow in form of 
| a Veffel; fo that the greatnefs of the Veffel which 
the air with it containeth, be equal to the magni- 

| tude of the Water, which weighs as much as it, 
* | for all Bodies may {wim without finking, if they 

occupy the place of Water equal in weight unto 
+ | them, as if it weighed 12 pound, it muft have the | 

| place of 12 pound of Water * Hence ‘it is that 
_ we {ce floating upon the Water great Veffels of 
Copper or Brafs, when they are. hollow . in form 
| Of aCaldron. And how can it be otherwife con- 
| ceived of Iflands in the Sea, that {wim and float 2 
As it not that they are hollow and fome part like 
unto a Boat, or that their Earth is very light and 
| fpongeous, or having many Concavities in the 
| Body of it, or much Wood withinit. | 

And it would be a pretty propofition to 
|fhew how much every kind of Metal fhould 
| be inlarged to make it {wim upon the Water : 

Foire | which 
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which doth depend upon the proportion that is | 
between the weight of the Water and each Me: 
tal. Now the proportion that is between Metals 
and Water of equal magnitude, according to 
fome Authors, is as followeth : | 

c 

: GOLD 1874 
A magnitude of 10 pound | LEAD 1164 
weight of Water will! SILVER 104 
require for the likemag- | COPPER 91 
nitude of IRON 81 

{TINNE 75 

From which is inferred, That to make a piece 
of Copper of 10 pound weight to {wim, it muft 
be made fo hollow that it may hold 9 times that 

weight of Water, and fomewhat more, that ts | 
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to fay 91 pound: Seeing that Copper and VVa- | 

ter of like magnitudes in their ponderofities, are | 
as before, as 10 to gI- 

15 

How to weigh the lightnef of the Air. 

P Lace a Ballance of wood turned upfide down 

into the water, that fo it may {wim, then let | 

water be inclofed within fome body, as within 4, 

Bladder or fuch-like, and fuppofe that fuch a | 

quantity of Air fhould weigh one pound, place à 

it under one of the Ballances, and place under 

the other as much weight of lightnefs as may § 

counter-ballance and keep the other Ballance that, à 
16 | 
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if it rife not out of the water: by which you fhall 

| fee how much the lightnefs i 1S. 
But without any 

5ME Ballance do this : 
| Take a Cubical hol- 
| low Veffel, or that 

7} which is Cylindri- 
9; § cal,which may {wim 
% onthewater, andas UU 
1} it finketh by placing js 
LR of weights upon it, 
ÿ § mark how much, forthen if you would examine 
_§ the weight of any body, you have nothing to do 
pat but to put it into this Veffel, and mark how deep 
ml) Gt finks : for fo many pound it weighs as the 
thal weights put in do make it {fo to fink. 

it 

(Val x 16, 

| A Body being given, to mark it about, ard fhew bite 
much of it will fink in the Water, or fwim above 

VU the Water. 

if His is done by ering the weight of the 
a À Body which is given, and the quantity of 

domi) Water, which weighs as much as that body; for 
kt \ then certainly i it will fink fo deep, until it occu- 
fin) pisth the place of that quantity of Water. 
ch À © 

und | 

s 
¢ 

17. To 
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17. 

To find bow much feveral Metals or other Bodies do 
weigh lefs in the Water than in the Air. 

Ake a Ballance, and weigh (as for example) 
9 pound of Gold, Silver, Lead, or Stone,in 

the Air, fo it hang in equilibrios then coming to | 
the Water, take the fame quantity of Gold, sil- 
yer, Lead or Stone, and let it {oftly down into it, | 
and you fhall fee that you fhall need a lefs Coun- | 
terpoife in the other Ballance to counter-ballance 
it: Wherefore all Solids or Bodies weigh lef in | 
the Water than in the Air, aud fo much the lefsit 
will be, by how much the Water is grofs and 
thick becaufe the weight finds a greater refiftance, | 
and therefore the Water fupports more than Air; 
and further, becaufe the Water by the ponderolity | 
is dif{pleafed,and fo ftrives to be there again, prel- | 
fing to it, by reafon of the other Waters that.are || 
about it, according to the proportion of his || 
weight. Archimedes demonftrateth, that all Bo- |} 
dies weigh lefs in the VVater (or in like Liquor) |} 
by how much they occupy place: and if the VVa- |} 
ter weigh a pound weight, the magnitude in the/} 
VVater fhall-weigh a pound lefs than in the Air. 

Now by knowing the proportion of Water] 
and Metals, it is found that Gold lofeth in the } 
Water the 19 part of his weight, Copper the 9 § 
part, Quickfilver the 15 part, Lead the 12 part, | 
Silver the 10 part, Iron the 8 part, Tin the 7 part | 

and 
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| and alittle more: wherefore in material and ab 
| folute weight, Gold in refpect of the Water thar 

it occupieth weigheth 18 and + times heavier 
| than the like quantity of Water, that is, as 182 

1 to the Quickfilver 15 times, Lead 11 and, Sil- 
| ver roand 3, Copper 9 and }., Iron 8 and 2, 
| and Tin8 and4. Contrarily in refpect of great. 
| nefs, if the Water be as heavy as the Gold, ther 

is the Water almoft 19 times greater than the 
| magnitude of the Gold, and fo you may judge of 

LE the reff. 

18. 

| How is it that a Ballance having like weight in each 
| Scale, and banging in æquilibrio in the Air, be- 

ing placed ia another place, (without removing 
any weight) it (hall ceafe to hang in æquilibrio 
fenfibly, yea by a great difference of weight ? 

qq His is eafie to be refolved by confidering dif- 
| ferent Metals, which though they weigh 
N equal in the Air, yet in the Water there will 
if be an apparent difference ; as fuppofe fo that 
an the Scale of each Ballance be placed eighteen 
 f pound weight of feveral Metals, the one Gold, 
“and the other Copper, which being in equilibria 
| in the Air, placed in the Water will not hang 
“fo, becaufe that the Gold lofeth near the eigh- 
4 teenth part of his weight, which is about one 
| pound, and the Copper lofeth but his ninth part, 
| which is two pound: wherefore the Gold in the 

| water 
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water weigheth but 17 pound, and the Copper 
_16pound, which is a difference moft fenfible to 
confirm that point. 

19-6 

To fhere what Waters are beavier one than another, 
and how much. 

Da have an efpecial refpect unto this, 
judging that water which is lighteft is mof 

healthful and medicinal for the Body, and Sea- 
men know that the heavieft waters do bear moft. 
And it ts known which water is heavieft'thus : 
Fake a piece of Wax, and faften Lead unto it, 
or fome fuch-like thing, that it may but precifely 
fwim, for then it is equal to the like magnitude of 
water, then put it into another Veffel which hath 
contrary water, and if it fink, then is that water 
lighter than theother : But ifit fink not fo deep, 
then it argueth the water to be heavier or more 
groffer than the fixft water ; or one may take a 
piece of Wood, and mark the quantity of fink~ 
ing of it into feveral waters, by which you may 
judge which is lighteft or heavieft; for in that 
which it finks moft, that is infallibly the lighteft, 
and fo contrarily. | 
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20e 

How to make a pound of Water weigh as much as 
10, 20, 30, or 100 pound of Lead; nay as much 
as 1000 ar 10000 pound weight. 

| ep Fropofition feems very impoflible, yet 
| Water inclofed in a Veffel, being conftrain- 

Med to dilate it felf, doth weigh fo muchasthough 
there were in the concavity of it a folid body of 
Water, 

|. There are many ways to experiment this Pro- 
w: | polition,: but to verific it, it may be fufhcient to 

| produce two excellent ones onely: which had 
they not been really ated, little credit might have 
| been given unto it. | 
| The firft way is thus: Takea Magnitude which 
| takes up as much place as 100 or, 1000 pound of 
| Water, and fuppofe that it were tied to fome- 
| thing that it may hang in the Air; then make a 
| Ballance that one of the Scales may inviron it, yet 
| fo that it touch not the fides of it, but leave {pace 
| enough for one pound of Water: Then having 
| placed 190 pound weight in the other Scale, 
_ throw in the Water about the Magnitude, fo that 
| one pound of Water fhall weigh down the 109 
| pound inthe other Ballance. 
|. The fecond way is yet more admirable: Take 
| à common Ballance that is capable to receive 10 
| gr 20 pound of Water, then put into it a magni- 
| tude which may take up the place of 9 or.19 Pat 
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œatbenatical Recteationw, 
es of water,which muft 

be hung at fome Iron 
or beam which is 

. placed in a wall; fo 
that it hang quiet : 
(now itis not mate- 
rial whether the 
magnitude be hol- 
low or maffie) fo that 

it touch not theBalance in which itis put,for then 
having put the Lead or Weight into the ‘other 
Ballance, pour ina pound of Water. into the Bal- 
lance where the Magnitude is, and you fhall fee 
that this one pound of Water fhall counterpoife 

lit 

the 10 or 20 pound of Lead which is fet in the 
other Ballance. 

PROBLEM LXXXVI. 

Of fundry Queftions in ARITHMETIC K. 

And firft of the Number of Sands. 

T may be {aid incontinent, that to undertake 
this were impoffible, either to number the 

Sands of Lybia, or the Sands of the Sea; and it’ | 
was this that the Poets fung, and that vvhich the’ | 
Vulgar believes; nay, that vvhich long ago cer- 
tain Philofopkers to Gelon King of Sicily repor- 
ted, that the grainsof Sand vvere innumerables 
ButI anfvver vvith Archimedes, that not onely 
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Mathematical Recteationt. 269 
one may number thofe which are at the border, 
and about the Sea, but thofe which are able 
to fill the whole world, if there were nothing elfe 
but Sand, and the grains of Sands admitted to be 
{o {mall, that 10 may make but one grain of Pop- 
py: forat the end of the account there need not) 
to exprefs them but this number 30840979456, | 
and 35 Cyphers at the end of it. Clavius and | 
Archimedes make it fomewhat more, becaule they / 
make a greater Firmament than Ticho Brabe doth 3 
and if they augment the Univerfe, it is eafe for 
us to augment the number, and declare affuredly | 
how many grains of Sand there are requifite to | 
fll another World, incomparifon that our vifible ? 
World were but as one grain of Sand, an atom, 
Or a point 5 for there is nothing to do but to 
multiply the number by it felt, which will 
amount to 90 places, whereof twenty are thefe : 
95143798134910955936, and 70 Cyphers at 
the end of it, which amounts to a mott prodi- 
gious number, and is eafily fupputated: for fup- 
pofing that a grain of Poppy doth contain 10 
grains of Sand, there is nothing but to compare 
that little bowl of a grain of Poppy, with abowl 
of an inch or of a foot, and that to be compa- 
red with that of the Earth, and then that ‘of the 
Earth with that of the Firmament, and £ of the 
seft. 

2. Divers 
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Ze 

Divers Metals being melted together in one body, to 
find the mixture of them. 

His was a notable Invention of Archimedes, 
related by Vitruvius in his Archite@ure, 

where he reporteth that the Goldfmith which 
King Hiero imployed for the making of the Gol- 
den Crown which was to be dedicated to the 
Gods, had ftolen partof it, and mixed Silver in 
the place of it:, The King fufpicious of the work 
propofed it to Archimedes, if by Art he. could dif 
cover, without breaking of the Crown, if there 
had been made mixture of any other Metal with 
the Gold... The way which he found out was by 
bathing himfelf ; foras he entred into the Veflel 
of Water (in which he bathed himfelf ) fo the 
Water afcended or flew ont over it; and as he 
pulled out his Body, the Water defcended: from 
which he:gathexed that if a Bow] of pure Gold, 
Silver, or other Metal, were caft into a Veffel of 
Water, the Water proportionally, according to 
the thing caftin, would afcend ; and fo by way 
of -Arithmetick the Queftion lay open to be re- 
{olved :; who:being-fo intenfivély taken with the 
invention, leaps.out of the Bath all naked, cry . 
ing as a man tranfported, I have found, I have 
found, and fo difcovered it. 

Now fome fay that he took two Mafles, the 
one of pure Gold, and the other of pure Silver; 

each qual to the weight of the Crown,and there- 

fore unequal in magnitude or greatnefs ; and then 
| knowing 
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Mathematical Rectéations  27r 
Knowing the feveral quantities of watet which 
was anfwerable to the Crown, ‘and the feveral 
Maffes, he fubtilly colleéted, that if the Crown 
occupied more place within the water than the 
Mats of Gold did , it appeared that there was 
Silver or other Mctal melted with it. Now by 
the Rule of Pofition, Suppofe that each of the 
three Maffes weighed 18 pound apiece, and that 
the Mafs of Gold did occupy the place of one 
pound of water, that of Silvera pound and a half, 
and the Crown one pound and a’quarter onely : 
Then thus he might operate: The Mafs of Sil- 
ver which weighed 18 pounds, eaft into the Wa- 
ter, did caft out half a pound of water more than 
the Mafs of Gold which weighed 18 pound; and 
the Crown which weighed alfo 18 pound, being, 
put into a Veffel full of water, threw out more 
water than the. Mafs of Gold by-a quarter of a 
pound, (becaufe of mixt Metal which was'in it) 
therefore by the Rule of Proportion, If halfa 
pound of water (the Excefs) be'anfwerable tor8 
pound of Silver, one quarter of ‘a pound! of EX- 
cefs fhall be anfwerable to 9 pound of Silver, and 
fo much was mixed'in the Crown. MOSS 

Some judge the way to be more facil by wéeig- 
ing the Crown firft in the air, then inthe waters 
in the air it weighed 18 pound,and if it were pure 
Gold,in the water it would weigh but 17 pound ; 
if it were Copper it would weigh but 16 pound 5 
but becaufe we will fuppofe that Gold and Cop- 
per is mixed together, it will weigh lefs than 17 
pound, yet more than 16 pound, and that accor- 
ding to the proportioh mixed : let it then be fup- 
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212  gpathematical Recreation. 
pofed that it weighed in the water 16 pound and 

3 quarters, then might one fay by proportion, If 

the difference of one pound of lofs (which is be- 

tween 16and 17) be anfwerable to 18 pound, to 

what fhall one quarter of difference be an{wer- 

able to, which 1s between 17 and 165, and it 

will be 4 pound and ahalf, and fo much Copper 

was mixed with the Gold. 

Many men have delivered fundry ways to re- 

folve this propolition, fince Archimedes inven- 

tion, and it were tedious to relate the diverfi- 

ties. 
Baptifia Beueditius, amonpit his Arithmetical 

Theorems, delivers his way thus : if a Mafs of 

Gold of equal bignefs to the Crown, did weigh 

20 pound, and another of Silver, ata capacity or 

bignefs at pleafure, as fuppofe did weigh 12 

pound , the Crown or the mixt body would 

weigh more than the Silver, and leffer than the 

Gold: Suppofeit weighed 16 pound, which is 4 

pound lefs than the Gold by 8 pound; then one 

may fay, If 8 pound of difference come from 12 

ound of Silver, from whence comes 4 pound, 

which wlll be 6 pound, and fo much Silver was 

mixed in it, &"c. 

3. Three 
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3° 

Three men boughs 4 quantity of Wine, each paid alike, 
and each was to bave alike,s it bappened at the 
laft partition that there were 21 Barrels, of which 
7 were full,7 were balf full,and 7 empty, how muft 
they hare the Wine and Veffels, that each have as 
many Veffels one as another, and as much Wine 
one as another ? 

TL His may beanfwered two ways as followeth, 
and thefe numbers, 2, z, 3, OF 3,3, 1, may 

ferve for direction, and fignifies that the nrft per- 
fon ought to have 3 Barrels fulland as many emp- 

ty ones, and one which is half full 5 fo he thall 

have 7 Veffels, and 3 Barrels and an half of Li- 

quor; and oné of the other fhall in like manner 

have as much » fothere will remain for the third 

man 1 Barrel full, 5 which are half full, ands 

empty, and fo every one fhall have alike both in 

Veffelsand Wine. And generally to anfwer fuch 

Queftions, divide the number of Veffels by the 

number of perfons, and if the Quotient be not 

an intire number, the Queftion is impofhble ; but 

when it isan intire number, there, mult be made 

as many parts as there are 3 perfons, fecing, that ” 

each part is lefs than the halt of the faid Quoti- : 

ent: asdividing 21 by 3 there comes 7 for the 

Quotient, whichmay be parted in thefe 3 parts, 

25 2,3 OF 3,3, 1, eachof which being leis than 

halt of 7e ‘ 
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4e 

There is a Ladder which flands upright agaïnft à 
Wall of 10 foot high, the foot of it is pulled out 6 
foot from the Wall upon the Pavement : How much 
bath the top of the Ladder defcended ? 

He anfweris, 2 foot : for by Pythagoras Rule 
the us of D B, the Hypotbenufal is.equal 

a NE. to the fquare of D A 
6,and AB10. Now 
if D À be 6 foot, and 
AB 10 foot, the 

ie _  fquares are 36, and 
i ut a 2 | -  100,which 36 taken 

| > from 1oo, refis 64, 
whofe root-quadrate 
is 8,{o the foot of the 

Ladder being now at D,the top will be at C, two 
foot lower than it was when it was at B. 

FROBLEM LXxxvil. 

Witty Suits or Debates between Caius and Sempro- 
 nius, upon the form of Figures, which Geome- 

tricians call Moperimetér, or equal im circuit or 
comp afse 

. Arvel notat it, if I make the Mathema- 
Ae ticks take place at the Bar , and if I fet 
forth here Bartoleus, who witnefleth of us 
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that being then an ancient Doctor in the Law, 
he himfelt took upon him to learn the Elements 
and Principles of Geometry, by which he might 
{et forth certain Laws touching the divilions of 
Fields, Waters, Iflands, and other incident pla- 
ces: Now this fhall be to fhew in pafling by, that 
thefe Sciences are profitable and behovetul for 
Judges, Counfellors, or fuch, to explain many 
things which fall out in Laws, to avoid ambigut- 
ties, contentions, and fuits often. 

The firt Incident. 

Cy had aFicld which was directly fquare, 
having 24 meafures in circuit, that was & 

on each fide: Sempronius defiring to fé himifelf, 
prayed Cais to change withhim for 4 field which 
fhould be equivalent’. % À: 
untohis,and thebar- 1 Ai 
gain being conclu- 
ded, he gave himfor ‘ À 
Counter -change a #1 
piece of’ Ground 
which had juft as 
much in circuit as : 
his had, but it was : .: : 
not {quare, yet Quadrangular and Reéctaugled, 
having, 9 meafures in length for each of the two 
longeft tides, and g in breadth for each thorter 
fide: Now Caiw which was not the moft fubtil- 
left nor wifeft in the world, accepted his bargain 
at the firft, but afterwards having conferred with 
a Land-meafurer and Mathematician, found that 
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216 @atbematical Recreation: 
he was over-reached in his bargain, and that his 
Field contained 3 6 fquare mealures,and the other 
Field had but 27 meafures, (a thing eafie to be 
known by multiplying the length by the breadth) 
Sempronius contefted with him in fuit of Law, 
and argued that Figures which have equal Péri- 
meter, Or Circuit, are equal amongft themfelves : 
My Field, faith he, hath equal circuit with y ours, 
therefore it is equal unto it in quantity. Now 
this was fufficient to delude.a Judge which was 
ignorant in Geometrical Proportions, but a Ma- 
thematician will eatily declare the deceit, being 
affured that figures which are Ifoperemiter, 
qual in circuit, have not always equal capaci 
quantity : feeing that with the fame circuit 
may be infinite figures made, which thall be 

Or €- 
ty or 
there 
more 

and more capable, by how much they have more 
Angles, equal fides, and approach nearer u nto a 

Circle, (which is the moft capableft Figure of all) 
becaufe that all his parts are extended one from 
another, and from the middle orcentreas much 
as may be: fowe fee by an infallible Rule of Ex- 
perience, that a Square is more capable of quan- 
tity, thana Triangle of the fame circuit, and a 
Pentagone more than a Square, and fo of ot 
fo that they be regular Figures that have 
fides equal 5 otherwife there might be that a re- 

her s, 
their 

gular Triangle having 24 meafures in circuit, 
might have more capacity than a reétangled Pa- 
ralellogram, which had alfo 2 4 meafures of cir- 
cuit, as if it were 11 in length, and 1 in breadth, 
the circuit is ftill 24, yet the quantity is but 11 3 
and if it had 6 every way, it gives the {ame 
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The Second Incident. 

\ Empronius having borrowed of Caius a Sack of 
Corn, which was 6 foot high, and 2 foot 

broad, and when there was queftion made to re- 
pay it, Sempronius gave Caius back two Sacks full 
of Corn which had each of them 6 foot high,and 
1 foot broad : who believed that if the Sacks were 
full, he was repaid; and it feems to have an ap- 
pearance of truth, barely looked on. But it is 
moft evident in demonfiration, that the 2 Sacks 
of Corn paid by Sempronius to Caius, is but halt 
of that one Sack which he leat him: for a Cy- 
linder or Sack having one foot of diameter and 6 
foot of length, is but the fourth part of another 
Cylinder, whofe length 1s 6 foot, and his diames 
ter is 2 foot : therefore two of the leffer Cylin- 
ders or Sacks is but half of the greater; and fo 
Cain was deceived in half his Corn. 

The Third Incident. 

Con one from a common Fountain of a City 
\J hatha Pipe of Water of an inch diameter ; 
to have it more commodious he hath leave to take 
as much more water ; whereupon he gives 
order that a Pipe be made of two inches dia- 
meter. Now you will fay prefently, that itis 
reafon to be fo biz, to have jut twice as 

much 

| Bathematical Recreation, 217 
| Perimeter, viz. 24,-but aquantity of 36, as be» 
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much water as he had before: but if the Magi- 
ftrate of the City underftood Geometrical Pro- 
portions, he would foon caufe it to be amended, 
and fhew that he hath not onely taken twice as 

sms much water ashe 
had before, but four 
times as much: for a 
circular hole which 
is two inches diame- 
ter, 1s four times 
greater than that of 
one inch, and there- 
fore will caft out 

four times as much water as that of one inch, and 
{ the deceit is double alfo in this. 

Moreover, if there were a heap of Corn of 
20 foot every way, which was borrowed to be 
paid next year: the party having his Corn in 

heaps of 12 fout every way, and of 10 foot eve- 

komt 
{ 

«y way, proffers him 4 heaps of the greater, or 7° 
heaps of the leffer, for his own heap of 20 every 
way, which was lent : Here it feems that the 

proffer is fair, nay with advantage, yet the lots 
would be near 1000 foot. Infinite of fuch cau- 

es do arife from Geometrical Figures, which 

areable to deceive a Judge or Magiftrate, which 
is not fomewhat feen in Mathematical Documents. 

f / 

Cost 

graph 

bt 

| Q 

matica 
Where 
to {pes 
be faid 

| dle of 

| the Hol 

D Mention 

B ferprete 

a cedint 

world, 
À and ph 
rule 

temity 

D lt the 
D Circle, 



mathematical Becveation, 219 

PROBLEM LXxXXVIIL. 

UM Containing fundry Queftions in. matter of Cofre- 
à | graphy. 

Irft, It may be demanded where is the mid- 
dle of the World ? I {peak not here Mathe- 

D matically, but as the vulgar People, who ask, 
lt Whereis the middle of the World ? In this fence 

to {peak abfolutely there is no point which may 
be faid tobethe middle of the furface;for the mid- 
dle of a Globe is every where : notwichftanding 

nol | the Holy Scriptures {peak refpectively, and make 
De | mention of the middle of the Earth, andtheln- 
|) terpreters apply it tothe City of Ferufalem, pla- 
“M ced in the middle of Paleftina, and the habitable 
of world, thatin effet taking a Mapof the World, 
| vay) and placing one foot of the Compaffes upon Fe~ 

tit) ‘rafalem, and extending the other foot to the ex- 
los} tremity of Europe, Afia, and Africa, you fhall fee 

| 

ke 
that theCity of Ferufalem is as a Centre to that 

hich | Circle. — 
Ze 

À How much is the depth of the Earth, the height 
… of the Heavens, aud the compas of the World ¢ 

ae 

Rom the furface of the Earth unto the Centre 
according to ancient traditions,is 3436 miles, 

fo the whole thicknefs is 6872 miles, of which 
| the 
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the whole compafs or circuit of the Earth is 
21600 miles. 

From the Centre of the Earth to the Moon 
there is near 56 Semidiameters of the Earth, 
which is about 192416 miles: unto the Sun 
there is 114.2 Semidiameters of the Earth, that is 
in miles 39249123 from the ftarry fxrmament 
to the Centre of the Earth there is 14000 Semidi- 
ameters, that is, 48184000 miles, according to 
the opinion and obfervation of that learned Zi- 
cho Brahe. 

From thefe meafures one may colle& by Arith- 
metical fupputations, many pleafant propofitions 
in this manner : 

Firft, If you imagine there were a hole through 
the Earth; and that a Mill-ttone fhould be let fall 
down into this hole, and to move a mile in each 
minute of time, it would be more than two days 
and a half before it would come to the Cen- 
tre, and being there it would hang in the 
Air. 

Secondly, If a man fhould go every day 20 
miles, it would be three years wanting but à 
fortnight, before he could go once about the Earth; 
and if aBird fhould fly round about it in two 
days, then muft the motion be 450 miles in an 
hour. 
Thirdly, The Moon runs a greater compafs . 

Rolie 
pl 

each hour, than ifin the fame time the fhould 

tun twice the Circumference of the whole 

Earth. | 

Fourthly, Admit it be fuppofed that one fhould 

20 twenty miles in afcending towards the Hea- 
vens 
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| vens every day, he fhould be above fifteen years, 

before he could attain to the Orb of the 
in} Moon. we 
tt, |  Fifthly, The Sun makes a greater way in one 
un | day than the Moon doth in 20 days, becaufe that 
tis} the Orb of the Suns Circumference is at the 
ent § leaft twenty times greater than the Orb of the 
de} Moon. 
10 Sixthly, If a Mill-ftone fhould defcend from 
4 the place of the Sun a thoufand miles every hour, 

: which is above 15 miles in a minute, far beyond 
i: | the proportion of motion) it would be above 

163 days before it would fall down to the 
} Earth. 

 Seventhly, The Sun in his proper Sphere 
moves more than feven thoufand five hundred 

| and feventy miles in one minute of time : now 
there is no Bullet of a Cannon, Arrow, Thun- 

| derbolt, or Tempeft of Wind that moves with 
| fuchquicknefs. 

Eighthly, It is of a far higher nature to con- 
| fider the exceeding and unmoveable quicknefs 

| of the ftarry firmament, for a Star being in the 

| Æquator, (which is juft between the Poles of 

| the World) makes 12598666 miles in one hour, 

| which is two hundred nine thoufand nine hun- 

dred and feventy four miles in one minute of 
time: and if a Horfeman fhould ride every day 
ao miles, he could not ride fuch a compafs in 

| a Thoufand Years, as the Starry Firmament 
| moves in one hour, which is more than if one 

fhould move about the Eartha thoufand timesin 

one hour, and quicker than poffible thought 
can 
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222 Mathenratical Recreation, | 
can be imagined : and if a Star fhould fly in the 
Air about the Earth with fuch a prodigious quick- 
nefs, it would burn and confume all the World 
herebelow. Behold therefore how time paffeth, ||| 
and death haftethon : Thismade Copernicus not 
unadvifedly to attribute this motion of Primum ih : à | Wale i 
mobile to the Earth, and not to the ftarry Firma- M het 
ment; for it is beyond humane fenfe to appre- J ee 
hend or conceive the rapture and violenceof that M} tbe 
motion, being quicker than thought; and the M sich 
Word of God teftifieth that the Lord made all “# be D 
things in Number, Meafure, Weight, and Time. - 

E Jord ln PROBLEM XCIl. 1) 
? Ae hig Braine AA To find the Biffextile-Year, the Dominical-Letter, or 

ee and the Letters of the Month. ea 

Î thal] Nal 

For ( 
Et 123,01 124, Or 125, Or 26, or 27,(which 
is the remainder of 1500, or 1600) be divi- 

ded by 4, which is the number of the Leap-year, | pa 
and that which remains of the divifion fhewsthe 
Leap-year ; as if one remain, it fhews that itis | 
the firft year fince the Biffextil or Leap year; if | 
two, it is the fecond year, ge. and if nothing re- 

ie si le # . | br he 

main, then it is the Biffextileor Leap-year: and | : then 
the Quotient fhews you how many Biffextiles or | % 

Leap-ycars, there arecontained in fo many years. | ‘a | 
At NM 
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‘To find the Circle of the Sun by the Fingers. | 

(which is the Circle of the Sun, or whole re- 
.  volution of the Dominical Letters) and that 
oh | ° . ° . . 
», which remains is the number of Joynts which is 
M to be accounted upon the Fingers, by Filius efto 
LB Dei, cœlum bonus accipe gratis : and where the 
4,0 number ends, that Finger fheweth the year 
18 which is prefent, and the words of the Verfe thew 
v Gil § 

| b the Dominical Letter. 

1h 4 
al | hes 123,24, 25, 26, or 27, be divided by 28, 

not M 

: 

| Example. 

" Ivide 123 by 28 for the year (and fo of o- 
D ther years) andthe Quotient is 4, and there 

D remaineth 11, for which you muft account 11 
™ EB words: Filiw ete Der, éc. upon the Joynts, be- 

| ginning from the firft joynt of the Index, and you 
,  fhall have the anfwer. 
‘M: For the prefent to know the Dominical Letter 
| for cach month, account from Fanuary unto the 
| month required, including Fanuary, and ifthere 
À be 8,9,7,0r5, youmuftbegin upon the end of 
| the Finger from the Thumb, and account, Adam 

D degebat, Gc. as many words qs there are months, 
D for then one fhall have the Letter which begins 

| the month; then to know what day of the month 
D it is, fee how many times 7 is comprehended in 

GR the number of days, and take the reft, fuppofe 4, 
| account upon the firft finger within and without 
| by the joynts, unto the number of 4, which ends A | 
| at 

4 

7 
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224 Batheinatical Recreation. 
at the end of the Finger : from whence it may 
be inferred that the day required was Wednefday, 
Sunday being, attributed to the firft Joynt of the 
firft Finger or Index: and fo you have the pre- 
fent year, the Dominical Letter, the Letter which 
begins the Month, and all the days of the Month. 

eue. 

PROBLEM XCIIL 

To find the New and Full Moon in each Month. 

Dd to the Epaët for the year the Month 
from Marck, then fubtract that furplufs* 

from 30, and the reft is the day of the Month 
that it willbe New Moon, and adding unto it! 
14, you fhall have that Full Moon. 

Notes 

gt Hat the Epact is made always by adding 11 
unto 30, and if it pafs 30, fubtract 30, 

and adde 1£ to the remainder; and fo ad infi- 
nitum: as.if the Epact were 12, add 11 to if, 
makes 23 for the Epa next year, to which add 
11 makes 34, fubtract 30, refts 4 the Epact for 
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PROBLEM XCIV. 

To find the Latitude of a Countrey. 

Hofe that dwell between the North-Pole and 
the Lropick of Cancer, have their Spring and 

Summer between the 10 of March and the 13 of 
September : and therefore in any day between that 
time, get the Suns diftance by inftrumental obfer- 
vation from the Zenith at noon, and add the de- 
clination.of the Sun for that day to it: So the Ag- 
gregate (heweth fuch is the latitude orPoles height 
of that Countrey. Now the declination of the Sun 
for any day is found out by Tables calculated to : 
that end : or Mechanically by the Globe,or by in- 
firument it may be indifferently had. © And here 
note, that if the day be between the 13 of Septem- 
ber and the 10 of March,then the Suns declination 
for that day muft be taken out of the diftance of 
the Sun from the Zenith at noon : fo fhall you 
have the Latitude, as before. 

PROBLEM XCV. 

Of the Climates of Countreys, and to find what Cli- 
mate any Countrey i under, 

| Ra es as they are taken Geographically 
fignifie nothing elfe but when the length of 

the ngelt day of any place, is half an hour 
longe 

ef 



226 Oathematical Recreation. 
longer or fhorter than it is in another place, (and 
fo of the fhorteft day) and this account to begin 
from the Equinoctial Circle, feeing all Coun- 
treys under it have the fhorteft and longeft day 
that can be but12 “hours; But all other-Coun- 
treys that are from the Equinoétial Circle either 
towards the North or South of it unto the Poles 
themfelves, are {aid to be in fome one Climate or 
other ; from the Eguinodtial to.cither of the Poles 
Circles, (which are in the Latitude of 66 deg. 30 
min.) between each of which Polar Circles. and 
the Equinoctial Circle there is accounted 24 Cli- 
mates, which: differ one from another by half an 
hours time : then from each Polar Circle toeach 
Pole there are: reckoned 6 other Climates which 
differ one fromanother by a monthstime: fo the 
whole Earth is divided into 60 Climates, 30 be- 
ing allotted to the Northern Hemifphere, and 30 
to the Southern Hemifphere. : And here note, 
that though thefe Climats which are between the 
EquinoGial and the Polar Circles are equal,one 
unto the other in refpect of time; to, wit, by half 
an hour ; yet the Latitude, breadth, or internal, 
contained between Climate and Climate, is not 
equal: and by how muchany Climate is farther 
from the Equinoctial than another.Climate, by 
fo much the leffer is the internal between that 
Climate and the next: fo thofe that are neareft 
the Equino¢tial are largeft, and thofe which are 
fartheft off moft contra@ed : and to find what 
Climate any Country is under, fubtra@ the length 
of an Equinoétial day, to wit, 12 hours,from the 
length of the longeft day of that Countrey, the 
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: remainder being doubled fhews'the Climate : So 
| at London the longeft day is-near'16 hours and a 

“À half; r2taken from it,thereremains 4 hours and 
pa hale, which doubled makes 9 half hours,that is, 

| 9 Climates; fo London is in thé 9 Climate. 

PROBLEM XCVI. 

Of Longitude and Latitude of the Earth, and of 
the Stars. 

Ongitude of a Countrey or place, isan Arck 
is of the Æquator contained between the Me- 
ridian of the Azores, and the Meridian of the 
place, and the greateft Longitude that can be is 
360 degrees. 

Note, That the firft Meridian may be taken at 
pleafure uponthe Terreltriaf Globe or Map, for 
that fome of the ancient Afironomers would have 
it at Hercules Pillars, whtch is at the firaights at 
Gibraltar : Ptolory placed it at the Canary Iftands, 
but now in thefe latter times it is held to be near 
the Azores. . But why it was tirft placed by Prolo- 
my at the Canary Iflands, was, becaufe that in his 
time thefe Hands were the fartheft Weftern parts 
of the World that was. then difcovered. And why 
it retains his place now at St. Michaels near the 
Azores, is that becaufe of many accurate obfer 
vations made of late by many expert Naviga- 
tors and Mathematicians, they have found the 
Needle there to have no variation, but to point 
North and South: that is, to each Polé of the 
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228 pathemratical Recreation. 
World: And why the Longitude from thence is 
accounted Eaftward, is from the motion of the 
Sun Eaftward, or that Ptolomy and others did 
hold it more convenient to begin from the We- 

ftern part of the World, and fo account the Lon- 
gitude Eaftward from Country to Country that 
was then known, till they came to the Eaftern part 
of Afia,rather than to make a teginning upon that 

which was unknown: and having made up their 
account of reckoning the Longitude from the We- 

ftern part to the Eaftern part of the world known, 

they fuppofed the rett to be all Sea, which fince 

their deaths hath been found almott to be ano- 
ther habitable World. 

To find the Longitude of a Countrey. 

F it be upon the Globe, bring the Countrey to | 

the Brafen Meridian, and whatfoever degree 

that Meridian cutsin the Equinoctial, that de- 

grec is the Longitude of that Place. Ifitbeina 

Map,then mark what Meridian paffeth overit, fo 

have you the Longitude thereof; if no Meridian 

pafs overit, then take a pair of Compaffes, and 

meafure the diftance between the Place and the 

next Meridian,and apply it to the divided Parallel 

or Æguator, fo have you the Longitude required. 

Of the Latitude of Countreyse 

Countrey from the Equinodiial, or it is an 

Ark of the Meridian contained between the Zc- 

nith of the place and the Equator, which is two- 

fold, viz. either North- Latitude, or South- Lati- 
x) tude, 
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N tude, either of which extendeth from the Equi- 

N nodtial to either Pole; fo the greateft Latitude 

that can be is but 90 degrees. If any Northern 
Countrey have the Artick Circle vertical, which 

is in the Latitude of 66 gr. 30 m. the Sun will 

touch the Horizon in the North pait thereof,and 

the longeft day will prvereee ER ER 
be there then 24 
hours: If the Coun- 
trey have lefs Lati- | 
tude than 66 gr 30 | -} 
m. the Sun will rife on TES ee 108 

and fetbut ifithave | KN 17/7 

more Latitude than ENT A) 

66 gr. 30m. it will | 

be vifible for many days. And if the Countrey be 

under the Pole, the Sun will make a circular mo- 

tion above the Earth,and be vifible for half a year: 

{o under the Pole there will be but one day and 

one night in the whole year. 

To find the Latitude of Countreys- 

1 it be upon a Globe,bring the place to the Bra- 

{en Meridian, and the number of degrees 

whichmeeteththere- 

with, is the La- che 

Compaffes take the 
diftance between the 
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230 ©. Wathenvatical Recreation. 
noctial will thew the Latitude of that Countrey, 
which is equal to the Poles height. If it be upon 
a Map, then mark what Parallel paffeth over the 
Countrey, and where it croffeth the Meridian, 
that {hall be the Latitude: But if no Parallel paf- 
feth over it, then take the diftance between the 
place and the next Parallel, which applied to the 
divided Meridian from that Parallel will thew the 
Latitude of that place. | 

To find the diftance of. places. 

ip it beupon a Globe, then with a pair of Cow 
. paffes take the dittance between the two Places, 

and apply it to the divided Meridian or Æqwator, 
and the number of degrees fhall fhew the diftance, 
cach degree being 60 miles. If it be in a Map 
(according to Wright’s proje@ion) take the di- 
fiance with a pair of Compafles between the two 
places, and apply this diftance to the divided Me- 
ridian on the Map, right againft the two places ; 

4 

fo as many degrees ds.is contained between the 
feet of the Compaffes, fo much is the diftance be= 
tween the two places. If the diftance of two pla- 
ces be required in a particular Map, then with the 
Compaffes take the diftance between the two pla- 
ces, and apply itto the Scale of miles, fo have you 
the diftance : Af the Scale be too, fhort, rake the | 
Scale between the Compaffes, and apply that to 
the two places*as often as you can, fo have you | 

' 
the diftance required. 
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Of the Longitude, Latitude, Declination, and Di- 
tance of the Stars. | 

HeDeclination of a Star istheneareft diftance 
ofa Star fromthe Aguators the Latitude of 

a Star is the ncarelt diftance of a Star from the 
Ecliptick: the Longitude of a Starts an Ark of 
the Ecliptick contained between'the beginning of 
Aries, and the Circle of the Stars Latitude, which 
is a Circle drawn from the Pole of the Ecliptick, 
unto the Star, and fo tothe Ecliptick. The di- 
fiance between two Stars in Heaven is taken by a 
Crofs-Staff, or other Infirument’ and upon a 
Globe it is doneby taking between the feet of the 
Compaffes the two Stars, and applying it to the 
Equator, fo have you the diftance between thofe 
two Stars. | | 

How is it that tmo Horfes or other Creatures being 
foaled or brought forth into the World at one and 
the fame time, that after certain days travel, the 
one lived more days than the other, uotwith{tand- 
ing they died together in one and the fame mo- 
ment alfo ? | 

His is eafie to be anfwered : Let one of them 
travel toward the Welt, and the other to- 

wards the Eaft: then that which -gocs towards 
the Weft followeth the Sun, and ‘therefore fhall 
have the day fomewhat longer thanif there had 
been no travel made; and that which goes Eaft, 
by going againft the Sun {ball have the day fhort- 
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232  atbematical Recréation: 
cr, and fo in re{pect of travel, though they dieat 
onc and the felf-fame hour and moment of time, 
the one hall be older than the other. 
From which confideration may be inferred, That 

a Chriftian, a Few, anda Saracen may have their 
Sabbaths all upon one and the fame day, though 
notwithftanding the Saracen holds his Sabbath 
upon the Friday; the Few upon the Saturday, and 
the Chriftizn upon the Sunday : For being all three 
refident in one place, if the Saracen and the Chri- 
{tian begin their cravel upon the § aturday,the Chri- 
itan going Weft,and the Saracen Eaftwards, fhall 
compals the Globe of the Earth; thus the Chri- 
fttan at the conclufion fhall gain a day, and the Sa- 
racen {hall Jofe a day,, and fo meet with the Fem 
every one upon his own Sabbath. 

Certain fine Obfervations. 

i, U Nder the Equinodtial the Needle hangs 
in eguilibrio,but in thefe parts it inclines 

under the Horizon ; and being under the Pole it 
is thought it will hang vertical. 

1. In thefe Countreys which are without the 
Tropical Circles, the Sun comes Eaft and Weft 
every day fora half year; but being under the 
Equinoctial the Sun is never Eaft nor Weft, but 
twice in the year, to wit, the 10 of March, and 
the 13 of September. 

UT. Ifa Ship be in the Latitude of 23 gr.30 m. 
that is, if it hath either of the Tropicks verticals 
then at what. time the Suns Altitude is equal to 
his diftance trom any of the Equinoétial points, 
then the Sun is‘due Eaft or Weft. IV. 
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IV. If a Ship be between the Equinodtial and 

either of the Tropicks, the Sun will-come twicé 
| to one point of ‘the Compafs in the fore-noon, 

=> = =e 

> =. 
3 

2 

— = tas 

| that is in one and the fame pofition. 
V. Under the Equinodtial near Guinea there is 

but two forts of Windsall the year, 6 months a 
Northerly wind,and 6 mopths a Southerly wind, 
and the flux of the Sea isaccordingly. 

VI. If two Ships under the Equinoétial be 100 
. | leagues afunder, and fhould fail. Northerly until 
| they were come under the Artick Circle, they 
fhould then be but.50 leagues afunder. 

VII. Thofe which have the Artick circle ver- 

| tical, when the Sunis’in the Tropick of Cancer, 
| the Sun fetteth not; but toucheth the weftern part 

of the Horizon. 
VIII. If the complement of the Suns height at 

noon be found equal to the Suns-Declination for 
that day, then the EquinoG@iabis*vertical, or a 
Ship making fuch:an obfervation,the Equinoctial 
isinthe Zenith, or direG over,them, by which 
Navigators know when they crofs the Line, in 
their travels to the Ivdies, or other parts. 

IX. The Sun being in the Equino¢tial,the ex- 
tremity of the Style in any Sun-Dyal upon a Plain 
maketh a right Line, otherwile it is Eclzptical, 

| Hyperbolical, ec. 
X. When the fhadow ofa man, or other thing 

| upona Horizontal Plain,is equal unto it in length 
| then isthe Sun in the middle point between the 
| Horizon and the Zenith, that is45 degrees high. 
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PROBLEM XCVII. and 
fun yo 

Tomake a Triangle that hall have three right Angles, QE 
part 0! 

ys the Compañfes at aleattuls and upon 4 | iith,¢ 
defcribe an Ark BC, then at thefameopen- | __ 

~ ing place one of the feet in B,and defcribe the Ark 
AC. Laftly, Place one of the feet of the Com- 
paffes in Cand eg the Ark 4B. So fhall you 
ee . have the’ Spherical |} %4 

Æguilateral Triangle jé 
ABC, right angled at | 
A,at Band at C, that ; 

| 1S, each angle com- là 
À] prehended go de- #! pi 
fi grees : which can ne- audit: 
di à ‘ver be in any plain Dr 

® Triangle, whether it end ¢ 
be Æquilateral, café, Scaleve, Ortbogonal, or | 4m 

| Opigonal. hen 
it Line 
h intel 

PROBLEM XCVIIL. Mine 
Lines 

To divide a Linein as many equal parts as one will, 4), Line 
without Compe or without feeing of it. IH; 

0D, 
paie PidpéR ton hath a fallacy init, and can-W} thy 

not be practifed but upon a Maincordion : Èpe 
for the Mathematical Line which proceeds from 
the flux of a point,cannot be divided in that ye : 
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PWathematical Becreation. 235 
One may have therefore an Inftrument which is 
called Maincordion, becaule there 1s but one cord : 
and if you defire te divide your line into 3 parts, 
run your finger upon the frets until you found a 
third in Mutick: If you would have the fourth 
part of the Line, then find the fourth found, a 
fifth, gc. fo fhall you havethe an{wer. 

PROBLEM XCIx. 

To draw a Line which fhallincline to another Line, 
yet never meet, ag ainft the Axiome of Parallels. 

i i His is done by help of a Conoeide line, pro: 
duced by aright line upon one and the fame 

plain, held in great account amongft the Ancients, 
and it is drawn after this manner. 

Draw a-right line infinitely, and upon fome 
end of it, as: at J, draw a aa Line I 
A, augment it to Hy, — 
then from A draw 
Lines at pleafure to 
interfeét the Line I 
M, in each of which 
Lines from the right 
Line IM, transfer 
TH, viz. KB, LC, 
OD,PE, QF,MG, 
then from thofe points draw im Line HB, CD, 
E,F,G, which will not meet with the Line JM, 
and yet incline nearer and nearer unto it. 
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PROBLEM C. 

To obferve the variation of the Compaffes, or Needle, 
t# any places. 

Re defcribea circle upona plain, fo that the 
Sun may fhine on it both before noon and 

after noon; in the centre of which circle place a 
Gnomon or Wire perpendicular, as A B, and an 
hour before noon mark the extremity of the fha- 
dow of A B, whichduppofe it be at C, defcribe 
a circle at that femidiameter C DF ; then after 
noon mark when the top of the fhadow of AB 

' ——— PR ts toucheth the circle, 
| which admit in D; 

divide the diftance C 
D into two equal 
parts, which fuppofe 
at E, draw the line 
EAF, which is the 
Meridian Line, or 
Line of North and 

South: Now if the Ark of the circle C D be di- 
vided into degrees, place a Needle GH upona 
plain fet up in the centre, and mark how many 
degrees the point of the Needle G is from E, fo 
much doth the Needle vary from the North in 
that place. Nh tn the 

NH MD tothe 

P 

U 
this de 

the Ho 

Rod.t! 
witha 

 chenat 

| winds 
| atthe I 

thifrod 
| abarty 

the my 
Vane 

withou 
Dart w! 
Plalter 

32 Point 
A cikingy 
by pla 
the Nor 

À theref 
intothis 

\ 

Way the 



pathematical Recreation, 237 

PROBLEM CI. 

How to find at any time which way the Wind is in 

ones Chamber, without going abroad. 

U Pon, the Planking or Floor of a Chamber, 
Parlor, or Hall where you intend to have 

this device, let there come down from the top of 

the Houfe a hollow Poft, in which place an Tron 

Rod,that it afcend above the Houfe ten or fix foot 

witha Vane or Scou- 
chen at it to fhew the 
winds without : and 
at the lower end of 
thi#rod of iron,place 
a Dart which may by 
the moving of the 
Vane with the Wind A. 

without, turn this 4 —— Sa 

Dart which is within : about which upon the 

Plaifter muft be defcribed a circle divided into the 

32 points of the Mariners Compats, pointed and 
diftinguithed to that end; then may it be marked 
by placing the Compafs by it: for having noted 

the North point,the Eaft, exc. it isealie to note all 

the reft of the points : and fo at any time coming 

into this room,you have nothing to do but to look 

up tothe Dart, which will point you out what 

way the Wind blowerh at that inftant. 

PRO: 
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A coc of 

PROBLEM CIE. aft 
How to drave a Parallel Spherical Line with great eafes Maui! 

| Dati 
Irft draw an obfcurelineG F, inthe middle | oh 
of it make two points, AB, (whichferves | and 

for Centres) then place one foot ofthe Compaffes “fi 
in B,and extend the other foot to A, and defcribe | 
the Semicircle AC; then place one foot of the 
Compaffes in A, and extend the other fcot to C, 
and defcribe the SemicircleC D. Now place the 
Compaffes in B, and extend the other foot unto 
D, and defcribe the Semicircle DE, and {o ad in- 
finitnm; which being done neatly, that there be 

no right line {gen, 
nor where the Com- 
paffes were placed, 
willfcem very ftrange 
how poflibly it could 
be drawn with fuch 
exactnefs, to fuch 
which are ignorant 
of that way. 
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PROBLEM CHI, 

To meafare an inacceffible diftance, as the breadth of 
4 River with the help of ones Hat onely. 

N an Re way of this is eafie: for having ones 
t Hat upon his Head, come near tothe Bank 

of the River, and holding your Head upright, 
which 

200 ee Ty 
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(which may be by putting a {mall ftick to fome 

one of your Buttons to prop up the Chin) pluck 
à down the brim or edge of your Hat until you 
D may but fee the other fide of the water, thentum 
| about the body in the fame pofture that it was 

à before towards fome Plain, and mark where the “A fight by the brim of the Hat glaunceth on the 
ground; for the diftance from that place to your 

.  fianding, isthe breadth of the River required. 

PROBLEM CIV. 

SS 

| How 10 meafure a height with two Straws, or to 
Small Sticks. 

Ake two Straws or two Sticks,which are oné 
as long as another, and place them at right 

| Anglesoneto the other, as AB, and AC, then 
| holding AB parallel to the eround, place theend 
| Ato the Eye at A, and looking to the other top 
| BCatC, by going backward or forward until. 
| you may ‘fee the top sion 
| of the Tower or 
| Tree, which fuppofe 
_ at E. Sothe difiance 
| from your ftanding 
N to the Tower or 
D Lxrce, is equal to the 

| height thereof above 
_} the levelofthe Eye: Te 
| to which if you add your o own Rcneehe you have 
a the whole height. 
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x Otherwife. 

Tp Ake an ordinary Square which: Carpenters 
or other Workmen ufe,: as HK L , and 

PA patie ts placing H to the Eye 
fo that H K be level, 
go back, or come 
nearer, until that by 
it you may. fee the 
top M, for then the 
diftance from you to 
the height, is equal 
to the height. 

PROBLEM Cv. 

How to make Statues, Letters, Bowls, or other things 
which are placed in the fide of ahigh Building, to 
be seen below of an equal bignefs. 

| BC bea Pillar 7 yards high, and letitbe 
| required that 3 yards above thé level of the 
Eye A, viz. at B. be placed a Globe, and 9 yards 

5 — above B be placed a- 
| nother, and 22 yards 

above that be placed 
another Globe: how 
much: fhall the Dia- 
meter of thefe Globes 
be, thatat the Eyeat 
4, they may all ap-— 
pear tobe of oneand © 

the fame magnitude? Itis thus done: Firft drawa 
line, 

nés 

divid 
defer 
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line,;asAK and upon K ere a perpendicular,KX3 
divide this line into 27 parts,& according toAK, 
defcribe an Ark KY,then from K in the perpendi- 

_ cular KX account 3 parts,w3.at L,which fhall re- 
prefent the former 3 yards,and draw the line L À 
from L,in the faid perpendicular reckon the dia- 
meter of the leffer Globe of what magnitude it is 
intended to be: Suppofe S E, and draw the line 
S A, cutting the Ark OK, in N, then ftom K in 
the perpendicular account à yards, which admit 
at T, draw TA, cutting Y K in O, transfer the 
Ark MN, from À to P, and draw AP, which 
will cut the petpendicular in 0, fo a line drawn 
from the middle of WF, unto the vifual Lines © 
AT, and AU, fhall be the diameter of the next 
Globe: Laftly, Account from K in the perpendi- 
cular X K 22 parts, and draw the line W A, cut- 
ting Y Kin Q, then take the Ark MN, and trans- 
fer it from Q:t0 R, anddraw A R, which will 
cut the perpendicular in X, fo the line which paf- 
feth by the middle of X W perpendicular to the 
vifual line A W, and A Xbe the Diametér of the 
third Globe, to wit 5, 6, which meafures trans- 
ferred in the Pillar BC, which fheweth the trué 
magnitude of the Globes 1,2,3. From this an 
Archite@or doth proportion his Images, and the 
foldingsof the Robes which are moft deformed at 
the Eye below in the making, ‘yet moft pérfect 
When it isfet in his true height above the Eye. 
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242 Mathematical Recreation, 

PROBLEM CVI. 

How to difguife or disfigure au Image, as a Head, an 
Arm, a whole Body, &c. fo that zt bath no propor- 
tion the Ears to become long, the Nofe as that of 
4 Swan, the Mouth as aCoaches entrance,&c. yet 
the Eye placed at a certain point nall be feen in à 
direct and exact proportion. 

Will not firive to fet a Geometrical Figure 
here, for fear it may feem too difhcult to under- 

ftand ,but I willendeavour by difcourfe, how me- 
chanically with a Candle you may perceive it fen- 
fible: firft there muft be made a figure upon Pa- 
per, fuch as-you pleafe, according to his juft pro- 
portion, and paintitas a Picture (which Painters 
know well. enough to.do),atterwards put a Can- 
dle upon the Table, and interpofe this figure ob- 
liquely, between the faid Candle and the Books of 
Paper, where you defire to have:the figure difoui- 
fed in fuch fort that the height pafs: athwart. the 
hole of the Picture, then will it carry allthe form 
of the Picture upon the Paper,but with deformity; 
follow thete traéts;and mark out the light with:a 
coals black head. or Ink,and you have your defire. 

To find now the point wherethe eye muff fee 
it in his natural form: 1¢ is accuftomed accord- 
ing to the order of Per{pective,to place this point 
in the line drawn in height,equal to the largenefs 
of the narrowelt fide of the deformed {quare, and 
it 18 by this way that it is performed. 
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PROBLEM CVIE 

How a Cannon after thatit bath hot, may be covered 

from the battery of the Enemy. 

Et the mouth of a Cannon be 1, the Cannon 

M, his charge NO, the Wheel L, the Axle- 

ttee P B, upon which the Cannon is placed,. at 
which end towards B, is placed a Pillar 4.E; fup- 

' ported with Props, D, C,EsF.G, about which 
the Axletréetutneth: Now the Cannon being to 
fhoot,it retires to H, - ~ 7s A 
which cannot be di- 
rely;becaufeofthe | 
Axletreé, ‘but makes | 
a fegment of a circle, 
and hides hiinfelf be- 
hind the Wall QR, | 
and fo preferves it 
felf from the Ene- 
mies battery, by which means one maÿ avoid 
many inconveniences which: might arife : and 
moreover, one-man may more ealily replaceït a- 
gain for another fhot, by help of Poles tied to the 
Wall, or other help which may multiply the 
firength. 
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PROBLEM CVIII. 

Plow to make a Lever, by.which one man may alone 
place a Cannon upon bis Carriage, or raife what 
other weight he would. 

RY place two/thick boards upright, as the 
figure fheweth,pierced with holes, alike op- 

pofite one unto another, as CD and EF, and let 
Land M be the'two Bars of Iron; which pafs 
through the holes, GH and F K the)2 fupports, or 

bd NES props, AB the Can- 
non, OP. the Lever, 

> RSthetwo Notches 
in the Lever, and Q 
the Hook which the 
Burthen or Cannon 

, istied toe The reft 
EEE’ fy, lo » of the operation is 

RTS he facil,that the young 
eft Schallars or Learners cannot fail co perform 
it: to teach Minerva were in vain, and it were to 
Mathematicians injury in the fucceeding Ages. 
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PROBLEM CIX — 

How to make a Clock with one onely Wheel. 

Ake the body of an ordinary Dyal, and di- 

M vide the hour in the Circle into 12 parts 5 

make a great Wheel in height above the Axletree, 
to the which you fhall place the Cord of your 

counterpoize, fo that it may def{cend, that in 42 

hours of time your oe 
Index ox Needle may § 
make one ‘Real | 
tion, which may,be 
known bya Watch i 
which you may have Ps 
by you: then put a 
Ballance which may 
flop the courfeofthe -- A" | 
Wheel,and give it a regular motion, and you fhall 
fee an effect as juft from this, as from a Clock 
with many Wheels. 
a  nmnES Ed 

PROBLEM Cx. 

Ho» by help of two Wheels to make a Child to draw 
up alone a Hog(bead of Water at atime ; and be- 

ing drawn up, fhall cajt out it felf into another 

Veffel, as one would have it. 

Ft R be the Pit from whence Wateris to be 

‘drawn, P the Hook to throw out the 

Watcr whenit is brought up, (this Hook mult be 
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246 Mathematical Recreation, 
moveable} let 4 B be the Axis of the Wheel SF, 
which Wheel hath divers forks of Iron made at 
G, equally faftened-at the Wheel; let J be a Cord 
which is drawn by K, to make the Wheel S to 
turn; which Whee? '§ Bears proportion to the 
Wheel 7, as 8 to 2, let N bea Chain of Iren to 
which is tied the Veffel 0, and thé other which is 
in the Pit E Fis a piecé of Wood which hath a 
tmortes in r, and 2, by which the Cord J paffeth, 
tied atthe Wallas K H, and the other piece of 
Timber of the little Wheel, as C4, mortifed in 
likewife for the Chain to pafs through: Draw the 
Cord I, by K, and the Wheel will turn, and fo 
confequently the Wheel 7, which will caufe the 
TG LT, Vel O to raife ; 
er ELU | which béing empty, 
ror go draw the Cord again 

by T, and the other 
Veffel which is in the 
Pit will come out by 

ji. the fame reafon. This 
Cp fp + 8, an. Invention 
A D ogee WIC WIN fave da 

bourif praétifed ; but here is tobe noted that 
the Pit muft be large'enough, to thé end that it 
contain two great Veffels to pafs up and down 
one By another. AO 

PRO: 
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PROBLEM CxI. 

To make a Ladder of Cords which may be carried 
. in ones Pocket, by which one may eafily mount up 

a Wall or Tree alone. 

r-p Ake two Pullies, A and D, unto that of A let 
there be fafténed a Cramp of lronyas Band - 

at D let there be faftened a Staff of a foot and an 
half long, as F, then the Pully 4: place a hand 
of Iron, as E, to whichtiea cord of an half inch 
thick, (which may be of Silk becaufe it is for the 
pocket) then ftrive to make faft the Pully 4, by 
the help of the Cramp of Iron B, to the place that 
you intend to {cale ; and the Staff F being tied at 
the Pully D, put it between your legs as though 
you would fit uponit : then holding the cord C in 
your hand, you may ve 
guide your felf to the 
place required: wch , 
may be made more 
facil by the multi- 
plying of  Pullies. 
This fecret. is moft | 
excellentin War,and oar ob or Ha 
for Lovers ; its fup- CT eed 1 
portablenefs avoids 
{u{picion. 



D. 

amen er TP D sa D nt node à — 

CR eT = 

. ne 3 a (ats ea sig SR ng Ss tem ee eerie ep te Ra Ts - — 7 

D En ag Rss de: = 

En ro mm, LS 

ee tee gg = 

es 

D qui pement 4 

248 Mathematical Recreation: 

PROBLEM CXIL. 
How to make a Pump whofe ftrength 4 marvellous by reafon of the great weight of Water that it js able to bring up at once, and So by continuance. 
| ies «6 yd be the height of the cafe about 2 

or 3 foot high, and broader according to difcretion : thereft of the cafe or concavity let be O; let the Sucker of the Pump which is made bé 
jui for the cafe or Pump’s head; 6 ÿy d-and may 
be made Of Wood or Brafs of 4 inches thick, hat ving a holeat E, which défcending raifeth up the cover P, by which iffucth forth the water, and af cending or raifing up, it fhuts it or makes it clofe : 
fb shige Sh 8 RS the Handloor 

, » + the Sucker) ‘tied to 
| AY the handleT X, which 
Ny Works in the poft Y 

be) Z Let A,B,C,D; be 
| apiece of Brafs.G the 
| piece which enters 

into the hole to F, to 
reer keep ont the Air; H; 

4, K, L, the piece tied at the funriel or pipe: in 
which plays the Iron Rod or Axis G, fo that it 
pais through the other piece MN, which is tied 
with the end of the Pipe of Brafs. st IRS 
~ Note, That the lower end of the Ciftern ought 
tobe refted upon a Gridiron or Iron Grate,which 
may be tied in the Pit, by which means lifting up 
and putting down the handle, you may draw ten 
times more Water than otherwife you cold. 
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| PROBLEM CxIiII. 

| How by means of aCiftern to make Water of a Pit 
| continually to afcend without firength, or the affi-~ 

(lance of any other Pump. 

Et TL, be the Pit where one would caufe wa- 
i ter to afcend continually to each office of a 
» houfe, or the places which are feparated from it: 
) let there be made a Receiver, as A, well clofed up 
) with Lead or other matter, that Air enter notin, 
) to which faften a Pipe of Lead,as at E,which may 
à have vent at pleafure,then let there be made a €i- 
| ftern, as B, which may be communicative to A,by 
| help of the pipe G, from which Ciftern B, may if- 
fue the water of Pipe D,whichimay defcend to H, 
| which is a little be to Seo 
low the level of the : ab 

| water of the pit; as 
| much asis GH.tothe 
) end of which fhall be 
| foldered clofe a cock 
| which fhall caft out 
the water by K H. ay 
| Now to make ufe of =  ? > 
| itlet B be filled full of water,and when you would 
à have it run, turn the Cock, for then the water in B 
| will defcend by K, and for fear that there fhould 
| be vacuity, Nature which abhors it,will labour to 
| furnifh and fupply that emptinefs out of the 
| Spring F,and that the Pit dry not,the Pipe ought 
_ to be (mall, of an indifferent capacity, according 
| to the greatnefs or (mallnefs of the Spring. ec. P 
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rae 

PROBLEM CXIV. 

How out of a Fountain to caft the Water very high, 
different from a Problem formerly delivered. 

Et the Fountain be BD, of a round form, 
_(fecing it is the moft capable and moft per: 

fect figure) place into it two Pipes conjoyned, as 
EA, and HC, fo that no air may enter in at the 
placeof joyning: Jet each of the Pipes have a 

cock, G and J, the 
’ cock at G being clo- 
fed, open that at 7, 
and fo with a Squirt 

| force- the Water 
through the hole at 

4! _ cock at 4, and draw 
gwen À ~ out the Squirt, and 

will extend his dimenfions, and force the Water 
with fuch violence, that it will mount above the. 
height of one or two Pipes; and fo much thé 
more, by how much the Machine is great : this 
violence will laft but a little while, if the Pipe 
have too great an opening ; for as the Air ap- 
proacheth to his natural place, fo the force will 
diminifh. 

H, then clofe the, 

tG, the air being before rarifiedw 

PRO-. 

end oft 
g the Pip 
W Veflel 2 

A the Ve 
D will th 
dat 
| be fall 
I thePipe 
} tin at £ 

| accord . 
À ceale un 

| Et: 

4 

À 



gatbemnatical Recreation, 257 1 

| 

| PROBLEM CXV. 
a 

: 

D How toempty the Water of a Ciftern by a Pipe which 
N : fhallbave a motion of it Self. 

Hi) 9 Ee ABbe the Veffel, CDE the Pipes HG a 
little Veffel under the greater, in which one iy 

| end of the Pipe is, zz. C, and let the other end of iN 

| 

| 

int) the Pipe E, paffing through the bottom of the i 
lel Veffel at F, then as 4 i 
i, 0) the Veffel fillech, fo À 
{UM will the Pipe; and | i 
itil), when the Veffel fhall 
LM be full as far as PO, 
pc) the Pipe will begin to 
4 tun at E of his own 

quit} accord, and never | 
Wii ceafe until the Veffel } 
it) be wholly empty. | 
fe the Mi 

oi i ie 

on PROBLEM CXVI. @ 
il | How to fquirt or fout out a great height , fo that one ‘ft 

Pot of Water fhall laft along time. 

; i . Et there be prepared two veffels of Brafs, 
‘i L Lead,or of other matter of equal fubftance,as | 
Dp | are the two Veffels A B and BD, and let them be i 
4 ? ) joyned together by the two Pillars MNand EF 5 ji. 

| row the cover of the Veffel CD, and pafs through heh 
| AB into G, making a little bunch or rifing in the Tt 
| cover of the Veffel 4B , fo that the Pipe touch it ly, 

PUS not Ny 

| | 
. then let there be a Pipe HG, which may pafs thos ny 

/ 
Fe no MERC PL at 
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not at the bottom: then let there be foldered faf 
another Pipe IL, which may. be feparated from 
the bottom of the Veffel, and may have his bun- 
chy fwelling as the former, without touching the 
bottom : as is reprefented in L,& pafling through | 
the bottom of A B; may be continued unto I, that 

-, isto fay, to make an 
opening to the cover 
of the veffel AB, and 
Ict it have a little 
mouth asaTrumpet, 
to that end to receive 
the water:then there 
muft further be ad- 
ded a very {mall pipe 

which may pafsthrough the bottom of the Veffel 
AB, aslet it be.O P, and let there be a bunch or 
{welling over it, asat P, fo that it touch not alfo 
the bottom: let there be further made to this le{- 
fer Veffel an edge in form of a Bafin to receive the 
water, which being done, pour water into the 
Pipe IL, until the Veffel C D be full, then turn 
the whole Machine up-fide-down, that the Veffel 
€ D may beuppermoft, and A Bundermoft; fo 
by help of the Pipe G H, the water of the Veffel © 
CD will run intothe Veffel A B, to have paffage 
by the Pipe P.O. This motion is pleafant at a feaft 
in filling the faid Veffel with Wine, which will 
{pout it out, as:though it were from a boiling 
Fountain in the form of a Thread, very pleafant 
to behold. | 
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Me HR MR En 

ma PROBLEM CxVIL 

4 
5 

L! 

re ol Flow to pratli/e excellently the re-animation of Sim- 
mi Pees, ax cafethe Plants may not be tranfportcd to be 
ta Te planted by reafon of diftance of places. 

al | 

an] | Ake what Simple you pleafe, burnit, and 
Ove take the Athes of it, and let it be calcina- 
20) ted 2 hours between.2 Centers well luted; and 
a extract the Salt: that is, to put water into it in 
pet moving of it; then let it ‘fettle , and doit two or 
i M three times: afterwards evaporate it, that is, let 
that) the water be boiled in fome Veffel; untiti¢ He all 
eal | confumed : then there will remain a Salt at the 
pi | bottom, which you thall afterwards fow in good 
idl) ground well prepared,fuchas the Theatre of Hus= 
ton | bandry fheweth, and you fhall haveyour defires 
tallo i 

ile 
rt . PROBLEM CXvVIIL. 
to th 
fun 
i Ix § or 6 ounces of Mercury with his e ual 
M ie of Fupiter, grind it together te 

de d | ten or twelve ounces of Sublimate diffolved in a 
gi Cellar upon a Marble the {pace of four days; and 
HM Sseill betotie like OÙ: Olive, which da 
à wil | with fire of chaff; or driving fre, andit will 
jing) fublime dry fubftance, then put water upon the 
afi!) Earth Cin form of Lye) which will be at the 

| bottom of the Limbeck, and diffolve that which 
‘you can; filterit, then diftilit, and there will be 
à Luis very fubtil Atomes, which put into: 

a bot« 

How to make an infallible perpetual motion. 
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a bottle clofe ftopped, and keep it dry, and you 
fhall have your defire, with aftonifhment to all 
the World, and efpecially to thofe which have 

travelled herein without fruits 
mai 4 

PROBLEM CxIx. 

Of the admirable Invention of making the Philofo~ 
phers Tree, which one may fee with hi Eye 20 
grow by little and little. | 

Ake two ounces of Aqua-fortis, and diflolve 
À ~ init-half an ounce of fine Silver refined in 

a Cappel: then take an ounce of Aqua-fortis, and 
two drams of Quick-filver, which put init, and 
mix thefe two diffolved things together, then caft 
into it a Vialofhalf a pound of Water,whichmay 
be well fiopped ; for then every day you may fee 
it grow both in the Tree and in the branch. This 
Liquid fervestoblack hair which is red or white, 
without fading, untill they.fall: But hereis to be 
noted that great care ought to be had in anointing 
the hair, forfear of touching the fefh : for this 
compofitionis very corrofiveor fearching, that as 
{oon as it toucheth the flefh it raifech blitters and 
bladders very painful. 

PROBLEM CXX. 

How to make the repreféntation of the Great World. 

FN Raw Salt Nitre out of Salt Earth which is 
found along the Rivers fide, and at the foot 

of Mountains, where cfpéecially ere Minerals of 
Wi Ç Gold 
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gpatbematical Recteation, 255 
| Gold and Silver : mixthat Nitre.well cleanfed 

| with ¥, then calcinate it hermetically; then put 
| itin a Limbeck, and let the Rectiver be of Glafs 
_ well luted, and always in which let there be pla- 
| ced Leaves of Gold at the bottom, then put fire 
| under the Limbeck — | 
| until vapours arife | aes 

Ph | 
yi unto the Gold; aug- 

| ment your fire until 
_. f thereafcend no more 
ion then take away your 

| Receiver,and clofe it. 

which will cleave 

hermetically, and ~~ 
| make a Lamp fire under it,until you fee prefented 
‘init that which Nature affords us, as Flowers, 
| Trees, Fruits, Fountains, Sun,Moon,Stars,%&c. Be- 
hold here the form of the Limbeck, and the Re- 
ceiver : A reprefents the Limbeck, B ftands for 
| the Receiver. 

4 

PROBLEM CXXxIT. 

| How to make a Cone or Pyramidal Body move upon'a 
Lable,without fprings or other artificial means; fo 

| thatit fhallmove by the edge of the Table without 
| faling. 

T His Propofition is not fo thorny and fubtile 
LA asit feems to be, for putting under a Cone 
of Paper a Beetle or fuch-like Creature, you fhall 

have pleafure, with aftonifhment and admiration 
P to thofe which areignorant in the caufe: far this 

Animal 



256 Mathematical Recreation. 
Ry ATK, Animal will ftrive 

Ere SN. always to free her- 
r & AN felf from the capti- 

vity in which fhe is 
by the imprifon- 
ment of the Cone : 
for coming near the 
edge of the Table fhe 

se | will return to the 
other fide, for fear of falling: 

PROBLEM CXXxII. 

To cleave an Anvil with the blow of a Piftel. 

His is propér to a Warrier, and to perform 

it, let che Anvil be heated red hot as one 
can poffible;in fuch fort that all the folidity of the 
body be foftened by the fire: then charge the Pi- 
ftol with a Bullet of Silver, and fo have you in-" 

: fallibly the Experiment. | 

PROBLEM Cxxlit. 
How to roft a Capon carried in a Budget at a Saddle 

Bow, iu the fpace of riding 5 or 6 miles. 

He made it ready and lardedit, ftuff it 
with Butter, then heat a piece of Steel, 7 

which may be formed round according to the” 
length of the Capon, and big enough to fill the 
Belly of.ir, and then fiop it with Butter; them 
wrap it up well, and inclofe it in a Box in the! 
Budget, and you fhall have your defire : ” se 

ai 
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feat to 

Come | 

niphr, 
What it 



Mathematical Recreations 257 
Count Mansfield fexved himfelf with no others,but 

fuch as were thus made ready, for that it lofeth 

none of its fubftance,and itis dreffed very equally. 

PROBLEM CXxIV. 
How to make a Candle burn and continue three times 

as long as otberwife it would. 

r + Nto the end of a Candle half burned ftick a 

farthing, lefs or more, to make it hang pet- 
pendicular in a Veffel of water, fo that it {wim a+ 

bove the water ; then light it,and it will fuftain it 

felf, and float in this manner, and being placed in- 
to a Fountain,Pond, 
or Lake that runs 
flowly, where many  -< | 
people affemble, it L=ÈÈE 
willcaufean extreme | 5 
fear to thofe which © 
come therein in the 
night, knowing not 
what it is. 

( Ws Qt 
h 

PROBLEM CxxV. 

How out of a quantity of Wine to extract that which # 
moft windy and evil thas it burt not a fick Perfon: 

Ake 2 vials in fram, 
“B fuch fort that | 
they be of like great- :: 
nefs both in the belly 
and the neck, fill one 
of them of wine,and | 
the other of water : 
et the mouth of 
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258  atbematical Recreation. 
that which hath the water be placed. into.the 
mouth of that which hath the wine, fo the water 
fhall be uppermoft: now becaufe the water is hea- 
Vier than the wine, it will defcend into the cther 
Vial ; and the wine whichis loweft, becaufe it is 
lighteft will afcend above, to fupply the place.of 
the water,& fo there will be a mutual interchange 
of liquids, and by this penetration the wine will 
lofe her vapors in pafling through the water. 

PROBLEM CxxVI. 

Flow to make two Marmouzets, one of which hall light 
a Caudle, and the other put it ont. 

U Pon the fide of a Wall make.the figure of a 
Marmouzet; or other Animal or torm,and 

right againitit on the other wall make another 3 in 
the mouth of each put a pipe or quill fo artificial- 
ly that it be not perceived ; in one of which place 
Salt-peter very fine, and dry, and pulvexifed and 
at the end fera little match of paper, in the other 
place Sulphur beaten (mall, then holding acandle 
lighted in your hand, [ay to one of thefe Images by 
way of command, Blow out the Candles then light- 
ing the paper with the candle, the.Salt-péter, will 
blow out the candle immediately ; and going to 
the other Image (before the match of the candle 
be out) touch the Sulphur with it, and fay, Light 
the Candle, and it will immediately be lighted ; 
which will caufe an admiration to thofe which 
fee the action, if it be well done, with a fecret 
dexterity. > | 
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| 1: PROBLEM, CXXVIR | 
How to keep Wine frefh asif it merein a Cellar,in the 

heat of Summer, and without Ice, or Snow, yea 
though it were carried at a Saddle- bow; ands ex~ 

pofed to the Sun all the day. 19108 

GE your winé in a vial of Glafs, and place itin a 
) Box made of wood, leather, or fuch like,about 
which vial place Salt-peter, and it will preferve it 
and keep it very frefh : this experiment is not a lit- 
tle commodious for thofe which are not near frefh 
waters,& whofe dwellings are expoféd to the Sun. 

PROBLEM - CxXxVIIl. 
To make a Cement which lafteth as Marble, & rofiteth 

air & water, without dif-joyning or uncementing. 

Ake a quantity of ftrong and gluing Morter 
_ well beaten, mix with this as much new-fla- 

Ked lime,& on it caft Oil-Olive,or Liafeed-Oil,and 
it will behard as Marble,being applied in time. + 

PROBLEM Cxxix. 
How to melt Metal very quickly, yea in a S hell #apon j 

little Fires 

M Ake a bed upon a bed of Metal with pouder 
of Sulphur,of Salt-peter,& Saw-duft alike; 

then put fire tothe faid pouder with a burnin 
Charcoal,and you fhall fee that the metal will dif- 
folve incontinent, and be in a mafs. This fecret is, 
moft excellent, & hath been practifed by the reve- 
gend Fathét Merzenno of the Order of the Minimse 

| ST PRO- 
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PROBLEM Cxxx: 
Flow to make Iron or Steel exceeding hard. 
Uench your Blade or other Inftrument {ven 

©! times in the blood of a male hog mixt with 
Goofe-greafe,and at each time dry it at che fire be- 
ore you wet it,and it will become exceeding hard 
and not brittle,which is not ordinary according to 

Other temperings and quenchings of Iron : an ex- 
Periment of {mall coft,often proved, and of great 
confequence for Armory,& warlike Negotiations 

PROBLEM CXXXL | 
To preferve Fire as long as you will, imitating the in- 

extinguifbable Fire of Veftals. 
A Fter you have extraGted the burning fpirit of 

theSalt of y, by the degrees of fire,as is re- 
quired according to the Art of Chymifiry, the fire 
being kindled of it felf, break the Limbeck, & the 
{rons which are found at the bottom will flame & 
appear as burning coals,as {oon as they feel the air; 
which if you promptly inclofe in a vial of Glals, 8: 
that you ftop it exa@ly with fome good Jute; or 
to be more affured, it may be clofed up with Her- 
wes. Wax, for fear the air get in. Then will it Keep 
more than 1000 years (as aman may fay) yea at the bottom of the Sea; and Opening it at the end 
of the time, asfoon as it feels the air it takes fire, 
with which you may light a Match. This Secret 
merits to be travelled after, and put in practice, 
for that it is notcommon, & full of aftonifhment, 
feing all kind of fire lafteth but as long as his 
matter lafteth,and there is no matter to be found that will fo long indure, Arti- 

~ 
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SSSPASAASASDAS 825808008888 
e Artificial Five-Works : 

Or the manner of making 

ROCKETS and BALLS of FIRE, 

As well for the Water as the Air... 

With the Compofition of Stars, Golden-Rain, 

Serpents, Lances, Wheels of Fire, and fuch- 

like, Pleafant and Recreative. 

Of the Compofition for Rockets. 

Some N the making of Rockets, the 
ESS CAPA chicfeft thing tobe regarded is 

| the compofition that they ought 
À mene Ro to be filled with; forafmuch as 

| ANS) that which is proper to Rockets 
——— whichareof a lefs fort, is very 

improper to: thofe which are of a more greater 
form ; for the fire being lighted in a great con- 
cave, which is filled with a quick Compofition, 

i} 

burns with great violence; contrarily, a weak? 
compofition being in a fmall.concave, makes no 
effeét. . Therefore we fhall here deliver in ‘the 
firft place Rules and Directions which may ferve 
for the true compofition or matter-with which 
you may charge any Rocket, from Rockets which 

S 3 are 

a. 
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262 Artificial Fire-TUorks. 
are charged but with one ounce of Powder, unto great Rockets which require for their chargero =} It pound of Powder, as‘followeth: } cso 

| For Rockets of one ounce. 
Unto each pound. of good - Musket Powder 

{mall beaten, put two ounces of Small-coal-duft, 
and with this compofition charge the Rocket. 

For Rockets of 2 or 3 ounces. 
Unto every four ounces and a half of Powder: Un duft, add an ounce of Salt-peter,: or to every FC four ounces of Powder-duft, adde an ounce of 

Coal-duft. eur, 
For Rockets of 4 ounces. 

Unto every pound of Powder-duft, add four ounces of Salt-peter, and one ounce of Coal- 
duft : but to have it more flow, unto every ten ounces of good powder-duft, add 3 ounces of : 
Salt-peter,..and 3.ounces of Coal:duft | Her 

For Rockets of § or 6 ounces. nok 
Unto every pound of Powder-duft add three | fre y 

onbces and an half of Salt-peter, and two ounces pret andian half of Coal-duft, as allo an ounce of amor 
Sulphur, and an ounce of File.duft. - | 

For Rockets of 7 or 8 ounces. Of 
Unto every pound of Powder-duft add 4 oun- 

ces;of Salt-peter, and:3 ounces of Sulphur. 0 
Of Rockets of 10 or-12 ounces. = | Unto the precedent compofition add halfan Roll 

ounce of Sulphur, and-it will be fuficent. fen h 
For Rockets of 14 or 15 ounces. Dy 

Unto every pound of Powder-duft add four ER 
ounces of :Salt-peter, or Coal-duft 24 Ounces, of Louk Sulphur and File-duft 13 of an ounce, Ç kon 

For : 



artintial Five-CAorks, 263 
For Rockets of x pound. 

Unto every. pound of Powder-duft add 3 oun- 

ces of Coal-duft, and 1 ounce of Sulphur, 
For Rockets of 2 pound. 

Unto every pound of Powder-duft add 94 

ounces of Salt-peter, of Coal-duft 24 ounces, of 

File-duft 14 ounce, and of Sulphur + of an ounce. 

For Rockets of 3 pound: 

Unto every potind of Salt-peter add 6 ounces 

of Coal-duft, and of Sulphur 4 ounces. 

For Rockets of 4, 5, 6, or 7 pound | 

Unto every pound of Salt-peter add 5 ounces 

of Cole-duft, and 24 ounces of Sulphur. 

For Rockets of 8, 9, or, 10 pound. 

Unto every pound of Salt-peter add 53 ounces 

of Coal-duft, and of Sulphur 2; ounces, 

Herenote, That in all great Rockets there is 

no Powder put, becaufe of the greatnefs of the 

fire which is lighted at once, which caufeth too 

great a violence,therefore ought to be filled with 

a more weak compofition. 

Of the making of Rockets, andother Fire-workss 

Or the making of Rockets of fundry kinds, 

divers moulds are to be made, with their 

_ Roiling-pins, Breaths, Chargers, de) as may be 

{een here in the figure. And having rolled a Cafe 

of. Paper upon the Rolling-pin for your mould, 

fill. it with the compofition belonging to that 

mould, as before.is delivered : now may you load 

it on the top withSerpents, Reports, Stars, or 
SE: Golden 
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264 Attificial sFive-Ctlogke, 
Golden Rain: The Serpents-are made about the bignefs of ones little finger, by rolling a little pa- per upon a {mall Stick, and then tying one end of it, and filling it with the mixt compofition fomewhat clofe, and then tying the other’end. | The Reports are made in their Paper-Cafes,asthe | Serpents, but the Paper fomewhat thicker tO give the greater report,  Thefeare filled with grain- 

Powder, or half-Powder and half Compofition, 
and tying both ends clofe, they are finithed. The 
beft kind of Stars are made with: this mixture 
following; unto every 4 ounces of Salt-peter add 
2 ounces of Sulphur, and to'it put one ounce of 
Powder-duft, and of this compolition make your 
Stars, by patting a little of it within’a {mall quan- 
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| . 6 artincial Five-WWonks, 265 
it: | gity of Towes and then tying it up in the form 
ee | of a Ball as great as an Hafcl-Nut or a little Wal- 
tad | ‘Nut, through which there muft be drawn a lit- 
lion} ¢lé Primerto make it take fire. Touching the ma- 

king of the Golden-Rain , that is nothing but 
filling of Quills with the compofiticn of your 
Rockets fomewhat hard, Now if the head-of a 

ee — —— 

ste. 

| 

É 
he 1 

4 

Rocket be loaded with a thoufand of thofe Quills, 
its a goodly fight to fee how pleafantly they 
{pread themfelves inthe Air, and come down 
like ftreams of Gold much like the falling down 
of So being agitated by fome turbulent 
Wind. 
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266: Artificial Five-Gorks, 

Of Recreative FIR ES. 

2177) Hiloftrates {aith, That if Wine ina Plat- 
ter be placed upon a Rectiver of burning 

Goals, to exhale the {pirit of it, and be inclofed 
within a Cupboard or fuch-like place, fo that the 
Air may not go in nor out, and fo being fhut up 
for 30 years, he that fhall open it, having a Wax 
Candle lighted, and fhall put it into the Cup- 
board, there.will appear unto him the figure of 
many clear Stars. 

2. If Agua-vite have Camphire diffolved init, 
and be evaporated in a clofe Chamber, where there 
is but a Charcoal fire, the firft that enters into the 
Chamber with a Candle lighted, will be extream- 
ly aftonifhed, for all the Chamber will feem to be 
full of Fire very fubtile, but it will be of little 
continuance. | 

3. Candles which are deceitful are. made of 
half Powder, covered over with Tallow, and 
the other half is made of clean Tallow or Wax, 
with an ordinary Week this Candle being ligh- 
ted) and the upper half confumédy: the Powdér 
will take fire, ‘not without great noïfé and afto- 
nifhiment to thofe which are ignorant of the 
caufe.- ï 

4. A dozen or twenty {mall Serpents: placéd 
fecretly under a Candleftick that is indifferent 
big, which may have a hole pafs through the So- 
cket of it to the Candle, through which a piece” 
of Primer may be placed, and fetting, a {mall 
Candle in the Socket to burn according to a time 
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Artificial Fite-TUOrkS. 267 
limited; which Candleftick may be fet on a fide- 
Table without fufpition to any ; then when the 
Candle is burned, that it fires the Primer,that im- 

à | . mediatély will fire all the Serpents, which over- 

throwing the Candleftick will fly here and there, 
_ intermixing themfelves, fometimes in the Air, 
fometimes in the Planching , one amongft ano- 
ther, like the crawling of Serpents, continuing 
fora pretty while in this pofture, and in extin- 

M guifhing every one will give his Report like a Pi- 
D ol: This willnot alittle aftonifhfome, think- 
| ing the houfe will be fired, though the whole 
| powder together makes not an ounce, and hath 

no ftrength to do fuch an effect. 

| How to make Firerun up and down, forward and 
backward. 

Ake {mall Rockets, and place the tail of one 
to the head of the other upona Cord, ac- 

cording to your fancy, as admit the Cord tobe 
| A, B,C,D,E, F,G 3 give fireto the Rocket at 4, 

which will fly to B, which will come back again 
to A, and fire another at C,, that will fie at D, 
which will fixe another there, and fly to E: and 
that to F, and{o from F to G, and, atG maybe 
placed a pot of Fire, viz. GH, which, fired. will 
make good fport, becaufe the Serpents which are 
in it will varioufly. intermix themfelves inthe air 
and upon the ground, and every one will extin. 

_ guifh with a report: and here.may you note that 
upon the Rockets.may be placed Fiery Dragons, 

Com- 
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268  Avtificial Five-Works, 
Combatants , or fuch-like, to meet one ano- . 
ther, having Lights placed in the Concavity of 
their Bodies, which will give great grace to the 
Action. 

How to make Wheels of Fire. 

oy aks a Hoop; and place two Laths acrofs one’ 
: the other; upon the croffing of which make 

a hole, fo that it may be placed upon a pin to turm 
_ Cafily, as the figtire Q fheweth , upon the fides 
of which Hoop or round Circle place your Rock- 
ets, to which you may place Lances of Fire be= 
tween each Rocket : let this Wheel be placed up- 
on a Standard, as is here reprefented, and place a. 
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Artificial Five-Clorks. 269 
piece of Primer from one Lance to another, then 
give fire at G, which will fire F, that E, that will 
fire D, that C, and that will fire the Rocket at 43 
then immediately the Wheel will begin to move, 

ny 

and reprefent unto the Spectators a Circle of 
changable Fire, and if Pots of Fire be tied toit, 
you will have fine {port in the turning of the 
Wheel, and cafting out of the Serpents. 

Of Night-Combatants. 

N Lubs, Targets, Faulchons, and Maces, char- 
ged with feveral Fires,do make your Night- 

‘Combatants, or are ufed to make place amongti 
a throng of People. The Clubs at the Ends are 
made like a round Pannier with {mall fticks filled 
with little Rockets in a {piral form, glued and fo 
placed that they fire but oneatteranother. The 
Maces are of divers fafhions, fome made oblong 
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270 Artificial Fire-Ccorks, 
at the end : fome made of a fpiral form, but al] 
made hollow, to put in feveral compofitions, and 
are boared in divers places, which are for {un- 
dry Rockets and Lances of weak compofition to 
be fired at pleafure. The Faulchons are made of 
wood in a bowing form, like the figure 4,having 
their backs large to receive many Rockets, the 
head of one near the neck of another, glued and 
faftend well together, fo that one being {pent, 
another may be fired. The Targets are made of. 
wocden thin boards, which are channeled in {pi- 
tal Lines to contain Primer to fire the 
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autifisial Five-Corks, 27% 
men, theone having a Target in hishand,and the 

|. other a Faulchon or Mace of Fire, fhall begin to 
hight, it will appear very pleafant to the Spe&a- 
tors: for by the motion of hghting, the place will 
feem tobe full of ftreams of Fire: and theremay 
be adjoyned to each Target.a Sun or a burnin 
Comet with Lances of fire,which will make them 
more:beautiful and refplendent in that aGtion. 

Of ftanding Fires. 

Uch as are ufed for Recreation, are Colloffus, 
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modated with Rockets of Fire, and beautified 
with fundry other artincial Fires, as Pots of-Fire 
for the Air, which may caft forth feveral figures, 
Scutchions,Rockets of divers forts,Stars,Crowns, 
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272 Artificial fite-UUoike, 
Letters, and fuch-like, the borders of which may: 

be armed with fundry Lances of Fire, of {mall fly=' 
ing Rockets, with reports, flames, of (mall Birds 
of Cypres, Lanthorns of Fire, Candles of divets 
ufes, and coloursin burning, and whatfoever the 
fancy of an ingenioushead may allude unto: 

Of Pots of Fire for the Air, which are thrown eût of 
one Cafe one after another, of a long continuance. : 

N ‘A Akea long Trunk, as 4 G, and by the fide 
& 4H, let there be a Channel which may be 

fiered with flow primer or compofition ; then 
[es having charged the 

Trunk 4 G,with the 
Pots of Fire for the 
Air, atIGEC, and 
make the Trunk AG 
Very faft unto a poft, 
as IK, give fire at the 
top, asat 4, which 
urning downwards 

will give fire to C, & 
fo throw out that 
Pot in the Air, which 
being fpent, in the 
mean time the fire 
will burn from B to 

throw it out alfo in- 
to the Air, and fo all thé reft one after another will 
be thrown out: and if the Pots of Fire for the Air 
which are caft out,be filled with diversFire-works 

they 
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each 
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they will be fo much the more pleafant to the Be- 
holders. $Thefe Trunks of Fire do greatly adora 
a Fire-work, and may conveniently be placed at 
each Angle of’ the whole Work. 

Of Pots of Fire for the Ground. 

NM Pots of Fire being fired together, do 
. Ÿ & give a fine reprefentation and recreation to 

the Spectators, and 
caufe a wonderful 
fhout amongft the 
common people wch 
are ftanders by; for 
thofe Pots being fil- 
led with Balls ot Fire 
and flying Serpents » {sem Nemes 
for the Air,they will =~ | 
{o intermix one within another,in fiying here and 
there a little above the ground, and giving fuch a 
volley of reports that the Air will rebound with 
their Noife, and the whole place be filled with 
fundry ftreams of pleafant fre, which Serpents 
will much occupy thofe about the place to defend 
themfelves in their upper parts, when they will 
no lefs be bufied by the Balls of Fire which feem 
to annoy their Feet. . 

Of Balis of ‘Fires 

Hefe are very various, according to a mang 
T fancy ; fome of which are made with very 
{mall Rockets, the head of one tied to the neck of 

| T another ; 
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274 artificial Fire-Corks, 
another: The Ball being made, may be covered 
over with Pitch, except the hole to give fire to 
it; this Ball will make fine fport amongft the 
fianders by, which will take all a fire, and roll 
fometimes this way,fometimes that way,between 
the legs of thofe that are ftanders by, if they take 
not heed, for the motion will be very irregular} 
mr AZ and in the motion 

NN will caft forth feve- 
|. talfires with reports. 
| In the fecond kind 

’ there may be a Chan- 
nel of Iron placed in 
divers places in fpi- 
ral manner, againft 

| = which may be placed 
as many {mall Petards of Paper as poffible may be, 
the Channel muft be full of flow compofition,and 
tay be covered as the former, and made fit with 
his Rockets in the middle: This Ball may be thot 
out of a-Mortar-Piece, or charged on the top of 
a Rocket : for in its motion it will fly here and 
there, and give many reportsin the Air, becaufe 
of the difcharge of the Petards. 

Of Fire upon the Water. 

7} Laces which are fituated upon Rivers or great 
Ponds, are proper to make Recreative Fires 

on: and if it be required to make fome of confe- 
quence, fuch may conveniently be made upon 
two Boats, upon which may be built two Beafts, 
Turrets, Pageants, Caftles, or fuch-like, to re- 

ceive 

PR 



Artificial Five-Works; 275 
ceive or hold the diverfity of Fire-Works that 
thay be made within it, in which may play divers 
Fires, Petards, ¢c. and caft out many fimple Gra- 
nadoes, Balls of Fire to burnin the Water, Ser- 
pents, and other things ; and often times thefe 
Boats in their incounters may hang one in ano- 
ther, that fo the Combatants with the Targets 
and Maces may fight; which will give great con- 
tent to the Eyes of thofe which are Lookers on, 
and in the ¢onclufinn fire one another, (for which 

= 

upon the Waters 

Q Riscs may be made in form of a Ball ftuffed 
with other little Balls, glued round about, 

and filled with compofition for the Water, which 
T2 fired 
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276 = Av tificial sFive-Cdl orks. 
fiered will produce marvellous and admirable ef- 

fects, for which there muft be had little Cannons 

of white Iron, as the ends of {mall funnels ; thefe 

Jon Cannons may be pierced in fund+y places, to 

which holes, may be fét {mall Balls full of com- 

pofition, for the Water; which: fmall Balls mutt 

be pierced deep and large,and covered with Pi:ch 

except the hole: in which hole muft be firft pla- 

| ed a little quantity 
of grain-powder,and 
the reft of the hole 
filled up with com 
pofitions and note 
further, that thefe 
Iron Cannons mutt 
be filled with a flow 

7 === compofition , but 

fuch which is proper to burn in the Water : then 

Balls, and all covered over with Pitth and Tal- 

low; afterwards pierce this Ball againft the grea- 

teft Cannon (to which all the leffer fhould anfwer) 

unto the compolition, then fire tt, and when it be- 

gins to blow, throw it into the Water, fo the fire 

coming to the holes will fire the grain-Powder, 

the which will caufe the Balls to feparate, and fly 

here andthere, fometimes two at a time, fome- 

times three, fometime more, which will burn 

wirhin the Water, with great aftonifhment and 

content to thofe which fee tt. 

Of 
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Of Lances of Fire. 

Grancine Lances of Fire are made commonly 

with hollow wood to contain pie Pe- 

tards or Rockets, as the figure here fheweth, by 
which it is eafie toinvent others, according to 
ones fancy. Thefe Lances havé'wooden handles 
that fo they may be faftened at fome Pot, fo that 
they be not overthrown in the flying out of the 
Rockets or Petards: There are leffer forts of Lan- 

ces whofe cafes are of three or four foldings of Pa- 

per of a foot long, and about the bignefs of ones 
finger, whichare filled with a compofition tor 
Lances. But if thefe Lances be filled with a com- 

pofition, then (unto every 4 ounces of powder 

add 2 ounces of Salt-peter, and unto that add r 
ww 4, Ounce of Sulphur) it 07 

A NY) ‘W ) 

AE ©) willmake aBrick fire 
Er (ll ic Î i red. before it be half 

eS € ull | ay | | {pent, if the Lance be 

BY à | | HN if. ficred and held toit : 

i 1 | SE be pi and if 20 fuch Lan- 

a D CT | ces were placed a- 
ge ce ess ee, bout a great Rocket, 
AS ANT a>" and fhotto a Houfe 

ox Ship, it would produce a mifchievous effect. 

How to fhoot a Rocket Horizontal, or otherwife. 

U Ntothe end of the Rocket place an Arrow 

which may not be too heavy, but inftead of 

the feathers let that be: of thin white Tin plate, 
T 3 and 

ne RE 
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278 artical FicestRhonks, 
and place it upon a 
reft, as here you may 
fee ‘by the Figure, 
then give fire unto 
It, and you may {ee 
how ferviceable it | 
may be. To the head À 
ef fuch Rockets may 
be placed Petards, 

: Balls of Fire, Granadoes, &c. and fo may be ap- 
plied to War-like affairs. 

How a Rocket burning in the Water for a certain 
time, at laft fall fly up in the Air with an exceed~ D © 
2H£ quickefss st 

O do this, take two Rockets, the one: equal BS 
to the other, and joyn them one unto ano- |, mu 

ther in the middle at C, in fuch fort that the fire im 
may: eafily pafs from one to another; it being | ph 
thus done, tiethe two Rockets at aStickinD,and - Pot 
leti it os We long: and pret, that it may make the and 

es Rocketsin the water | ite 
é hang, or lie upright, RE 
| then take a‘ pack- clon 

thread, and tie it at Box 
G, and let it come Bp 
double about’ the LL dr: 
ftick DMat Hand at NO on 
that point hang a | x 
Bullet’ of : fome FF Ay 

weight,as K,for then piving fire at:4,it will burn mal 
to B; by a fmall cone filled there, and tied at der 

the 
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artificial Fire-THoks. 279 
the end, and covered fo that the Water injure if 
not,which will fire the Rocket B D,and fo moun- 
ting quick out of the Water by the loofe tying at 
C,and the Bullet ac the pack-thread will leave the 
other Rocket in the Water, and foatcend like a 
Rocket in the Air, to the admiration of {uch as 

know not the fecrecy. 

Of the framing of the Parts of a Fire- Work together, 
that the feveral Works may fire ene after another. 

Aufe a Frame to be made.as A B C D, of two 
foot {quare every way, or thereabouts, (ac- 

cording tothe quantity of your feveral works) 
then may you at each angle have a great Lance of 
Fire to ftand, which may caft out Pots of Fire, as 
they confume: Upon the ledges AB,BC,and CD, 
may be placed {mall Lances of Fire, about the 
number of 30: or 60, fome fide-wife, and others 
upright; between thefe Lances may be placed 
Pots of Fire floping outwards, but made very faft, 
and covered very clofe, that they chance not to 
fire before they fhoulds then upon the ledges: 
RE, FG, HI, and AD, may be placed your Sou- 
cifons, and behind all the Work may be fet your 
Boxes of Rockets, in each of which you may 
place 6, 9, 12, or 20 {mall Rockets: Now give 
fire at 4, (by help of a piece of Primer going from 
one Lance to another) all the Lances will inftant- 

: Jy at once be lighted, and as foon as the Lance at 
_ A is confumed, it will fire the Chanmel which is 
made in theledge of the frame, which rns un- 
dex the Pots of Fire, and as the Fire goes along 

Ee burns 
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burning;the Pots will be caft forth,and fo the rank of Pots upon the fides of the frame AB, BC, and CD, being fpent,the Soucifons will begin to play, being tiered alfo by a Channel which runs under them, upon the ledges AD,HI,FGand RE, then 
when the Soucifons are {pent upon the laft ledge, KE,there may be a fecret channel in the ledge CD, which may tire the Box of Rockets at K, & may fre all the reft one after another ; which Boxes may be all charged with feveral Fire-works: for the Rockets of the firft Box may be loaden with erpents,the fecond with Stars,the third with Res Ports, the fourth with Golden-Rain, and the fifth with {mall flying Serpents; thefe mounting one 
after another,and flying to and fro, will much in- 
lighten the Aix in their afcending ; but when thefe Rockets difcharge themfelves above, then 
will there be a mott pleafant reprefentation : for 
thefe Fires will dilate themfelves in divers beauti- 
ful forms,fome like the branching of Trees, others 
like Fountains of Water gliding in the Air, others 
like flafhes of Lightning, others like the glitter- 
ing of Stars, giving great contentment and de- 
light to thofe which behold them: But if the 
work be furnifhed alfo with Balons, ( which 
is the chiefeft in recreative Fire-works) then thall 
you fee afcending in the air but as it: were only a 
quill of Fire,but once the Balon taking fire,the Air 
will feem more than 100 foot {quareé full of craw- 
Jing and flying Serpents, which will extinguith 
with a volley of more than 500 reports, and fo 
fill the Ais and Firmament with their rebounding 
clamour. | 

The 
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282 Artificial Fite-TUorks. 
The making of which with many other rare 

and excellent Fire-Works, and other pra@ifes, 
not onely for Recreation, but alfo for Service ; 
you may find in a Book intituled Artificial Fire- | 
@aiozks, made by Mr. Malthas (a Mafter of his 
Knowledge) and areto be fold by Wiliam Leak, | 
and Fobn Leak, at the Crown in Fleetftreet, be- 
tween the Two Temple-Gates. 

cmp 

_conclufion: 

N this Book we have omitted nothing that was 
material in the Original, but bave abundantly \ 

augmented it in fundry Experiments. And though 
the Examinations are not fo full and manifold, yet 

q f La nt 

but 

Af 

Whicl 

(by way of Brevity) we have expreffed fully their) 

Subftance, to avoid Prolixity, and fo pajt by things 
reiterated. 
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. | DESCRIPTION and USE 

"i OF THE 

Double Horizontal 

mY AL. 
| WHEREBY, | 

Not onely the Hour of the Day is fhewn, 
| but alfo the Aeridian Line is found. 

| And moft 

iy Aftronomical Queftions 
re Which may be done by the GLOBE; 

Are Refolved. ; fe 

tig 
Whereunto is Added, 

A The Defcription of the General 

- Horological Ring. ES 

| Antenten and cuitéen by W. W.O. 

LONDON: 

Printed for William Leak and Fobn Leak,at the Crown in 
| Fleerffréer, between the Two Temple-Gates, 1674. 
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| THE 

Descriptronand UsE 
OFTHE 

Double Horizontal Dyal, 

oe 
. 

Here are upon the Plate 
two feveral Dyals. That 
which is outermoft, is 
an ordinary Dyal, divi- 
ded into hours and 
quarters, and every 

NA quarter into three parts, 
8) which are five minutes 

apiece : fo that the 
| whole hour is under- 
| food to contain 60 minutes. And for this Dyal 
the fiadow of the upper oblique or flanting edge 
of the Style or Cock doth ferve. 
| Theother Dyal which is within, is, The Proje- 

| Gion of the Upper Hemifpbere upon the Plain of she 

“Horizon: The Horizon it felt is underftood to be 
| the innermoft circle of the Limb, and is divided 

- on both fides from the points of Eaft and Weft in- 
H 

to 
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4 The Delcriptionand Ale of the 
to degrees noted with 10, 20, 30, @e. as far as 
neéd requireth: And the centre of the Inftruiment 
is the Zenith or Vertical point. 

Within the Horizon, the middle ftraight Line 
pointing North and South, upon which the Style 
ftandeth,is the Meridian or T welve a Clock Line 3 
and the other fhort arching Lines on both fides of 
it, are the Hour~Lizes, diftinguifhed accordingly 
by their figures; andare divided into quarters by 
the {maller Lines drawn between them, every 
quarter containing 15 minutes. 

Thé two Arches which crofs the Hour-Lines, 7 
meeting on both fides in the points of interfection 
of the Six a Clock Lines with the Horizon, are 
the two Semicixcles of che Ecliptich, or annual 
circle of the Sun: the upper of which Arches 
{erveth for the Summer half-year, and the lower 
for the Winter half-year, and therefore divided 
into 365 days, which are alfo diftinguifhed into 
twelve months, with longér Lines, having their 
names {et down: and into tenths and fifths with 
fhorter Lines; and the-reft of the days with 
pricks, as may plainly be feen in the Dial. 

And this is forthe ready finding out of the 
place of the Sun every day : and alfo tor the fhew- 
ing, of the Suns yearly Motion, becaufe by this 
motion the Sun goeth round about the Heavens 
in the compafsof a year, making the four parts 
or. feafons thereof, namely, the Spring in that 
quarter of the Ecliprick which begins at the intex- 
fe&ion on the Eañ fide of the Dyal, and is there- 
fore called, The Vernal Interfe&tion. Then the Sum- 
mer in'that quarter of the Ecliptich which begins 
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- Double Horizontal Dyal, 3 
| at the interfection with the Meridien in the high- 
_ eft point next the Zenith. After thar, Autumn in 
| that quarter of the Ecliptick which beginneth at 
| the interfection on the Weft-fide of the Dyal,and. 
| 1s therefore called, The Autumnal Interfeétion. And 
laftly, the Winter in that quarter of the Echiptick 
| which beginneth at the interfeGion with the Me- 
| ridian in the loweft point next the Horizon. 
| _ But befides this Yearly  Afotion, the Sun hatha 
| Diurnal ox Daily Motion, whereby it maketh day 
band night, with all che diverfities and inequali- 

nb ties thereof: which is expreffed by thofé other 
in} Circles drawn crofs the Hour-lines; the mid- 

| dlemoft whereof, being groffer than the reft, 
| meeting with the Ecliptichin the points of the 

SQ Vernal and Antumnal Interfedtions, is the Equino- 
| Gials and the refton both fides of it are called the 
| Parallels, or Diurnal Arch of the Sun, the two 
| Outermoft whereof are the Tropicks, becaufe in 

it them the Sun hath his furthett Digreffion or Decli- 
| aation from thé Equinoéfial, which is degrees 
| 237, and thence beginneth again to return to- 
| wards the Equinodfial. The upper of the two 

| Tropicks inthis our Northern Hemifphere, is the 
+B Tropick of Cancer, and thie Sun being in it is high- 
sp eft into the North, making the longeft day of 

| Sammer : And the lower next the Horizon is the 
pats Tropick of Capricorn; and the Sun being init, is 
tute Loweft into the Somth, making the fhorteft day of 
‘wee Winter. 

| _ Between the two Tropicks and the Equinoëiial, 
Linfinite fuch Parallel Circles are underftood to be 

ss CONtained : for the Sunin what point foever of 
1 the 



4 The Defcrintion and afc of the 
the Ecliptick it is carried, defcribeth by his Station 
a Circle parallel to the Equinodtial ; yet thofe Pa- 
xallels which are in the Inftrument,though drawn 
but to every fecond dégree of Declination, may be 
fufficient to direct the Eye in imagining and tra- 
cing out through every day of the whole year in 
the Ecliptick a proper Circle which may be the 
Diurnal Arch of the Sun for-that Day : For upon 
the right eftimation of that imaginary Parallel 
doth the manifold Ufe of this Inftrument efpeci- 
ally rely, becaufe the true place of the Sunall chat 
day is in fome part or point of that Circle. Where- 
fore for the better conceiving and bearing in 
mind thereof, every fifth Parallel is herein made 
a little groffer than the reft.. 

For this inner Dyal ferveth the fhadow of the 
upright edge of the Style, which therefore call 4 
the Upright Shadow. 

And thus, By the Eye and View onely to bebold 
and comprehend the Courfe of the Sun throughout the 
whole Year, both for his Annual and Diurnal Mo- 
tion, may be the firft Ufe of this Infirument. 

uSE IL 

To find the Declination of the Sun every Day 

Look the day of the month propofed in the E- 
cliptick, and mark how many degrees the prick 
fhewing that day is diftant from the Equinoëtial, 
either on the Summer or Winter fide, v#z. North 
or South, 

Example 
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«| Double borisontal Dal.  $ 
Example. What will the Declination of the 

Sun be upon the 11th day of Augwft ? Look the 
11th day of Asgaft, and you fhell find it in the 
6th circle above the Equinodtial : Now becaufe 
each Parallel ftandeth (as hath been faid before) 
for two degrees, the Sun hall chat day decline 
Northwards 12 degrees. 

Example 2.. What Declination hath the Sun 
~ upon the 24 day of Marck ? Look the 24 day of 
March, and you fhall find it between the fecond 
‘and third Northern Parallels, as it were an half 
and one fifth part of that diftance from the fe- 
cond : Reckon therefore four degrees for the 
two circles, and one degree for the half fpace : So 
fhall the Suns Declination be fivé degrees, and a: 
bout one fifth part of a degree Northward) that 
fame day. | 

Example 3. What Declination hath the Sun’ 
upon the 13 day of November ?: Look the 13 day 
of November, and you hall find it below the Equi- 
no¢tial ten Parallels,and about one quarter,which 
is 20 degrees and an half Southward. So much 
isthe Declination. And according to thefe Ex- 
amples judge of all the reft. 

USE Ill. 
To find the Diwrnal Arch or Circle of the Suns courfe 

every day. rae 

The Sun every day by his motion (as hath been 
faid) defcribeth a Circle parallel to the Equino- 
Ctial, which is either one of the Circles inthe Dv- 

u al, 
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6 The Oekcvintion and Aieok the 
al, or fomewhere between two: of. them.’ Firft 
therefore feek the day of the month, and if it fall 
upon one of thofe Parallels, that isthe Circle of 
the Suns courfe that fame day: But’ ifsit fall bes 
tween any two of the Parallels, imagitie in:your 
mind, and eftimaté with your eye; another parale 
Jel through that point between thofe two: paral- 
ips keeping ftill the fame diftance. from each of 
them. | | 

As.in the firft ef the three former Examples}. 
The Circle of the: Suns courfe upon Aueuft tr. 
fhallbe the very fixth Circle above the Equino- 
Ctial towards the Centre, 

In example 2. The Circle of the Sans courfe 
upon.the 24 of March thal: be an imaginary Cir- 
cle between the fecond and third Parallels, fill 
Keeping an half of that (pace, and one fifth pait 
more of the réft, from the fecond. .: ! 

In example 3.: Fhe ‘Circlé of the Suns courfe 
upon the 13 of Novem, fhall bearbimaginary Cir- 
cle between the zothand 11th Parallels below the 
Equinoctial, ftill keeping one quarter of that 
{pace from the tenth, giisail: 

USE WV, 
Io find the Rifing and Setting of the Sun every day. 

Seek out (as was laft fhewed) the ‘imaginary 
Circle or Parallel of the Suns courfe for that day, 
and mark the point where it meeteth’ with the 
Horizon, both on the Eaft and Weft fides, for that 
is the very point of the Sans Rifing-and ‘Setting 

le a that 
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both fides. 

Double borisontal Opal. 7 
that fame day, andithe hour-lines which are on 
both fides of ît, by proportioning the diftance 
reafonably, according to 1§ minutes for the quar- 
ter of the hour, will fhew the hour of the Suns 
Rifing on the Eaft fide, and the Suns Setting on 
the Wef fide. 

USE V. 

To know the resfon and manner of the Increafing and 
Decreafing of the Days and Nights throughout the 
whole Year. 

When the Sun is inthe Equinoétial, it rifech 
and fetteth at 6 aclock : for in the inftrument the 
interfection of the Equinoctial and the Ecliptick 
with the Horizon, is in the 6a clock Circle on 

But if the Sun be out of the Equi- 
noétial, declining toward the North, the interfe- 
étions.of the Parallel of the Sun with the Horizon 
is before 6 in the morning,and after 6 in the even- 
ing : and the Diurnal Arch greater than £2 hours, 
and fo much more great,the greater the Northerh 
Declination is. Again, if the Sun be declining 

: toward the South, the interfetions of the Paral- 
lelof the Sun with the Horizon is after 6’in the 
morning, and before 6in the evening: ‘and the 
Diurnal Arch leffer then 12 hours; and by fo 
much leffer, the greater the Southern Declina- 
tion. is. | 

And in thofe places of the Ecliptick in which 
the Sun moft fpeedily changeth his Declination, 
the length alfo of the day is moft altered: and 

U 2 wheré 

ses 

aura st" 

eee se Se AN ee IO itl ha 



8 The Drfctiption and Ufe ofthe 
where the Ecliptick goeth moft parallel to the 
Equinodtial changing the Declination, but little 
altered. As forexample : Whenthe Sunis near 
unto the EquinoGial on both fides, the days. in- 
creafe and alfo decreafe fuddenly and apace ;_ be- 
caufe in thofe places the Ecliptick inclineth to the 
Equinoétial in a manner like a ftraight Line, ma- 
King fenfible declination. Again, when the Sun 
is near his greateft declination, asin theheight of _ 
Summer, and the depth of Winter, the days keep 
for a good time as it were at one ftay, becaufe in 
thofe places the Ecliptick is in a manner: parallel 
to the Equino@ial, the length of the day alfo is 
bnt little, {catce altering the declination: And 
becaufe in thofe two times of the year the Sun 
ftandeth as it were {till at one declination, they 
“are called the Summer Solffice, and Winter- Solftice. 
And in the mean {pace the nearer every place is to 
the Equinoctial, the greater is the diverfity of 
days. Ge 

Wherefore we may hereby plainly fee that the 
common received opinion, that in every month 
the days do equally increafe, is erronious. , 

Alfo we may {ee that in Parallels equally dr- 
ftant from the Equinoëtial, the day on the one 
fide is equal to the night on the other fide. 

USE VI. 

To find bow far the Sun Rifeth and Setteth from the 
true Eait and Weft Points, which is called the Suns 
Amplitude Ortive and Occafive. 

Seek out (as was fhewed in Ufe UL.) the ima- 
ginary 
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ginary Circle or Parallel of the Suns courfe, and 
the points of that Circle in the Horizon, on the 
Eaft and Weft fides cutreth the degree of the 4m- 
plitude Ortive, and Occafive. 

USE VII. 

To find the Length of every Day and Night. 

Double the hour of the Suns fetting, and you 

fhill have the length of the Day 5 and double the 
hour of the Suns riling, and you fhall have the 
length of the Night. 

USE. VIIL 

To find the true place of the Sun upon the Dyal, that 
is, We point of the Injtrument which anfwereth to 
the place of the Sun in the Heavens at any time, 
which the ground of all the Queftions following. 

If the Dyal:be fixed upona Poft, look what a 
clock it is by the outward Dyal, that is,look what 

hour and part of the hour the fhadow of the flant- 
ing edge of the. Style fheweth in the outward 
Limb. Then beheld the fhadow of the upright 

_edge, and mark what point thereof, is upon that 
very hour and part in the inner Dyal among the 
Parallels, that point is the true place of the Sun 
at the fame inftant. 

If the Dyal be not fixed, and you; have a Me- 
ridian Line noted in. any Window, where the Sun 
fhineth: place the Meridian of your. Dyal upon 
the Meridian Line given, fo that the top of the 
3 U 3 Style 

‘aie ee 
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ro Che Defiription and Ae of the 
Style may pointinto the North, and fo the Dyal 
is as it were fixed, wherefore by the former Rule 
you may find the place of the Sun upon it.” 

If the Dyal be not fixed,neither you have a Me- 
ridian Line, but you know the true hour of the 
day exactly : hold the Dyal even and parallel to 
the Horizon, moving it till the flanting edge of 
the Style caft his fhadow juftly upon the time or 
hour given; for then the Dyal is truly placed, as 
upon a poft. Seek therefore what, point of the 
upright fhadow falleth upon that very hour, and 
there is the place of the Sun. 

But if your Dyal be loofe, and you know nei- 
ther the Meridian nor the-time of the day; Firft, 
by the day of the month in the Ecliptick, find the 
Suns Parallel or Diurnal Arch for that day, then 
holding the Dyal level to the Horizon, Move it 
every way until the flanting thadow of the Style 
in the outward Limb, and the upright fhadow in 
the Suns Diurnal Arch, both thew the very fame 

ai Hour and minute; for that very ‘point of the Suns 
[FETE Parallel which the upright fhadow cutteth, is the 

nf true place of the Sun on the Dyal at that prefent. 
ee But note that by reafon of the thicknefs of the 

j NOR Style;and the bluntnefs of the angle of the upright 
th de édge,the Sun cannot come unto that edge for fome 

fpace before and after noon.’ Aind fo during the 
time that the Sun fhineth not on that upright edg 
the place of the Sun in the Dyal cannot be found. 
Wherefore they that make this kind of Double 
Dyal, are to be careful to filethe upright edge of 
the Styleas thin and fharp as poffible may be. * * 

: Thatiwhich hath here been taught ae 
| ume Bd ee * > 4he 
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the finding out the Suns true place in the Dyal, 
ought pertectly tobe underftood, that it may be 
readily and dexteroufly practifed, for upon the 

‘true performance thereof dependeth, all that fol- 
loweth. 

To find the Hour of the Day. 

If the Dyal be faftened upon a Poft, the hour 
by the'outward Dyal or Limb, is known of eye- 
xy one, andthe upright fhadow in the Suns Pa- 
rallel or Diurnal Arch will alfo thew the very 
fame hour. 

But if the Dyal be loofe, either hold it or fet it 
parallel to the Horizon, with the Style pointing 
into the North, and move it gently every way, 
until the hour fhewed in bothDyals exactly agree- 
eth; or which is all one, find out the true place of 
the Sun upon the Dyal, as was taught in the for- 
mer queftion,for that point among the hour- lines 
fheweth the hour of the day. 

USE xX. 

“To find out the Meridian, and other points of the 
Compafs. 

Firft you muft {eek the true hour of the day ( by 
the laft queftion!) for in that fituation the Meri- 
dian of the Dyal ftiandeth directly North and 
South: and the Eaft pointeth into the Eaft, and 
the Weft into the Welt, and the reft of the points 
may be givenby allowing degrees 1 1% unto every 
point of the Compafs. U 4 USE 
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USE xI. 

To find ont the Azimuth of the Sun, that is, the di. Py 

france of the Vertical Circle, in which the Sun is 
at that prefeut from the Meridian, = 5 

Set your Dyal upon any plain or flat, which is parallel to the Horizon, with the Meridian point- ing dire&ly North or South, as was laft fhewed : then follow with your Eye the upright thadow in a ftraight Line, till i¢ cutteth the Horizon: for the degree in which the point of interfection is, {ball thew how far the Suns Azimuth is diftant . from the Eaft and Welt points, and the Comple- ment thereof unto 90, fhall give the diftance thereof from the Meridian, | Si] 

USE xii. 

To find out the Declination of any Wall upon which the Sun fhineth > that is, how far that Wall fiver- veth from the North or South, either Eaflward or Weltward. 

Take a board, having one firaightedge, anda 
Line ftricken perpendicular upon 1t 3 apply’ ithe ftreight edge unto the Wall at what time the Sun fhineth upon it, holding the board paralle} tothe 
Horizon: Set the Dyal therecn, and move it gents ly every way, until the fame hourand minute be 
fhewed in both Dyals, and fo let it ftand : then if 
the Dyal have one of the fides parallel to the Me: tidian ftrike a Line along that fideupon theboard 
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Double borisontal yal 73 
croffing the perpendicular, or elfe witha Bodkin 
make a point upon the board, at each end of the 
Meridian, and taking away the inftrument from 
the board, and the board from the wall,lay a Ru- 
ler to thofe two points, and draw a line crofling 
the perpendicular :: for the angle which that line 
maketh with the perpendicular, isthe angle of the 
declination of the Wall. And if it bea right an- 
gle, the wall is exa@ly eaft: or weft : but if that 
line be parallel to the perpendicular, the wall is 
direct north or fouth, without any declination 
at all. 

You may alfo find out the declination of a wall 
if the Dyal be fixed on a Poft not far from that 
wall, in this manner: Your board being applied 
to the Wall,as was fhewed, hang up a thread with 
a plummet, fo that the fhadow ot the thread may 
upon the board crofs the perpendicular line, make 
two pricks in the fhadow,and run inftantly to the 

_ Dyal,and look the horizontal diftance of the Suns 
_ Azimnuth or upright fhadow from the Meridian. 
| Thenthrough thetwo pricks draw a line croffing 
| the perpendicular : and upon the point of thein- 

terfection make a Circle equal to the Horizon of 
| your Inftrument, in which Circle you thall from 
} the line through the two pricks meafure the Ho: 
| rizontal Diftance of the Upright Shadow or Azi- 
| muth from the Meridian,that way toward which 

the Meridian is: draw a line out of the centte.to 
the end of that Arch meafured : and the angle 
which this laft line maketh with the perpendicu- 
Jar, fhall be equal to the declination of the wall. 
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4 The Delcriptionand Ale of the 

USE XIII. 
How to place the Dyal upon a Pot without any other 

Direttion, bur it felf. | h: 

Set the Dyal upon the Poft; with the Stile into 
the North, as near as you can guefs: then move 
it this way and that way, till the fame hour and 
minute be fhewed, both in the inward and out- 
ward Dyals by the feveral fhadows, as hath been 
already taught, for then the Dyal ftandeth in its 
trueft fituation; wherefore let it be nailed down 
in that very place. 

USE XIV. 

To find the height of the Sun at bigh noon every day. 

Seek out the Diurnal Arch or Parallel of the 
Suns courfe for that day, (by Ufe II.) and witha 
pair of Compaffes, fetting one foot in the centre, 
and the other inthe point of interfection of that 
Parallel with the Meridian, apply that fame di- 
‘fiance unto the Semidiameter divided : for that 
meafure fhall therein fhew the degree of the Suns 
altitude above the Horizon that day at highnoon. 

USE xv.’ 
To find the height of the Sun at any bour cr time of the 

day. 

Seek out the Diurnal Arch, or Parallel of the 
Suns courfe for that day : and mark what pong 
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Double Horizontal Dyals rs 
of itis in the very hour and minute propofed, 
And with a pair of Compaffes, fetting one foot 
in the centre, and the other in that point of the 
Parallel, apply the fame diftance upon the Semi- 
diameter divided : for that meafure fhall thew the 
degree of the Suns altitude above the Horizon at 
that time. 

And by this means you may finde the height of 
the Sun above the horizon at every hour through- 
out the whole year, for the making of Rings and 
Cylinders, and other Inftruments, which are ufed 
to fhew the hour of the day. 

USE. XVI. 

The height of the Sun being given, to find’ ont the 
hour, or what it is a Clock. 

Thisisthe converfe of theformer: Seck there: 
fore in the Semidiameter divided, the height of 
the Sungiven: and with a pair of Compañfes. fet- 
ting one foot in the centre, and the other at that 
height, apply the fame diftance unto the Diurnal 
Arch or Parallel of the Sun for that day : for 
that point of the Diurnal Arch upon which that 
fame diftance lights, is the true place of the Sun 
upon the Dyal; and fheweth among the hour- 
lines the true time of the day. 

USE XVII. 

Confiderations for ufing the Infirument in the night. 

In fach queftions as concern the night, or the 
time 

en ra. 
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16 The Defcription and ale of the 
time before Sun-rifing and after Sun-fetting, the, 
Toftrument reprefenteth the lower Hemifphere, 
wherein the Southern Pole is elevated. And there- 
fore the Parallels which are above the Æquino- (oti 
étial towards the centre, fhall be for the Southern | 
or Winter-Parallels and thofe beneath the Equi- 7 J jh. 
notial for the Northern or Summer-Parallels ; MN à 
and the Eaft (hall be accounted for Weft, andthe M #1 
Weft for Eaft ; altogether contrary to that which J |... 

Cr = =3 ~~ 

light every day. 

Seek the declination of the Sun for the day pro- © 
poled 

was before, when the Inftrument.reprefented the rhe 
upper Hemifphere. | ity 

uSE XVIII. | 

To find how many degrees the San is under the Ho- | ! # 
rigorat any time of the night. y 

Seek the Declination of the Sun for the day | i 
propoled, (by Ufe II.) and at the fame declination ai 
the contrary fide, imagine a Parallel for the Sun N] na 

4 that night, and mark what pointof it isin the M) sk 
où | very hour and minute propofed: And with a pair Hat 
; of Compafies, fetting one foot in the Centre, Wek 
[| and the other in that point of the Parallel, ae 
ia apply that fame diftance unto the Semidia- ae 

meter divided : for that meafure fhall thew the M} "Mt 
degree of the Suns depreflion below the Horizon ia 

: at that time. ¥ 
| USE XIX. j ay 

|" 4 
à 

| To find out the length of the Crepufculum, or Twy- | 
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Double Doisontal Dyal. 3; 
poled, (by Ufe II.) And at the fame declination 
où thecontrarÿ.fide, imagine a-Parallel for the 
Sun that night : And with a pair of Compaffes, 
fetting one foct in the Centre, and the other at 
72 degrees upon the femidiameter divided, apply 
that fame diftance unto the Suns No@urnal Pa- 
rage: for that point of the Parallel upon which 
that fame diftance fhall light, fheweth among the 
hour-lines the ‘beginning of the Twilighe in the 
morning, or the end of the Twilight in the even- 
ing. 
: USE Xx. 

If the day of the month be not known, t0 find it out 
by the Dyal. 

For the working of this Queftion, either the 
Dyal muft be fixed rightly ona Poft, or elfe you 
muft have a true Meridian Line drawn in fome 
Window wheré the Sun thineth; wherefore {up- IS. pofing the Dyal to be juftiy ft, either upon the 
Poft, or upon the Meridian; Look what a clock ir 
is by the outward Dyal, and obferve what point 
of the upright fhadow falleth upon the very {ame 
minute in theinner Dyal, and through that fame 
point imagine a Parallel circle for the Suns courte, 

M, that Imaginary Circle in the Ecliptick fhall cug 
the day of the month. 
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DE the General Horological Bing. 

I, The Defcription of ite | 

His Inftrument ferveth as a Dyal to fin Ê 
hour of the day, not in one placé onel 

the moft part of Dyals do ) but generally in il 
Countreys lying North of the Equinoctial, and 
therefore I call it, The General Horological Ring. 

It confifteth of two Brazen Circles, a Diame- Naf 
ter, and a little Ring to hang it by. : | bale 

The two Circles are fo made, thatthoughthey he Py 
are to be fet at right angles when younfetheIn- § 
ftrument; yet for more convenient carrying, they = 
may be:one folded into the other, " 

The leffer of the two Circles is for the Equino- 
FUME Gtial, having in the midft of theinner fide ox bik 

f | thicknels aline round it, which is the true Equi- , ne 
| noctial Circle, divided intotwice 12 hours,from | ; rh 

the two oppofite, points in which it is faftened j rh 
| within the greater. DA: Lt 

The greater and outer of the two Circles is the \4}, 
Meridian : One quarter whereof, beginning atone M 
of the points in which the Equinoétial is hung,is 
divided into 90 degrees. Le 

The Diameter is faftened to the Meridian in hr 
two oppofite points or poles, one of them being à as 

11 _ the very end of the Quadrant, and is the North | ha 
| Pole :- Wherefore itis perpendicular to the Equi- | "# 
iff noctial, having his due pofition. The Diameter is _ } tj», 

broad, and flit in the middle, and about theflit on #}, #4, 
’ both fi des are the months and days of the eat | a: 

| An 
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| OE the General boological Ring, 19. 
And within this flit is a little fliding Plate pierced 
through with a {mall hole: which hole in the 

~ Motion of it, while it is applied to the days of the 
|) year, reprefenteth the Axis of the World. 
|) _ The little Ring whereby the Inftrument hang 
__ eth, is made to flip up and down along the Qua- 

diane: that fo by help of alittle Tooth annexed, ; , 
the Inftrument may be rectified to any Elevation’ 
of the Pole. ne | 

IL The Ufe of it. 
| À ufing this Infirument, 1. The tooth of the 

ty | = little Ring muft carefully be fet to the height of 
LU the Pole in the Quadrant, for the place Wherein, / 

| you are. 
| 2. The hole of the fliding plate within the flic, 
| mutt be brought exaétly to the day of the month. 

3+ The Equtnottial isto be drawn out, and by 
" — means of the two ftuds in the Meridian ftaying it, 
‘fit is to be {et perpendicular thereto. 

ye 4: Guef as near as you can at the hour, and 
Mi") turn the hole of the little Plate toward it. 

| Laftly,Hold the Inftrument up by the little Ring 
_ that it may hang fréely with the North Pole thereot 
toward the North, and move it gently this way 
and that way, till the beams of the Sun thihing 
thorow that hole,fall upon that middleline with- 

in the Equinoctial : for there {hall be the hour of 
it @ the day: And'the Meridian of the Inftrument 
No" ® thalthamg dire@tly North and South. 

This or any other Mathematical Inftrument either in Silver, 
Brafs or Wood, are exattly made by Hilkiah Bedford, 
in Fleetitreet, near Ferter-Lane End, 
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