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TO THE READER:
[Page]
[Page]
Courteous Reader,

HEre is preſented unto thee a ſhort Treatiſe of the Art of Dialling. Concerning the antiquity, ex­cellencie, and neceſſity thereof, I ſhall in this place ſay little, the Antiquity thereof being wel known to all who have di­ligently read the Sacred Scrip­tures, wherein mention is made of that of K. Ahaz, upon which the Almighty was pleaſed to expreſſe a Miracle for the recovery of King Hezekiah, by cauſing the Sun to go back ten degrees upon the ſaid Diall, and this is the firſt that was ever recorded, being above 2400 years agoe, ſince which time, Learning ſpreading it ſelfe over the whole Univerſe, hath made this Art more common.
For the excellencie of it, the skill which is required in the Mathematicks, eſpecially in Geometry, Aſtronomy, and [Page] Optiques, for the making a man compleat and excellent, is an evident proof, for without good knowledge in the Ele­ments of Geometry, with a competencie of knowledge in the circles of the Sphere, and ſome inſight in the Optiques, in vain doth a man beſtow his time in the ſtudy of this Art of Dialling.
Now for the neceſſity of it, what is more neceſſary in a well ordered Commonwealth? What action can be performed in due ſeaſon without it? Or what man can appoint any buſineſſe with another, and not prefix a time, without the loſſe of that which cannot be re-gained, and ought therefore to be moſt prized.
Now becauſe that all the light which we receive is from the great and glorious light of the World, [the SUN] we have fetcht the beams thereof from heaven, to enlighten the underſtandings of men upon earth, and from whoſe light we receive and retain the benefit of all our know­ledge.
Therefore this Art of Dialling being in it ſelfe ſo ex­cellent and neceſſary, may induce any induſtrious perſon to the practiſe thereof, the perfect knowledge whereof in this enſuing Treatiſe is ſufficiently taught, and that by ſuch briefe, eaſie, and familiar wayes, that not any Trea­tiſe hitherto publiſhed, can for convenience, eaſe, and quick diſpatch, be compared thereto.
The whole Treatiſe conſiſteth of five Books, in which the whole myſtery of the Art of Dialling is plainly taught three ſeverall wayes, namely, two Geometrically, and the third Inſtrumentally.
I.
[Page]
The firſt Book containeth certain Elements of Geome­try and Aſtronomy, as alſo how to perform divers Pro­poſitions in Geometry.

II.
The ſecond ſheweth how to perform moſt propoſitions in Aſtronomie and Navigation, Geometrically, with Scale and Compaſſe only.

III.
The third ſheweth how to finde the Inclination and de­clination of any plane without Inſtrument, as alſo how to draw the houre-lines upon any plane howſoever, and in what Latitude ſoever ſcituate, by Rule and Compaſſe on­ly, two ſeverall wayes, in both which, the two grand in­conveniencies of the common wayes (viz. of outrunning the limits of the plane; and drawing of many unneceſſary lines) are totally avoyded, you having no lines to draw, but ſuch as will be compriſed within the bounds of your plane, and thoſe ſo few, that you need not fear confuſion.

IV. & V.
The fourth, and fifth, ſheweth the conſtruction and uſe of a Quadrant, by which all the moſt uſuall Propoſitions in Aſtronomie may be wrought with great facility, and by which the Inclination and Declination of a plane may be ſpeedily attained, and alſo the houre-lines drawn upon all kinde of planes in any Latitude.
[Page]
Unto theſe five Books is added an Appendix, ſhewing how to furniſh any kinde of Diall with Aſtronomicall Variety, as to draw thereon the parallels of Declination, by which the place of the Sun may be known: the paral­lels of the length of the day, by which the day of the Moneth, the Suns Riſing and Setting, the length of the day and night may be known: the Babyloniſh and Italian houres, by which you may know how many houres are paſt ſince Sun riſing, and how many remain to Sun ſetting: The old unequall houres, by which the day is divided into twelve equall paats according to the Jewiſh account: The Azimuths, by which you may know in what quarter of the heavens the Sun is at any time of the day: The Almican­ters or Circles of Altitude, by which the height of the Sun, the proportion of ſhadows to their bodies may be eaſily diſcovered. And laſtly; How to draw a Diall on the Seeling of a Room by reflection: All which are per­formed Geometrically by Rule and Compaſſe only, af­fording great delight and pleaſure in the practice of this moſt excellent Art. All which is here preſented to thee as freely as it was given from God, who is the author and giver of all good things.
Vale.
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ALL the worke of this Book is performed either Geometri­cally or Inſtrumentally: For the Geometricall performance there is required only a line of Chords (or rather a Sector,) and the In­ſtrumentall part is performed by a Quadrant fitted for that purpoſe: Therefore, if any be deſirous to have either Scale, Sector, Qua­drant, or any other Mathematicall In­ſtrument whatſoever, they may be furniſhed by Maſter Anthony Thompſon in Hoſier lane neer Smithfield.


§
NOte, that the line of Chords which is drawn on the edge of the Quadrant A C ſhould iſſue from the cen­ter, but in the figure it is drawn ſhort thereof, which defect the Inſtrument maker will eaſily ſupply.


THE FIRST BOOK. Shewing the meaning of ſome of the uſefulleſt termes of GEOMETRY, which be moſt attendant unto this Art of DIALLING: With a deſcription of ſome of the chief Points, Lines and Circles imagined in the Sphere: Being very fit to be underſtood of all thoſe that intend to practice either in the Art of NAVIGATION, ASTRONOMIE, OR DIALLING.
[Page]
CHAP. I. Of certain terms of Geometry, neceſſary to be known of the unlearned, before the proceeding in this Art of Dialling.
BEing intended in this Treatiſe of Dialling, to proceed by Geometricall proportion: I have thought fit, firſt, to declare unto you the meaning of ſome terms of Geo­metry which are neceſſary for the unlearn­ed to know before they enter into this Art of Dialling.
Definition 1.
[Page]
[Point A]
Firſt, therefore a point or prick is that which is the leaſt of all materials, having neither part nor quantity, and therefore void of length, breadth, and depth: as is ſet forth unto you by the point or prick noted with the letter A.

Definition 2.
A Line is a ſuppoſed length, or a thing extending it ſelfe in length, without breadth or thickneſſe, whether it be right lined or crooked, and may be divided into parts in reſpect of his length, but admitteth no other diviſion, as is ſet forth unto you by the line B.
[Line B]

Definition 3.
An Angle is the meeting of two lines in any ſort, ſo as they both make not one line.
[Angle CDE]
As for example, ſup­poſe the lines C D and E D to be drawn in ſuch ſort, ſo as they may both meet in the point D, ſo ſhall the point D be the angle included between the two lines, as C D E: And here note, that an Angle is uſually deſcribed by three letters, of which, the ſecond, or middle letter, repreſenteth alwayes the angle intended.

Definition 4.
[Page]
If a right line fall on a right line, making the angles on either ſide equall, each of thoſe angles are called right an­gles, and the line
[Perpendicular lines AB and CBD illustrating right angles]
 erected is called a Perpendicular line unto the other. As for example, the line A B here in this figure, falling upon the line C B D, in ſuch ſort, that the angles on both ſides are thereby made equall, as here you ſee, and therefore are called Right angles.

Definition 5.
A Perpendicular is a line raiſed from, or let fall upon another line, making equall angles on both ſides, as you may ſee declared in the former figure, where the line A B is perpendicular unto the line C B D, making equall angles in the point B.

Definition 6.
A Circle is a plain figure, and contained under one line which is called the Circumference thereof, as in the figure following, the very Ring C B D E is called the Circum­ference of that Circle.

Definition 7.
The Center of a Circle is that point which is in the midſt thereof, from which point, all right lines drawn to [Page] the Circumference are equall, as you may ſee in the fol­lowing figure, where the point by the letter A repreſents the Center, and is the very middle point upon which the circumference was drawn.

Definition 8.
The Diameter of a Circle is a right line drawn through the center of any Circle, in ſuch ſort that it may divide the whole Circle into two equall parts, as you may ſee the line C A D, or B A E, either of which is the Diameter of the circle B C E D, becauſe either of them paſſeth through the center A, & divideth the whole circle into two equal parts.

Definition 9.
The Semidiameter of a Circle, is halfe of the Diameter, and is contained betwixt the center, and the one ſide of the Circle, as the line A D, or A B, or A C, or A E, are either of them the Semidiameters of the Circle B C E D.

Definition 10.
A Semicircle is the one halfe of a Circle drawn upon his Diameter, and is contained upon the ſuperficies or ſurface of the Diameter, as the Semicircle C B D, which is halfe of the Circle C B D E, and is contained above the Dia­meter C A D.

Definition 11.
A Quadrant is the fourth part of a Circle, and is contain­ed betwixt the Semidiameter of the Circle, & a line drawn perpendicular unto the Diameter of the ſame Circle, from the center thereof, dividing the Semicircle into two equall parts, of the which parts, the one is the Quadrant or fourth part of the ſame Circle. As for example, the Diameter of the Circle B D E C, is the line C A D, dividing the Circle into two equall parts: then from the center A, raiſe [Page] the perpendicular A B, dividing the Semicircle likewiſe into two equall parts, ſo is A B D, or A B C, the Quadrant of the Circle C B D E.

Definition 12.
A Segment or portion of a Circle, is a figure contained under a right
[Circle CBDE with segment FBGH]
 line, and a part of a circumfe­rence, either greater or leſ­ſer then the ſe­micircle, as in the figure you may ſee that F B G H is a ſegmēt or part of the Circle C B D E, and is contained under the right line FHG (wch is leſs then the Diameter C A D) and a part of the whole circumference as F B G.
And here note, that theſe parts, and ſuch like of the Circumference ſo divided, are commonly called arches, or arch lines, and all lines (leſſe then the Diameter) drawn through, and applyed to any part of the circumference, are called Chords, or Chord lines, of thoſe arches which they ſubtend.

Definition 13.
[Page]
A Parallel line is a line drawn by the ſide of another line, in ſuch ſort that they may be equidiſtant in all places, and of ſuch parallels, two only belong unto this work of Dial­ling, that is to ſay, the right lined Parallel, and the circular Parallel.
Right lined Parallels, are two right lines equidiſtant in all places one from the other, which being drawn forth in­finitely, would never meet or concur; as may be ſeen by theſe two lines A and B.
[Parallel lines A and B]

Definition 14.
[Circular parallel: circle FGHI within circle BCDE having the same center A]
A Circular parallel is a Circle drawn either within or without a­nother Circle upō the ſame center, as you may plainly ſee by the two Circles B C D E, and F G H I, theſe Circles are [Page] both drawn upon the ſame center A, and therefore are pa­rallel the one to the other.

Definition 16.
A Degree is the 360th part of the circumference of any Circle, ſo that divide the circumference of any circle into 360 parts, and each of thoſe parts is called a degree; ſo ſhall the Semi-circumference contain 180 of thoſe De­grees; and 90 of thoſe degrees make a Quadrant, or a quarter of the circumference of any Circle.

Definition 16.
A Minute is the 60th part of a degree, being underſtood of meaſure: but in time a Minute is the 60th part of an houre, or the fourth part of a degree, 15 degrees anſwe­ring to an houre, and 4 minutes to a degree.

Definition 17.
The quantity or
[60-degree angle ABC and 60-degree arc (arch) AC]
 meaſure of an angle, is the number of de­grees contained in the arch of a Circle, deſcribed from the point of the ſame an­gle, and intercepted betweene the two ſides of that angle. As for example, the meaſure of the angle A B C is the number of degrees contained in the arch A C which ſubtendeth the angle B, being found to be 60.

Definition 18.
[Page]
The Complement of an arch leſſe then a Quadrant, is ſo much as that arch wanteth of 90 degrees.
As for example, the arch A B being 60 degrees, which being taken from 90 degrees, leaveth B C for the comple­ment thereof, which is 30 degrees.
[depiction of complementary arcs (arches): semicircle with E as center and A, B, C, and D as points on the circumference, showing 60-degree angle AEB (arc AB), 30-degree angle BEC (arc BC), and 90-degree angle CED (arc CD)]

Definition 19.
The complement of an arch leſſe then a Semicircle, is ſo much as that arch wanteth of a Semicircle, or of 180 de­grees. As for example, the arch D C B being 120 de­grees, this being taken from 180 degrees, the whole Semi­circle, leaveth A B for the complement thereof, which will be found to be 60 degrees.
And here note, that what is ſaid of the complements of arches, the ſame is meant by the complements of angles.


CHAP. II. To a line given, to draw a parallel line, at any diſtance required.
[Page]
SUppoſe the line given to be A B, unto which line it is required to draw a parallel line. Firſt, open your Com­paſſes to the diſtance required, then ſet one foot in the end A, and with the other ſtrike an arch line, on that ſide the given line
[Dialling diagram: how to draw a parallel line by first drawing arch (arc) lines with a compass]
 whereunto the parallel line is to be drawn, as the arch line C, this being done, draw the like arch line upon the end B, as the arch line D, and by the convexity of thoſe two arch lines C and D, draw the line C D, which ſhall be parallel to the given line, as was required.

CHAP. III. To perform the former propoſition at a diſtance required, and by a point limited.
SUppoſe the line given to be D E, unto which line it is required to draw a parallel line, at the diſtance, and by the point F.
[Dialling diagram: how to draw a parallel line at a specific distance and opposite a specific point]
 Firſt there­fore, place one foot of the compaſſes in the point F, from whence take the ſhorteſt extention to the [Page] line D E, as F E, at which diſtance, place one foot of the compaſſes in the end D, and with the other, ſtrike the arch line G, by the convexity of which arch line, and the limited point F, draw the line F G, which is parallel to the given line D E, as was required.

CHAP. IIII. The manner how to raiſe a perpendicular line, from the middle of a line given.
LEt the line given be A B; and let C be a point therein, whereon it is required to raiſe a perpendicular. Firſt therefore, open the compaſſes to any convenient diſtance,
[Dialling diagram: how to draw a perpendicular line CD from the middle of a given line ACB]
 & ſetting one foot in the point C, and with the other foot mark on either ſide thereof, the equall diſtances C A, and C B: then opening your compaſſes to any convenient wi­der diſtance, with one foote in the point A, with the other, ſtrike the arch line E over the point C, then with the ſame diſtance of your compaſſes, ſet one foot in B, and with the other draw the arch line F, croſſing the arch E in the point D, from which point D, draw the line D C, which line is perpendicular unto the given line A B, from the point C, as was required.

CHAP. V. To let a Perpendicular fall from a point aſſigned, unto the middle of a line given.
[Page]
LEt the line given whereupon you would have a perpen­dicular let fall, be the line D E F, and the point aſſign­ed to be the point C, from whence you would have a per­pendicular let
[Dialling diagram: how to draw a perpendicular line down from a given point C to the middle of an existing line DEF]
 fall upon the given line D E F. Firſt, ſet one foote of your compaſ­ſes in the point C, and opening your compaſſes to any conveni­ent diſtance, ſo that it be more then the diſtance C E, make an arch of a circle with the other foot, ſo that it may cut the line D E F twice, that is, at I and G: then finde the middle between thoſe two intetſections, which will be in the point E, from which point E, draw the line C E, which is the perpendicular which was deſired to be let fall from the given point C, unto the middle of the given line D E F.

CHAP. VI. To raiſe a Perpendicular upon the end of a line given.
SUppoſe the line whereupon you would have a perpen­dicular to be raiſed, be the line B C, & from the point B a [Page] perpendicular is to be raiſed. Firſt, open your Compaſſes unto any convenient diſtance, which here we ſuppoſe to be the diſtance B E, and ſet one foot of your compaſſes in
[Dialling diagram: how to draw a perpendicular line from the end of a given line using compass and ruler]
 B, with the other draw the arch ED, then this diſtance being kept, ſet one foot of your com­paſſes in the point E, and with the o­ther make a mark in the former arch E D, as at D, ſtil kee­ping the ſame di­ſtance, ſet one foot in the point D, and with the other draw the arch line F o­ver the given point B: now laying a ruler upon the two points E and D, ſee where it croſſeth the arch line F, which will be at F, from which point F, draw the line F B, which ſhall be a perpendicular line unto the given line B C, raiſed from the end B, as was required.

CHAP. VII. To let a perpendicular fall from a point aſſigned, unto the end of a line given.
LEt the line D E be given, unto which it is required to let a perpendicular fall from the aſſigned point A, unto the end D. Firſt, from the aſſigned point A, draw a line unto any part of the given line D E, which may be the line A B C, then finde the middle of the line A C, which will [Page] be at B, place therefore one foot of your compaſſes in the point B, and extend the other unto A or C, with which diſtance draw the
[Dialling diagram: how to draw a perpendicular line down from a given point to the end of a line]
 Semicircle A D C, ſo ſhall it cut the given line D E in the point D, from which point D, draw the line A D, which ſhall be the perpendicular let fall from the aſſign­ed point A unto the end D of the given line D E, as was required.

CHAP. VIII. Certain Definitions Aſtronomicall, meet to be underſtood of the unlearned, before the proceeding in this Art of Dialling.
IN the former Chapter I have ſhewed the meaning of ſome terms of Geometry, which be moſt helpfull unto this art of Dialling, with the drawing of a parallel line at any diſtance, or by a point aſſigned; ſo likewiſe have I ſhew­ed the manner either how to raiſe or let fall a perpendicular either from or unto any part of a line given. So likewiſe now I think it will not be unneceſſary for to ſhew unto the unlearned, the meaning of ſome of the moſt uſefulleſt terms in Aſtronomie, and moſt fitting this art of Dialling.
Definition 1.
[Page]
A Sphere is a certain ſolid ſuperficies, in whoſe middle is a point, from which all lines drawn unto the circumfe­rence are equall, which point is the center of the Sphere.

Definition 2.
The Pole is a prick or point imagined in the heavens, whereof are two, the North pole being the center to a circle deſcribed by the motion of the North ſtar, or the tale of the little Bear, from which point aforeſaid is a line imagi­ned to paſſe through the center of the Sphere, and paſſing directly to the oppoſite part of the heavens, ſheweth there to be the South Pole, and this line ſo imagined to paſſe from one Pole to the other, through the center of the Sphere, is called the Axletree of the World, becauſe it hath beene formerly ſuppoſed, that the Sun, Moon, and Stars, together with the whole heavens hath been turned about from Eaſt to Weſt, once round in 24 houres, by a true equall courſe, like much in like time; which diurnall revolution is performed about this Axletree of the World, and this Axletree is ſet out unto you in the following fi­gure by the line P A D, the Poles whereof are P and D.

Definition 3.
A Sphere accidentally is divided into two parts, that is to ſay, into a right Sphere, and an oblique Sphere, a right Sphere is only unto thoſe that dwell under the Equinocti­all, to whom neither of the Poles of the World are ſeen, but lie hid in the Horizon. An oblique Sphere is unto thoſe that inhabit on either ſide of the Equinoctiall, unto whom one of the Poles is ever ſeen, and the orher hid un­der the Horizon.

Definition 4.
[Page]
The Circles whereof the Sphere is compoſed are divi­ded into two ſorts; that is to ſay, into greater Circles, and leſſer: The greater Circles are thoſe that divide the Sphere into two equall parts, and they are in number ſix, viz. the Equinoctiall, the Ecliptique line, the two Colures, the Me­ridian, and the Horizon. The leſſer Circles are ſuch as divide the Sphere into two parts unequally; and they are foure in number, as, the Tropick of Cancer, the Tropick of Capricorn, the Circle Artique, and the Circle Antartique.


CHAP. IX. Of the ſix greater Circles.
Definition 5.
THe Equinoctiall is a Circle that croſſeth the Poles of the world at right angles, and divideth the Sphere into two equall parts, and is called the Equinoctiall, becauſe when the Sun commeth unto it (which is twice in the year, viz. at the Suns entrance into Aries and Libra) it maketh the dayes & nights of equall length throughout the whole world, and in the figure following, is deſcribed by the line S A N.

Definition 6.
The Meridian is a great Circle, paſſing through the Poles of the world, and the poles of the Horizon, or Ze­nith point right over our heads, and is ſo called, becauſe that in any time of the year, or in any place of the world, when the Sun (by the motion of the heavens) commeth unto that Circle, it is then noon, or 12 of the clock: and it [Page] is to be underſtood, that all Towns and Places that lie Eaſt and Weſt one of another, have every one a ſeverall Meri­dian; but all places that lie North and South one of ano­ther, have one and the ſame Meridian: this circle is decla­red in the figure following by the Circle E B W C.

Definition 7.
The Horizon is a Circle dividing the ſuperior Hemiſ­phere from the inferior, whereupon it is called Horizon, that is to ſay, the bounds of ſight, or the fartheſt diſtance that the eye can ſee, and is ſet forth unto you by the line C A B in the following figure.

Definition 8.
Colures are two great Circles, paſſing through both the Poles of the World, croſſing one the other in the ſaid Poles at right angles, and dividing the Equinoctiall and the Zo­diaque into four equall parts, making thereby the four Seaſons of the year, the one Colure paſſing through the two Tropicall points of Cancer and Capricorn, ſhewing the beginning of Summer, & alſo of Winter, at which times the dayes and nights are longeſt and ſhorteſt. The other Colure paſſing through the Equinoctiall points Aries and Libra, ſhewing the beginning of the Spring time and Au­tumne, at which two times the dayes and nights are of e­quall length throughout the whole World.

Definition 9.
The Ecliptique is a great Circle alſo, dividing the Equi­noctiall into two equall parts by the head of Aries and Li­bra, the one halfe thereof doth decline unto the North­ward, and the other towards the South, the greateſt decli­nation thereof (according to the obſervation of that late [Page] famous Mathematician Maſter Edward Wright) is 23 de­grees, 31 minutes, 30 ſeconds. Note alſo that this Circle is divided into 12 equal parts, which parts are attributed unto the 12 Signes, Aries, Taurus, Gemini, Cancer, Leo, Virgo, Li­bra, Scorpio, Sagitarius, Capricornus, Aquarius, and Piſces. Out of this line doth the Sun never move, but the Moon and other Planets are ſomtimes on the one ſide, and ſom­times on the other ſide thereof: this line may be repreſen­ted in the following figure, by that line whereon the cha­racters of the 12 Signes ſtandeth.


CHAP. X. Of the foure leſſer Circles.
Definition 10.
THe Sun having aſcended unto his higheſt Solſticiall point, doth deſcribe a Circle, which is the neereſt that he can approach unto the North Pole, whereupon it is cal­led the Circle of the Summer Solſtice, or the Tropick of Cancer, & is noted in the figure following by the line ♋ FG.

Definition 11.
The Sun alſo approaching unto the firſt ſcruple of Ca­pricorn, or the Winter Solſtice, deſcribeth another Circle, which is the utmoſt bounds that the Sun can depart from the Equinoctiall line towards the Antartique Pole, where­upon it is called the Circle of the Winter Solſtice, or the Tropick of Capricorn, and is deſcribed in the figure fol­lowing by the line H I ♑.

Definition 12.
So much as the Ecliptique declineth from the Equino­ctiall, [Page] ſo much doth the Poles of the Ecliptique decline from the Poles of the World, whereupon the pole of the Ecliptique, which is by the North Pole of the World de­ſcribeth a Circle as it paſſeth about the Pole of the World, being juſt ſo far from the Pole, as the Tropick of Cancer is from the Equator, and it is called the Circle Artick, or the Circle of the North Pole, it is deſcribed in the following Diagram by the line T O, where the letter O doth ſtand for the Pole of the Ecliptique, and the line T O for the Circle which the point O doth deſcribe about P the Pole of the World.

Definition 13.
The fourth and laſt of the leſſer Circles is deſcribed in like manner, by the other pole of the Ecliptique about the South Pole of the World, and therefore called the Antar­tique Circle, or the Circle of the South Pole, & is demon­ſtrated in the following figure by the line L R.

Definition 14.
The Zenith is an imaginary point in the heavens over our heads, making right angles with the Horizon, as the Equinoctiall maketh with the Pole.

Definition 15.
The Nadir is a point in the heavens under our feet, ma­king right angles with the Horizon under the earth, as the Zenith doth above, and therefore is oppoſite unto the Ze­nith: both theſe may be repreſented in the figure by the line E W, where the letter E ſtandeth for the Zenith, and W for the Nadir.

Definition 16.
The Declination of the Sun is the arch of a Circle con­tained betwixt the Ecliptique and the Equinoctial, making [Page] right angles with the Equinoctiall, and may be ſet forth unto you by the arch S ♋. But the Declination of a Star, is the arch of a Circle let fall from the center of a Star, per­pendicular unto the Equinoctiall. This Declination may
[Dialling diagram: Circle EBWC (where E stands for Zenith and W for Nadir) illustrating astronomical definitions in chapters 9 and 10]
 be counted either Northward or Southward, according to the ſcituation of the Sun or Star, whether it be neerer unto the North or South Pole of the World.

Definition 17.
The Latitude of a Star is the arch of a Circle contained betwixt the center of any ſtar and the Ecliptique line, ma­king [Page] right angles with the Ecliptique, and counted either Northward or Southward according to the ſcituation of the Star, whether it be neerer unto the North or South Poles of the Ecliptique. And here note, that the Sun hath no Latitude, but alwayes keepeth in the Ecliptique line.

Definition 18.
The Latitude of a Town or Countrey, is the height of the Pole above rhe Horizon, or the diſtance betwixt the Zenith and the Equinoctiall, and may be repreſented in this figure by the arch of the Meridian B P, where the North Pole P is elevated above the horizontall line C A B according to the angle B A P, which here is 52 degrees 25 minutes, the Latitude of Thurning.

Definition 19.
The Longitude of a Star is that part of the Ecliptique which is contained betwixt the Stars place in the Eclip­tique and the beginning of Aries, counting them from Aries according to the order or ſucceſſion of the Signes.

Definition 20.
The Longitude of a Town or Countrey, are the num­ber of degrees which are contained in the Equinoctiall, be­twixt the meridian that paſſeth over the Iſles of Azores, (from whence the beginning of Longitude is accounted) Eaſtwards, and the Meridian that paſſeth over the Town or Countrey deſired.

Definition 21.
The Altitude of the Sun or Star, is the arch of a circle contained betwixt the center of the Sun or any Star, and the Horizon. As for example, in the former figure, ſuppoſe [Page] the Sun to be in the Meridian at S, then the angle of alti­tude will be the angle S A C, the meaſure whereof will be the arch C S, contained betwixt the Sun at S, and the Horizon C, which here will be found to be 37 degr. and 35 min. the height of the Sun at noon when it is in the E­quinoctiall Circle S A N.

Definition 22.
Azimuths are Circles which meet together in the Ze­nith, and croſſe the horizon at right angles, and ſerve to finde the point of the Compaſſe which the Sun is upon at any houre of the day: or the Azimuth of the Sun or Star is a part of the Horizon, contained betwixt the true Eaſt or Weſt point, and that Azimuth which paſſeth by the center of the ſame Star to the Horizon, and may be repreſented in the former figure by the arch line E V W.

Definition 23.
Aſcenſion, is the riſing of any Star, or of any part or por­tion of the Ecliptique above the Horizon.

Definition 24.
Right Aſcenſion, is the number of degrees and minutes of the Equinoctiall (counted from the beginning of Aries) which commeth to the Meridian with the Sun, Moon, Star, or any portion of the Ecliptique.

Definition 25.
Oblique Aſcenſion, is a part of the Equinoctiall con­tained betwixt the beginning of Aries, and that part of the Equinoctiall that riſeth with the center of a Star, or a­ny portion of the Ecliptique in an Oblique Sphere.

Definition 26.
The Aſcenſionall Difference, is the difference be­twixt [Page] the right and oblique aſcenſion, or it is the number of degrees contained betwixt that place of the Equinoctial that riſeth with the center of a Star, and that place of the Equinoctiall that commeth to the Meridian with the cen­ter of the ſame Star.

Definition 27.
Almicanters are circles drawn parallel unto the Horizon one over another, untill they come unto the Zenith, theſe are Circles that doe meaſure the elevation of the Pole, or height of the Sun, Moon, or Stars above the Horizon, which is called the Almicanter of the Sun, Moon, or Star: the arch of the Sun or Stars Almicanter, is a portion of an Azimuth contained betwixt that Almicanter which paſſeth through the center of the Star and the Horizon.
Thus having ſet forth unto the view of the unlearned (for whoſe ſake this Treatiſe was intended) the meaning of ſome of the uſefulleſt terms of Geometry, which be moſt attendent unto this Art of Dialling, and alſo a deſcription of ſome peculiar things concerning the Points, Lines, and Circles imagined in the Sphere, being very fit to be under­ſtood of all ſuch as intend to practiſe either in the Art of Navigation, Aſtronomie, or Dialling. Therefore now I in­tend to proceed with Scale and Compaſſe to perform ſome queſtions Aſtronomicall, before we enter upon the Art of Dialling, ſeeing they are both delightfull, and alſo help­full unto all ſuch as ſhall be practitioners in this Art of Dialling.


The end of the Firſt Book.


THE SECOND BOOK. Shewing Geometrically how to reſolve all ſuch Aſtronomical Propoſitions as are of ordinary uſe, as well in the Art of Navigation, as in this Art of Dialling.
[Page]
CHAP. I. The deſcription of the Scale, whereby this work may be performed
THis Scale for this work, needs to be divi­ded but into two parts, the firſt whereof may be a Scale of equall diviſions of 16 in an inch, and may ſerve for ordinary mea­ſure. The ſecond part of the Scale may be a ſingle Chord of a Circle, or a Chord of 90, and is divided into 90 unequall diviſions, repreſenting the 90 degrees of the Quadrant, and are numbered with 10, 20, 30, 40, &c. unto 90. This Chord is in uſe to meaſure any part or arch of a Circle, not ſurmounting 90 [Page] degrees, the number of theſe degrees from 1 unto 60, is called the Radius of the Scale, upon which diſtance all
[Dialling diagram: ruler or scale]
 Circles are to be drawn, whereupon 60 of theſe degrees are the ſemidiameter of any Circle that is drawn upon that Radius.
The manner how to divide the line of Chords.
Although the making or dividing of this line of Chords be well known unto all thoſe that do make Mathematicall Inſtruments, yet I would not have them that ſhall make uſe of this Book, be ignorant of the dividing of this line: Therefore, firſt, draw the Diameter A D C, which being done, upon the center D deſcribe the ſemicircle A B C, which ſemicircle divide into two equall parts or Quadrants by the point B, then dividing one of theſe Quadrants into 90 equall parts, or degrees, you are prepared, as here you ſee in the Quadrant A B.
Now this being done, ſet one foot of your Compaſſes in the point A, and let the other be extended unto each de­gree or the Quadrant A B, and theſe extents transfer into the line A D C, as here you ſee is done. This line ſo di­vided into 90 unequall diviſions from the point A, (and numbred by 10, 20, 30, 40, &c. unto 90,) is called a line of Chords, and may be ſet on your Rule, as here you ſee is done. And this may be as well performed within the Quadrant D A B, by transferring the degree of the Qua­drant [Page] A B into the line A E B, or into any other line: and here you may ſee that when you open your compaſſes unto 60 degrees in the Quadrant, and transfer it into the line A D, that it will light upon the center D, whereby it doth plainly appear that 60 of thoſe degrees are equall to the ſemidiameter of the ſame Circle, and therefore is the Radius upon which all circles are drawn, as was ſhew­ed before in this Chapter.
[Dialling diagram: illustration of how to divide a line of chords into degrees of a circle]


CHAP. II. How ſpeedily with Rule and Compaſſe, to make an angle containing any degrees aſſigned, or to get the degrees of any angle made.
FIrſt, therefore to make an angle of any quantity, open your Compaſſes to the Radius of our Scale, and [Page] ſetting one foot thereof in the point A, with the other foot deſcribe the arch B C, then draw the line A B, then ope­ning your Compaſſes to ſo many degrees upon your line of Chords, as you would lay down, which here we will ſuppoſe to be 40 degrees, and ſetting one foot in B, with the other make a mark in the arch B C, as at C, from which point C, draw the line C A, which ſhall make the angle B A C, containing 40 degrees, as was required.
[arch (arc) BC and 40-degree angle BAC]
And if you deſire to finde the quantity of an angle, open the Compaſſes to the Radius of your Scale, & ſet one foot thereof in the point A, and with the other deſcribe the arch B C, then taking the diſtance betwixt B and C (that is, where the two legs and the arch line croſſeth) and ap­ply it unto the line of Chords, and there it will ſhew you the number of degrees contained in that angle, which here will be found to be 40 degrees.

CHAP. III. To finde the altitude of the Sun by the ſhadow of a Gnomen ſet perpendicular to the Horizon.
FFirſt, draw the line A B, then opening your Compaſſes to the Radius of your Scale, ſet one foot in the end A, [Page] and with the other deſcribe the arch B C D, then ope­ning your Compaſſes unto the whole 90 degrees, with one foot in B, with the other marke the arch B C D in the point D, from which point D, draw the line D A, which ſhall be perpendicular unto the line A B, and make the Quadrant A B
[Dialling diagram: Quadrant ABCD (where A is the center of a circle and B, C, and D points along the circumference)]
 C D, then ſuppoſe the height of your Gnomon or ſub­ſtance yeilding ſha­dow, to be the line A E, which here we will ſuppoſe to be 12 foot, therefore take 12 of your e­quall diviſions from your Scale, as here I have taken 12 quar­ters for this our pur­poſe, and ſet them down from A to E, and draw the line E F parallel to A B, then ſuppoſe the length of the ſhadow to be 9 foot, for this 9 foot muſt I take 9 of the ſame diviſions as I did be­fore, and place them from E to G, by which point G, draw the line A G C, from the center A through the point G, until it cutteth the arch B F C D in the point C, ſo ſhall the arch B C be the height of the Sun deſired, which in this example will be found to be 53 degrees 8 minutes, the thing deſired.

CHAP. IIII. To finde the altitude of the Sun by the ſhadow of a Gnomon ſtanding at right angles with any perpendicular wall, in ſuch manner that it may lie parallel unto the Horizon.
[Page]
FIrſt, draw your Quadrant A B C D, as is taught in the laſt Chapter, & place the length of your Gnomon from A to E, which here we will ſuppoſe to be 12 foot as before in the laſt Chapter; then draw the line E F parallel to A B, then ſuppoſe the length of the ſhadow to be 9 foot as before, this I place from E to G, by which point G, draw the line A G C, as was formerly done in the laſt Chapter, by which we have proceeded thus far, but as in the laſt Chapter the arch B C was the height of the Sun deſired; ſo by this Chapter the arch C D ſhall be the height of the Sun, which being applyed unto your Scale, will give you 36 deg. 52 min. for the height of the Sun deſired.

CHAP. V. The Almicanter, or height of the Sun being given, to finde the length of the right ſhadow.
BY right ſhadow is meant the ſhadow of any ſtaffe, poſt, ſteeple, or any Gnomon whatſoever, that ſtand­eth at right angles with the Horizon, the one end thereof reſpecting the Zenith of the place, and the other the Nadir. Firſt, therefore according unto the third Chapter, deſcribe the Quadrant A B D, then ſuppoſe the height of [Page] your Gnomon, or ſubſtance yeilding ſhadow, to be 12 foot, as in the former Chapter: this doe I ſet down from A to E, and
[Dialling diagram]
 from the point E draw the line E F parallel to A B, then ſet the Almicanter (which here we will ſuppoſe to be 53 de. and 8 min. as it was found by the third Chapter) from B unto C, from which point C, draw the line C A, cutting the line E F in the point G; ſo ſhall E G be the length of the right ſhadow deſired, which being taken betwixt your Compaſſes, and applyed unto your Scale, will give you 9 of thoſe diviſions, whereof A E was 12, which here doth ſignifie 9 foot.

CHAP. VI. The Almicanter, or height of the Sun being given, to finde the length of the contrary ſhadow.
BY the contrary ſhadow is underſtood the length of any ſhadow that is made by a ſtaffe or Gnomon ſtanding at right angles againſt any perpendicular wall, in ſuch a man­ner that it may lie parallel unto the Horizon; the length of the contrary ſhadow doth increaſe as the Sun riſeth in [Page] height: whereas, contrariwiſe, the right ſhadow doth de­creaſe in length as the Sun doth increaſe in height. There­fore the way to finde out the length of the Verſed ſhadow is as followeth. Firſt draw your Quadrant, as is taught in the third Chapter, now ſuppoſing the length of your Gno­mon to be 12 foot, place it from A to E, likewiſe from E draw the line E F parallel to A B, as before: now ſup­poſing the height of the Sun to be 36 deg. 52 min. take it from your Scale, and place it from D to C, from which point C, draw the line C A, cutting the line E F in the point G, ſo ſhall G E be the length of the contrary ſha­dow, which here will be found to be 9 foot, the thing deſired.

CHAP. VII. Having the diſtance of the Sun from the next Equinoctiall point, to finde his Declination.
FIrſt, draw the line A B, then upon the end A, raiſe the perpendicular A D; then opening your Compaſ­ſes to the Radius of the Scale, place one foot in the center A, and with the other draw the Quadrant B C D: then ſuppoſing the Sun to be either in the 29 degree of Taurus, or in the firſt degree of Leo, both which points are 59 degrees diſtant from the next Equinoctiall point Aries. Or if the Sun ſhall be in the 29 degree of Scorpio, or in the firſt degree of Aquarius, both which are alſo 59 de­grees diſtant from the Equinoctiall point Libra, therefore [Page] take 59 degrees from your Scale, and place it from B to C, and draw the line C A, then place the greateſt decli­nation of the Sun from B unto F, which is 23 degrees 30 minutes, then
[Dialling diagram]
 fixing one foot of your Compaſſes in the point F, with the other take the neereſt diſtance un­to the line A B, which you may doe by opening or ſhut­ing of your Com­paſſes, ſtill turning them to and fro, till the moving point thereof doe only touch the line A B: this diſtance being kept, ſet one foot of your Compaſſes in the point A, and with the other make a mark in the line A C, as at E, from which point E, take the neereſt extent unto the line A B, this diſtance be­twixt your Compaſſes being kept, fix one foot in the arch B C D, moving it either upwards or downwards, ſtill keeping it directly in the arch line, untill by moving the other foot to and fro, you finde it to touch the line A B and no more, ſo ſhall the fixed foot reſt in the point G, which ſhall be the Declination of the Sun accounted from B, which in this example will be found to be about 20. degrees, the thing deſired.

CHAP. VIII. The Declination of the Sun, and the quarter of the Ecliptique which he poſſeſſeth being given, to finde his true place.
[Page]
LEt the declination given be 20 degrees, and the quar­ter that he poſſeſſeth, be betwixt the head of Aries and Cancer, firſt draw the Quadrant A D E F, then ſet the greateſt declination of the Sun upon the Chord from D unto B, which is 23 degrees and 30 minutes, then from the point B take the ſhorteſt extent unto the line A D, this diſtance being kept, ſet one foot in the point A, and with the other deſcribe the ſmall Quadrant G H I, then ſet the
[Dialling diagram]
 declination of the Sun (which in this example is 20 de­grees) from D un­to C, from which point C, take the ſhorteſt extent un­to the line A D, this diſtance being kept, place one foot in the arch line G H I, after ſuch a manner, that the other foot being turned about, may but onely touch the line A D, ſo ſhall the fixed foot ſtay upon the point H, through which point H, draw the line A H E, cutting the arch D F in the point E: ſo ſhall the arch D E be the diſtance of the Sun from the head [Page] of Aries, which here will be found to be 59 degrees, ſo that the Sun doth hereby appear to be in 29 degrees of Taurus, at ſuch time as he doth poſſeſſe that quarter of the Ecliptique, betwixt the head of Aries and Cancer.

CHAP. IX. Having the Latitude of the place, and the diſtance of the Sun from the next Equinoctiall point, to finde his Amplitude.
FIrſt, make the Quadrant A B C D, then take from your Scale 37 deg. 30 min. which here we will ſuppoſe to be the complement of the Latitude, and place it from B unto E, then taking the neereſt diſtance betwixt the point E, and the line A B, with one foot ſet in A, with the other draw the arch F G H, then place the Suns greateſt declina­tion from B unto I, from which point I, take the neereſt extent unto the
[Dialling diagram]
 line A B, which diſtance being kept, place one foot of your com­paſſes in the arch line F G H, ſo that the moving foot may but on­ly touch the line A B at the ſhorteſt extent, ſo ſhall the fixed foot reſt in the arch line F G H at G, through [Page] which point G, draw the line A G C, then ſuppoſing the Sun to be in the 29 degree of Taurus, that is 59 degrees diſtant from the next Equinoctiall point, take 59 degrees
[Dialling diagram]
 from your Scale and place them from B to L, frō which point L, take the neereſt diſtance unto the line A B, with this diſtance, ſet­ing one foot in the point A, with the other make a mark in the line A C, as at O, frō which point O, take the ſhorteſt extent unto the line A B, this diſtance being kept, fixe one foot of your Compaſſes in the arch B C D, in ſuch a man­ner, that the moving foot thereof may but only touch the line A B, ſo ſhall the fixed foot reſt in the point R, which is the Amplitude counted from B, and will be found in this example to be 34 deg. 9 min.

CHAP. X. Having the Declination and Amplitude of the Sun, to finde the height of the Pole.
FIrſt, make the Quadrant A B C D, then ſuppoſing the Amplitude to be 34 deg. 9 min. (as it was found by the laſt Chapter) take it from your Scale, and place it from B [Page] to E, then taking the neereſt extent from the point E un­to the line A B, ſet one foot of your Compaſſes in the center A, and with the other draw the arch G H I, then ſuppoſing the Sun to have 20 degrees of Declination, take them from your ſcale, and place them from B unto F, from which point F, take the ſhorteſt extent unto the line A B: this diſtance being kept, fix one foot of your Compaſſes in the arch line G H I, ſo that the other foot may but touch the line A B at the neereſt extent, ſo ſhall the fixed foot reſt at the point H, through which point H, draw the line A H C, cut­ing
[Dialling diagram]
 the arch B C D in the point C, ſo ſhall the arch B C be the height of the E­quinoctiall, and the complement thereof which is the arch C D, ſhall be the ele­vation of the Pole above the Horizon, or the diſtance of the Equinoctiall from the Zenith, which in this example will be found to be 52 degrees 30 minutes, the thing deſired.

CHAP. XI. Having the Latitude of the place, and the Declination of the Sunne, to finde his Amplitude.
FIrſt, make the Quadrant A B C D, then ſuppoſing the Latitude to be 52 degrees 30 minutes, take it [Page] from your Scale, and place it from D to E, or (which is all one) if you place the complement thereof from B to E, from which point E take the neereſt extent unto the line A B, with this diſtance, ſetting one foot of your Compaſ­ſes in the center A, with the other deſcribe the arch F G H, then ſuppoſing the declination of the Sun to be 20 de­grees, place them from B to O, from which point O, take the ſhorteſt extent unto the line A B, which diſtance be­ing kept, fixe one foot in the arch F G H, ſo that the other
[Dialling diagram]
 may but only touch the line A B at the nee­reſt diſtance, ſo ſhall the fixed foot reſt at the point G, thro­ugh wch point G draw the line A G C, cutting the arch B C D in the point C, ſo ſhall the arch B C be the Amplitude deſired, which in this example will be found to be 34 de­grees 9 minutes, as before in the 9 Chapter.

CHAP. XII. The elevation of the Pole, and the Amplitude of the Sun being given, to finde his Declination.
[Page]
FIrſt, draw the Quadrant A B C D, then ſuppoſing the Amplitude to be 34 deg. 9 min. place it from B to E, and from the point E take the neereſt extent unto the line A B, with which diſtance, ſetting one foot of your Compaſſes in the center A, deſcribe the arch G H I: then ſuppoſing the Lati­tude
[Dialling diagram]
 to be 52 deg. 30 min. place it from D to C, from which point C, draw the line C H A, cutting the arch G H I in the point H, from which point H, take the nee­reſt extent unto the line A B, with this diſtance, fixing one foot of your Com­paſſes in the arch B C D, as the other may but only touch the line A B at the neereſt extent, ſo ſhall the fixed foot reſt at the point F, which ſhall be 20 degrees diſtance from the point B, the declination of the Sun deſired.

CHAP. XIII. Having the Latitude of the place, and the Declination of the Sun, to finde his height in the Verticall Circle, or when he ſhall come to be due Eaſt or Weſt.
[Page]
FIrſt, draw the Quadrant A B C D, then ſuppoſing the Latitude to be 52 deg. 30 min, take it from your Scale and place it from B to C, then taking the neereſt extent from the point C unto the line A B, with one foot ſet in the center A, with the other deſcribe the arch G H I:
[Dialling diagram]
 then ſuppoſing the Sun to have 20 deg. of decli­nation, place it from B to O, from which point O take the ſhorteſt extent unto the line A B, with this diſtance, fixing one foot in the arch G H I, ſo that the other may but only touch the line A B at the nee­reſt extent, ſo ſhall the fixed foot reſt in the point H, through which point H draw the line A H E, cutting the arch B C D in the point E, ſo ſhall the arch B E be the height of the Sun when he commeth to be due Eaſt or Weſt, which being taken between your Compaſſes, and [Page] applyed unto your Scale, will give you 25 deg. 32 min. the thing deſired in this example.

CHAP. XIV. Having the Latitude of the place, and the Declination of the Sun, to finde the time when the Sunne cometh to be due Eaſt or Weſt.
FIrſt, draw the Quadrant A B C D, then placing the Latitude of the place (which here we will ſuppoſe to be 52 deg. 30 min.) from B to C, and draw the line C E, then with the neereſt diſtance from the point C unto the line A B, which is the line C E, ſetting one foot of your Compaſſes in the
[Dialling diagram]
 center A, with the other draw the arch G H I: then ſuppoſing the de­clination of the Sun to be 20 de­grees, place it frō B to F, from which point F, lay a rule unto the center A, and where it croſ­ſeth the line C E, there make a mark as at O, then with the diſtance O E, fix one foot of your Compaſſes in the arch G H I, after ſuch manner, that the other foot may but only touch the line A B at the neereſt extent: [Page] So ſhall the fixed foot ſtay in the point H, through which point H draw the line A H N, ſo ſhall D N be the quan­tity of time from the Meridian, when the Sun commeth to be due Eaſt or Weſt, which in degrees will here be found to be 73 deg. 30 min. and theſe converted into time (by allowing 15 degrees to an houre, and four minutes for a degree) will make foure houres and 54 minutes of an houre, that is, either at 4 a clock and 55 minutes in the af­ternoon, or at 7 a clock and 5 min. in the morning.

CHAP. XV. Having the Latitude of the place, and the Declination of the Sun, to finde what altitude the Sun ſhall have at the houre of ſix.
FIrſt, draw the Quadrant A B C D, then ſuppoſing the Latitude of the place to be 52 deg. 30 min. place it from
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 B to C, and from the point C, take the ſhorteſt extent unto the line A B, with this diſtance ſetting one foot in the center A, with the other draw the arch G H I, then ſuppoſing the de­clination of the Sun to be 20 deg. place it from B to E, and draw the [Page] line A H E, cutting the arch G H E in the point H, from which point H take the ſhorteſt extent unto the line A B, this diſtance being kept, fix one foot of your Compaſſes in the arch B C D, in ſuch ſort that the other may but only touch the line A B, ſo ſhall the fixed foot reſt in the point O, whoſe diſtance from the point B ſhall be the al­titude of the Sun at the houre of ſix, which in this exam­ple will be found to be 15 degrees 44 minutes the thing deſired.

CHAP. XVI. Having the Latitude of the place, and the declination of the Sun, to finde what Azimuth the Sun ſhall have at the houre of ſix.
FIrſt, draw the Quadrant A B C D, then ſuppoſing the Latitude to be 52 deg, 30 min. place it from D to C, and draw the line A C, then ſuppoſing the Declination to be 20 deg, place
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 it from B to E, frō which point E draw the line E G, paral­lel to A B, untill it cutteth the line A D in the point G, and with the di­ſtance A G, de­ſcribe the arch G H I, cutting the line A C in the point H, through [Page] which point H draw the line O H P, parallel to A B, then taking the length of the line G E betwixt your Compaſ­ſes, place it upon the line P O from P unto R, through which point R draw the line A R M, cutting the arch B C D in M, ſo ſhall the arch B M be the Azimuth from the Eaſt or Weſt, which is here found to be 12 degrees 30 minutes.

CHAP. XVII. The Latitude of the place, the Almicanter, and Declination of the Sun being given, to finde the Azimuth.
FIrſt, draw the Quadrant A B C D, then ſuppoſing the Latitude to be 52 deg. 30 min. ſetting it from B to C, draw the line A C, then ſuppoſing the declination of the
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 Sun to be 11 deg. 30 min. North­ward, ſet it from B to E, from which point E, take the neereſt extent un­to the line A B, and with this di­ſtance, fixing one foot in the line A C, ſo as the other may but only touch the line A B, make the mark F in the line A C: then ſuppoſing the height of the Sun to be 30 deg. 45 min. place it from B to G, from which [Page] point G, take the neereſt extent unto the line A D, and lay it down from A to N, then from the aforeſaid point G, take the ſhorteſt extent unto the line A B, and place it from A to H, in the line A C, then take the diſtance F H betwixt your Compaſſes,Here note, that if the Sun had been ſo low that the point H bad fallen betwixt the cen­ter A and the point F, then ſhould the arch D L have ſhewed the A­zimuth from the North part of the Meridian. and fix one foot in the line A C, ſo as the other may but touch the line A D, ſo ſhall the Compaſſes ſtay in the point O, from whence take the ſhorteſt ex­tent unto the line A B, with which diſtance, ſetting one foot of your Compaſſes in the point N, with the other foot deſcribe the arch I, by rhe convexity of which arch and the point A, draw the line A L, cutting the arch B C D in the point L, ſo ſhall the arch B L be the Azimuth from the Eaſt or Weſt, and the arch L D the Azimuth from the South, which in this example will be found to be 66 deg. 43 min. the true Azimuth from the South: this is to be underſtood when the Sun hath North Declination.
But if the Sun hath South Declination, then draw the following Quadrant A B C D, and ſet 52 deg. 30 min. from B to C, for the elevation of the Pole, and draw the line C A, then ſuppoſing the Sun to have 11 deg. 30 min. of South declination, place it from B to E, and from the point E, take the neereſt extent unto the line A B, with which diſtance, fix one foot in the line A C, ſo as the o­ther foot may but only touch the line A D, and where the fixed foot ſo reſteth, there make a mark, as at F: then place the height of the Sun, which here we will ſuppoſe to be 13 deg. 20 min. from B to G, from which point G, take [Page] the neereſt extent unto the line A D, and place it from A unto N in the line A B, then take the neereſt extent from the former point G unto the line A B, with this diſtance fix one foot in the line A C, ſo as the other may but only
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 touch the line A D, and where the fixed foot ſo reſteth, there make a mark, as at O, frō which point O take the ſhorteſt extent unto the line A B, and place it from F to H, then with the diſtance HA, ſetting one foot in the point N, with the other deſcribe the arch line I, by the convexity of which arch line, and the center point A, draw the line A L, cutting the arch B C D in the point L, ſo ſhall the arch D L be the Azimuth of the Sun from the South, which here will be found to be 49 deg. 49 min. the thing deſired.

CHAP. XVIII. The Latitude of the place, the Declination of the Sun, and the Altitude of the Sun being given, to finde the houre of the day.
FIrſt, draw the Quadrant A B C D, then ſuppoſing the Latitude to be 52 deg. 20 min. place it from B unto C, and draw the line A C, then place the declination of the [Page] Sun (which here let be 11 deg. 30 min. South) from B un­to E, from which point E, take the neereſt extent unto the line A B, this diſtance place from A to F in the line A C, through which point F draw the line P F O parallel to A B, then from the aforeſaid point E, take the ſhorteſt extent unto the line A D, which lay down from A to R in the line A B: then ſuppoſing the altitude of the Sun to be 15 deg. 24 min.
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 place it from B un­to H, from which point H take the ſhorteſt extent un­to the line A B, & place it in the line A D from D unto I, and take the di­ſtance A I, with which diſtance fix one foot in the line A C ſo as the other may but juſt touch the line A D, and where the fixed foot ſhall reſt, make a mark as at N, then with the diſtance A N, place one foot in R, with the other draw the arch L, by the convexity of which arch line and the center A, draw the line A G, ſo ſhall the arch B G give the time from the houre of ſix, and D G the time from noon, which in this example will be found to be 45 deg. which in time makes 3 houres; ſo that in the Latitude of 52 deg. 20 min. the Sun having 11 deg. 30 min. of South declination, & the altitude in the morning to be 15 deg. 24 min. it will appear to be 9 a clock; but in the afternoon it would have been 3 a clock.
[Page]
But if the declination had been North, then the diſtance from the point H to the line A B, ſhould have been placed from the center A towards the point I, and the diſtance I P taken inſtead of A I, as by the next figure I will make more plaine.
Firſt, draw the Quadrant A B C D as before, then place the Latitude 52 deg. 20 min. from B to C, and draw the line A C, then let the declination be 11 deg. 30 min. as before, place it from B to E, from which point E take the neereſt diſtance unto the line A B, and place it from A to F in the line A C, and through the point F, draw the line O P parallel to A B, then from the aforeſaid point E, take the ſhorteſt extent unto the line A D, and place it in the line A B from A unto R: then the altitude of the Sun being obſerved in the morning to be 42 degrees 33 min.
[Dialling diagram]
 I place it from B to H, from which point H take the neereſt extent un­to the line A B. Now ſeeing the declination of the Sun is ſuppoſed to be Northward, therefore place this laſt diſtance from the center A unto I, and take the diſtance P I, with which di­ſtance fix one foot in the line A C, ſo as the other may but only touch the line A D, and where the fixed foot ſhall [Page] ſo reſt, there make a mark as at N, then with the diſtance A N, place one foot in the point R, and with the other draw the arch line L, by the convexity of which arch line and the center A, draw the line A G, cutting the arch B C D in the point G, ſo ſhall the arch B C give the quan­tity of time from the houre of ſix, and the arch D G the quantity of time from the Meridian, which in this exam­ple will be found to be about 30 degrees, that is in time two houres; ſo that the obſervation being before noon as here, it will be 10 a clock, if it had been in the afternoon it would have been two a clock.
And here note, that if the altitude of the Sun had been ſo ſmall that the point I had falne betwixt the center A and the point P (which is the altitude of the Sun at the houre of ſix) then ſhould that part of the arch B C D towards B give the quantity of time, either before ſix in the morning, or after ſix in the evening.

CHAP. XIX. Having the Azimuth, the Suns Altitude, and the Declination, to finde the houre of the day.
FIrſt, draw the Quadrant A B C D, then ſuppoſing the Sun to have 11 deg. 30 min. declination, place it from B to E, and from the point E take the ſhorteſt ex­tent unto the line A D, with which diſtance, place one foot in the center A, and with the other deſcribe the arch G H I, then let the Azimuth be 66 deg. 43 min. as it was found by the former part of the 17 Chapter, which place from B to F, and from the point F take the neereſt extent unto the line A B, which diſtance place from G to H, in [Page] the arch G H I, through which point H draw the line A H C, then the altitude of the Sun being 30 deg. 45 min. place it from B to L, and from the point K take the nee­reſt
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 extent unto the line A D, with which diſtance, ſet­ting one foot in the center A, with the other deſcribe the arch NR, then with the diſtance NR, fix one foot in the arch line B C D, ſo as the other may but only touch the line A B, ſo ſhall the fixed foot reſt in the point M, and the arch B M ſhall ſhew the houre from the Meridian, which will be found in this example to be 53 deg. 40 min. that is three houres, and ſomthing better then 34 min. from the Meridian.

CHAP. XX. Having the houre of the day, the Suns altitude, and the declination, to finde the Azimuth.
FIrſt, make the Quadrant A B C D, then ſuppoſing the declination of the Sun to be 11 deg. 30 min. North as before, place it from B to E, then ſuppoſe the altitude of the Sun to be 30 deg. 45 min. place it from B to L, from which point L, take the ſhorteſt extent unto the line [Page] A D, with this diſtance, ſetting one foot in the center A, deſcribe the arch N R, now let the arch for the houre be 53 deg. 40 min. as it was found by the laſt Chapter, this ſet from B unto M, and from the point M take the ſhorteſt extent unto the line
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 A B, and place it from N to R, in the arch N R, and by the point R, draw the line A R C, then from the point E take the neereſt ex­tent unto the line A D, with which di­ſtance upon the center A, draw the arch G H, then with the diſtance G H, fix one foot in the arch B C D, ſo that the other may but touch the line A B, then will the fixed foot reſt in the point F, and the arch BF wil ſhew the Azimuth from the South, which in this example will be found to be 66 deg. 43 min. the thing deſired.

CHAP. XXI. Having the Latitude of the place, and the Declination of the Sun, to finde the Aſcenſionall difference.
FIrſt, draw the Quadrant A B C D, then place the Latitude (which here let be 52 deg. 30 min.) from D to C, & draw the line COP parallel to AD, then with the [Page] diſtance C P, upon the center A, deſcribe the arch G H I, then place the declination, being 20 degrees, from B to F, then lay your rule from the center A upon the point F,
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 and draw F O, cut­ting C P in the point O, through which point O draw the line O H R, cutting the arch G H I in the point H, through which point H draw the line A H E, cutting the arch B C D in E, ſo ſhall the arch B E be the diffe­rence aſcenſionall, and will be found in this example to be 28 deg. 19 min. which reſolved into time doth give one houre, and ſomthing better then 53 min. for the difference betwixt the Suns riſing or ſetting, and the houre of ſix, according to the time of the yeare.

CHAP. XXII. Having the Declination of the Sun to finde the Right Aſcenſion.
FIrſt, deſcribe the Quadrant A B C D, then place the greateſt declination of the Sun from B to E, and draw the line E P parallel to A D, and with the diſtance E P, with one foot in A, deſcribe the arch G H I, then ſet the [Page] Declination of the Sun given 20 degrees, from B unto F, and laying your Rule upon the center A and the point F, draw the line F O
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 cutting E P in O, through which point O draw the line O H R parallel to A B, cutting the arch G H I in H, and through the point H draw the line A H C, cutting the arch B C D in the point C, ſo ſhal B C be 56 deg. 50 min. the right Aſ­cenſion deſired.

CHAP. XXIII. Having the Right Aſcenſion of the Sun or Star, together with the difference of their Aſcenſions, to finde the Oblique Aſcenſion.
THe right Aſcenſion of any point of the heavens being known, the difference of the Aſcenſion is either to be added thereunto, or elſe to be ſubſtracted from it, accor­ding as the Sun or Star is ſcituated in the Northern or Southern Signes. As for example: If the Sun be in any of theſe ſix Northern Signes Aries, Taurus, Gemini, Cancer, Leo, or Virgo, then the difference of the Aſcenſions is to be ſubſtracted from the right Aſcenſion, and the remainder [Page] is the Oblique Aſcenſion; therefore let the fourth degree of Gemini be given, the Right Aſcenſion whereof is found to be 62 degrees, or 4 houres, and 8 min. and the diffe­rence of Aſcenſion (where the Pole is elevated 52 deg. 30 min.) is 30 deg. 3 min. or in time, 2 houres and ſom­thing better, which being taken from the Right Aſcenſion, leaves 2 houres and 8 min. or 32 deg. 5 min. which is the Oblique Aſcenſion of the Sun in the fourth degree of Ge­mini. But if the Sun be upon the South ſide of the E­quinoctiall, either in Libra, Scorpio, Sagitarius, Capricornus, Aquarius, or Piſces, then the difference of the Aſcenſions is to be added unto the right Aſcenſion, and the ſum of them both will be the Oblique Aſcenſion. As ſuppoſe the fourth degree of Sagitarius to be given, the Right Aſ­cenſion whereof is found to be 242 degrees, or 16 houres 8 min. and the difference of Aſcenſions is 30 deg. 3 min. or 2 houres, which being added unto the Right Aſcen­ſion, doth make 18 houres 8 min. or in degrees, 272 deg. 3 min. which is the Oblique Aſcenſion of the Sun in the fourth degree of Sagitarius. But if you would finde the Oblique Deſcenſion, you muſt work directly contrary to theſe Rules given.

CHAP. XXIV. How to finde the Altitude of the Sun without Inſtrument.
IN the third Chapter of this Book it is ſhewed how to finde the Altitude of the Sun by a Gnomon ſet perpen­dicular to the Horizon, but ſeeing the ground is ſo unlevel it is not ſo ready for this our purpoſe, and perhaps ſome [Page] may have occaſion to finde the altitude of the Sun, and thereby the Azimuth or houre of the day, according to the 17 or 18 Chapters, and yet may be unprovided of In­ſtruments to perform the ſame, or at leaſt may be abſent from them, therefore it will not be un-needfull to ſhew the finding of the ſame without the Gnomon or other Inſtru­ment.
Take therefore a Trencher, or any ſimple boards end, of what faſhion ſoever, ſuch as you can get, make thereon two pricks, as A and B, then prick in a pin, naile, or ſhort wire in one of
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 the points, as at A, where­upon hang a threed with a plūmet, then lift up this board toward the Sun, till the ſhadow of the pin at A, come directly on the point B, and direct­ly where the threed then falleth, there make a mark as at E, under the threed, then with your Rule and Compaſſe draw the lines A B and A E, and finde the angle B A E (by the ſecond Chapter) for that is the complement of the altitude of the Sun: or, when you have drawn A B and A E, you may make the Quadrant B A F by the third Chap­ter, and then the angle E A F ſhall be your altitude de­ſired.

CHAP. XXV. How to finde out the Latitude of a place, or the Poles elevation above the Horizon, by the Sunne.
[Page]
SEeing that throughout this Book, the Latitude of the place is ſuppoſed to be known, when as every one per­haps cannot tell which way to finde it out, therefore it will not be un-needfull to ſhew how it may be readily at­tained, ſufficiently for our purpoſe.
Firſt, therefore you muſt get the Meridian Altitude, which you may doe by obſerving diligently about noon a little before, and a little after, ſtill obſerving untill you perceive the Sun to begin to fall again, then marking what was his greateſt altitude, will ſerve for this our preſent purpoſe.
Having gotten the Meridian altitude by this, and the Declination by the ſeventh Chapter, you may finde the Latitude of the place, or the elevation of the Pole above the Horizon after this manner. If the Sun hath North Declination, then ſubſtract the Declination out of the Meridian altitude, and the remainder ſhall be the height of the Equinoctiall. But if the Sun hath South Decli­nation, then adde the Declination to the Meridian altitude, ſo ſhall the ſum of them give the altitude of the Equinocti­all, which being taken out of the Quadrant or 90 degrees, leaveth the Latitude of your place, or the elevation of the Pole above your Horizon.
As for example, upon the firſt day of May 1650, the [Page] Meridian altitude of the Sun being obſerved to be 55 deg. 35 min. upon which day I finde the Suns place to be in 20 deg. 48 min. of Taurus, and the declination 18 deg. 00 min. and becauſe the Declination is North, I ſub­ſtract 18 deg. 00 min. out of the Meridian altitude 55 deg. 35 min. and there remains 37 deg. 35 min. the height of the Equinoctiall, and this taken out of 90 degrees, leaveth 52 deg. 25 min. for the Latitude of Thuring.
But it may be required ſomtimes for you to make a Di­all for a Town or Countrey whoſe Latitude you know not, neither can come thither conveniently to obſerve it. Here is therefore added a Table ſhewing the Latitude of the moſt principall Cities and Towns in England, ſo that being required to make a Diall for any of thoſe places, you need but look in your Table, and there you have the La­titude thereof. But if the Town you ſeeke be not in the Table, looke what Town in the Table lies neere unto it, and make your Diall to that Latitude, which will occaſi­on little difference.

A TABLE ſhewing the Latitude of the moſt principall Cities and Towns in ENGLAND.
[Page]
	Names of the places.	Latitude	Names of the places.	Latitude
	d	m	d	m
	St. Albons	51	55	Hull	53	50
	Barwick	55	49	London	51	32
	Bedford	52	18	Lancaſter	54	8
	Briſtol	51	32	Leiceſter	52	40
	Boſton	53	2	Lincolne	53	15
	Cambridge	52	17	Newcaſtle	54	58
	Cheſter	53	20	Northampton	52	18
	Coventry	52	30	Oxford	51	54
	Chicheſter	50	56	Shrewsbury	52	48
	Colcheſter	52	4	Warwick	52	25
	Darby	53	6	Wincheſter	51	10
	Grantham	52	58	Worceſter	52	20
	Halifax	53	49	Yarmouth	52	45
	Hereford	52	14	York.	54	0



The end of the ſecond Book.


THE THIRD BOOK. Shewing Geometrically how to deſcribe the Houre-lines upon all ſorts of Planes, howſoever, (or in what Latitude ſoever) ſcituated, two manner of wayes, without exceeding the limits of the Plane.
[Page]
CHAP. I How to examine a Plane for a Horizontall Diall.
FOraſmuch as it is neceſſary be­fore the drawing of any Diall, to know how your plane is al­ready placed, or how it ought afterwards to be placed; it is therefore expedient to ſhew how it may be attained unto without the help of a Quadrant, (or any ſuch like Inſtrument) which for this purpoſe is very uſefull.
[Page]
Firſt, take any board that hath one ſtreight ſide, and an inch or more from the ſtreight ſide, draw a line parallel thereto, about the middle of which line erect a perpendi­cular line, and at the center, where theſe two lines meet, cut out a hollow piece from the edge of the parallel line for a plummet to hang in: then if your plane ſeem to be levell with the horizon, you may try it by applying the ſtreight ſide of your board thereunto, and holding the perpendicular line upright, and holding a threed and
[Dialling diagram]
 plummet in your hand, ſo as the plummet may have free play in the hole; for then if the threed ſhall fall on the perpendicular line, which way ſoever you turn the board, it is an horizontall plane.
As for example, let the figure A B C D be a plane ſuppoſed to ſtand levell with the Horizon, and for to try the ſame, I take the ſimple boarde GOH, ha­ving one ſtreight ſide, as G H, then drawing a pa­rallel thereto, I croſſe it at right angles with the per­pendicular O E, and at the point of interſection I cut out a little bit as at E, for the plummet to play in, then applying the ſide G H to the plane, with holding the perpendicular O E upright, and holding a threed with a plummet to play in the hole E, and [Page] finding the threed to fall directly on the perpendicular E O, which way ſoever I turn the board, I therefore con­clude it to be a horizontall plane.

CHAP. II. Of the trying of Planes, whether they be Erect or Inclining, and to finde the quantity of Inclination.
FOr the diſtinguiſhing of planes, becauſe their inclinati­on and declination may be diverſe, we will conſider three lines belonging to every plane: the firſt is the Ho­rizontall line; the ſecond the perpendicular line, croſſing the horizontall at right angles; the third is the Axis of the plane, croſſing both the horizontall line, and his per­pendicular, and the plane it ſelfe, at right angles; the ex­tremity of which Axis may be called, the pole of the planes horizontall line.
The perpendicular line doth help to finde the inclinati­on, the horizontall line with his Axis to finde the Decli­nation, and the pole of the planes horizontall line, to give denomination unto the plane.
When the plane ſtandeth upright, pointing directly into the Zenith, it maketh right angles with the Horizon, and is therefore called an erect plane, and a plumb line drawn thereon is called a Verticall line; as in this figure, the plane G H L I is erect, & the line H I is the Verticall line.
Now for the trying of this plane, if you apply the ſtreight ſide of your board vertically thereto, as here you ſee done in the figure C, and either hanging a threed and plummet in the point M, or holding up a threed and plummet with your hand, you finde the threed [Page] to fall directly on the parallel line M N it is an erect plane, but if the threed will croſſe the line M N, it is no erect plane, but inclineth to the Horizon.
And if you finde your plane to be erect, you may by applying your board thereto, with the threed and plum­met falling on the parallel line M N, draw the verticall line H I by the edge of your board, the verticall line being drawn, you may croſſe it at right angles with the line G L, which ſhall be levell with your Horizon, and therefore called the horizontall line of the plane.
If the plane ſhall be found to incline to the horizon, you may finde out the inclination after this manner.
Apply your board to the plane, as you ſee here by the figure B, in the plane F K E H, then holding up a threed and plummet that it may fall upon the perpendicular line O E, and turning about your board, till the ſtreight ſide thereof lie cloſe with the plane, and the threed fall on the perpendicular line O E, ſo the line drawn by the ſtreight ſide of the board, ſhall be an horizontall line, which here in this figure will be the line F E.
This being done, croſſe the horizontall line at right an­gles with the perpendicular H K, then ſet the ſtreight ſide of your board upon the line H K, which is perpendicular to the horizontall line, with holding the board up right, and holding up a threed and plummet, ſo that it may have free courſe to play by the ſide of the board, which it may have by letting the plummer fall within the hole, a little below X in the figure A: the threed thus hanging, mark two points directly under it, the one at X where the threed croſſeth the parallel line on the board, the other at T, at the upper ſide thereof, and ſo by drawing the line T X, you have the angle T X V, which is called the angle of Recli­nation, [Page] and it is the angle contained betwixt the plane and the verticall line paſſing from the Zenith to the Nadir, the complement of which angle is the inclination of the plane, and it is the angle that the plane maketh with the Horizon, the thing here deſired.
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By what is ſaid here of finding the inclination of the upper face, the inclination of the under face may ſoon be had, ſeeing they are both of one quantity in themſelves, therefore, if you apply the ſtreight ſide of your board to [Page] the perpendicular line of the under face, and hang the threed and plummet in any part of the parallel line, the angle that is made by that parallel line and the threed, ſhall be the complement of the angle of the inclination of the plane to the Horizon.

CHAP. III. To finde out the Declination of a Plane.
THe Declination of a plane is alwayes reckoned in the Horizon, and it is the angle contained between the line of Eaſt & Weſt, & the horizontall line upon the plane.
For the finding out of this Declination, firſt, take any board that hath but one ſtreight ſide, and draw a line pa­rallel thereto, as was done in the firſt Chapter, and having drawn an horizontall line upon your plane, apply the ſtreight ſide of your board thereunto, holding it parallel to the Horizon, as in the figure of the laſt Chapter, where the board D is applyed to the horizontall line G L, then the Sun ſhining upon the board, hold out a threed and plummet, ſo as the threed being verticall, the ſhadow of the threed may croſſe the parallel line S P upon the board, in which ſhadow make two points, the one where the ſha­dow croſſeth the parallel, as at P, the other about R, ſo have you the angle S P R, which is made between the horizontall line of the plane, and the Azimuth wherein the Sun is at the time of obſervation: at this ſame inſtant, or as neere as may be, muſt you take the Altitude of the Sun; theſe two being done diligently, wil help you to the planes Declination as followeth.
Firſt, deſcribe the Circle B C D E, which ſhall repre­ſent the Horizontall Circle, and draw the diameter B A C, repreſenting the horizontall line of the plane, in the laſt chapter ſet out by the line G L, then having found S P R [Page] in the laſt Chapter (which is the angle made by the hori­zontall line of the plane, and the Azimuth wherein the Sun was at that time of obſervation) to be about 24 deg. 10 min. I place it here from B the Weſt end of the hori­zontall line to G
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 Southwards, be­cauſe the angle was taken at that end of the line, at which inſtant the altitude of the Sun (by the 24 Chapter of the ſecond Book) being found to be 13 deg. 20 m, having 11 deg. 30 min. South Declination, it will, by the 17 Chapter of the ſaid ſecond Book, be made to appear, that the Azimuth of the Sun is 40 deg. 11 min. from the Weſt toward the South, and therefore the Weſt point is 40 deg. 11 min. from the Sun towards the North; Now taking this 40 deg. 11 min. and placing them from G the place of the Sun at the time of obſervation, to H Northwards, you ſhall have the true Weſt point, and if you draw the line H R, it ſhall repreſent both Eaſt and Weſt, & croſſing the line H R at right angles, in the center A, you ſhall have the line D E for the North and South; & if you croſſe the horizontall line B A C in the point A, at right angles with the line S N, it ſhall be the Axis of the plane, the two poles whereof S and N, ſhall be the poles of the planes horizontall line.
[Page]
Now the angle of declination here required, is the an­gle B A H, or E A S, for look how much the horizontall line of the plane declineth from the line of Eaſt and Weſt, ſo much doth the poles of the planes horizontall line de­cline from the North and South towards either Eaſt or Weſt, either of which angles in this example will be found to be about 16 deg. the declination of the plane from the South point E, Eaſtward.

CHAP. IV. How to draw the Meridian line upon an Horizontall plane, the Sun ſhining thereon.
IF your plane be levell with the Horizon, deſcribe there­on a Circle as B C D E, then holding up a threed and plummet, ſo as the threed being verticall, the ſhadow there­of may fall upon the center A, and draw the line of ſhadow
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 C E, then take the altitude of the Sun at the ſame inſtant (or as neere as may be) and by the 17 Chapter of the former Book get the Azimuth of the ſun, which let be (as in that example it was found) 66 deg. 43 min. from the [Page] South towards the Eaſt, this 66 deg. 43 min. I place from E the point of the ſhadow Southwards to B, and draw the line B A D, which is the meridian line deſired.

CHAP. V. Of making the Equinoctiall Diall.
AN Equinoctiall plane is that which is parallel to the Equinoctiall Circle of the Sphere, and therefore ha­ving drawn the horizontall line B C, and croſſed it with the perpendicular D E, at right angles in the point A, if by
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 [Page] the ſecond Chapter you ſhall finde the inclination of the plane towards the South to be equall to the complement of your Latitude, and by the third Chapter you finde the horizontall line directly in the line of Eaſt and Weſt, and ſo to have no declination, you may be ſure this plane is parallel to the Equinoctiall Circle, and is therefore called an Equinoctiall plane.
This Diall is no other then a Circle divided into 24 e­quall parts, by which diviſions and the center A, you may draw ſo many houre lines as ſhall be neceſſary. As you may ſee here done in the Circle B D C E, which is divided equally into 24 equall parts, and houre lines drawn from the center A to ſo many of them as is needfull, the line D E, which is the line of inclination, is the Meridian or 12 of clock line: his Stile is no more but a ſtreight pin or wire plumb erected in the center.
This Diall, though, of all other, he be the ſimpleſt, yet is he mother to all the reſt, for out of him, as from a root, is derived the projectment of thoſe 24 houre lines on any other great Circle or plane whatſoever.

CAAP. VI. The drawing of a Diall upon the direct Polar Plane.
A Direct Polar plane, is that which is parallel to the Circle of the houre of ſix, therefore, having drawn the horizontall line A B, rnd croſſed it at right angles a­bout the middle of the line at C, with the perpendicular C E, if you ſhall finde the planes inclination towards the North to be equall to the Latitude of the place, and the horizontall line directly in the line of Eaſt and Weſt, and [Page] ſo to have no declination, you may be ſure this plane lyeth parallel to the houre of ſix, and is therefore called a Polar plane. The horizontall line being drawn at the length of the plane, divide it into ſeven equall parts, and ſet down one of them in the line of inclination from C unto D, and upon the center D deſcribe the Equinoctiall Circle, which you may divide into 24 equall parts if you will, but one quarter thereof into ſix will ſerve as well: then at the
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 diſtance C E draw the line F G parallel to A B: Then having divided the Equator either into 24 equall parts, or one quarter thereof into ſix, you may by a rule laid upon the center D, and each of thoſe ſix parts, make marks in the horizontall line A B (which here is inſtead of the contin­gent line) as you may ſee by the pricked lines, theſe di­ſtances from the Meridian, being applyed upon the ſame line on the other ſide of the Meridian, and alſo on both ſides the Meridian in the upper line, the lines drawn from point to point, parallel to the Meridian C E, ſhall be the houre lines, the line C E ſhall be the Meridian line, the houre of 12, and muſt alſo be the ſubſtilar line, whereon the ſtile muſt ſtand, which may be a plate of iron or ſome other metall, being ſo broad as the ſemidiameter of the Circle is, as is ſhewed in the figure. This ſtyle muſt be [Page] placed along upon the line of 12, making right angles therewith, the upper edge whereof muſt be parallel to the plane; ſo ſhall it caſt a true ſhadow upon the houre lines. The under face of this Polar plane, and alſo of the former Equinoctiall plane, is made altogether like unto the upper faces here deſcribed, without any difference at all.

CHAP. VII. The making of an erect Meridian Diall.
A Meridian plane is that which is parallel to the Meridi­an Circle of the Sphere; therefore having drawn the horizontall line A B, and finding it to decline 90 deg. from the South, the plane being erect, I conclude it to lie paral­lel to the Meridian Circle of the Sphere, and is therefore called a Meridian plane.
The horizontall line being drawn, at the North end thereof as at A, make an angle equall to the elevation of the Equinoctiall, which is in this example 37 deg. 30 min. and draw the line A C D ſo long as your plane will give you leave, making an angle in the point A equall to the Equinoctials height, ſo ſhall the South end of this line behold preciſely the Equinoctiall Circle, this line divide into five equall parts, and with the ſame wideneſſe of the Compaſſes, with one foot in E (which is the fourth divi­ſion from A, or the firſt from D) deſcribe the Circle D H, through the center whereof draw a Diameter, cutting the former Diameter D H at right angles in the center E, this Diameter ſhall lie parallel to the Axl [...]tree of the world, and be the line for the houre of ſix, then at the out-ſides of the Circle draw two touch lines, one beneath, the other above the Circle, ſo that they may be both parallel to the [Page] middle line, then divide one quarter of the Circle into ſix equall parts, and place the Rule upon the center E, and each of thoſe parts, mark where it toucheth the line of con­tingence; as here you may ſee it doth in the points 7, 8, 9, 10, and 11, from which points, if you draw lines parallel to the line of ſix, they ſhall be the houre lines here deſi­red, and ſhall be parallel one to the other: the diſtance betwixt 6 and 7 is the ſame with 6 and 5, and the di­ſtance
[Dialling diagram]
 between 6 and 8 is the ſame with the diſtance betwixt 6 and 4, and ſo you have all the houre points in the upper touch line, and if you transfer theſe diſtances from the houre of ſix into the other touch line likewiſe from the line of ſix, you may the better by the oppoſite points draw the lines parallel to the line of ſix.
[Page]
For the ſtyle of this Diall it may be either a plate of ſome metall, being ſo broad as the ſemidiameter of the cir­cle is, and ſo placed perpendicularly along over the line of the houre of ſix, the upper edge thereof being parallel to the plane, or it may be a ſtreight pin fixed in the center of the circle, making right angles with the plane, being juſt ſo long as the Semidiameter of the Circle is, only ſhewing the houre with the very top or end thereof.
[Dialling diagram]
This plane hath two faces, one to the Eaſt, the other to the Weſt, the making whereof are both alike, only in na­ming the houres, for the one containeth the houres for the forenoon, and the other for the afternoon, as you may perceive by the figures.

CHAP. VIII. To draw a Diall upon an Horizontall plane.
[Page]
AN Horizontall plane is that which is parallel to the Horizontall Circle of the Sphere, which being found by the firſt Chapter to be levell with the Horizon, you may by the fourth Chapter draw the Meridian line A B ſerving for the Meridian, the houre of 12, and the ſubſti­lar: in this Meridian make choice of a center as at C, through which point C draw the line D E, croſſing the Meridian at right angles, this line ſhall be the line of Eaſt and Weſt, and is the ſix a clock line both for morning and evening.
Then by the ſecond Chapter of the ſecond Book draw the line S C; making the angle S C A equall to the Lati­tude of the place, which here we will ſuppoſe to be 52 deg. 30 min. this line ſhall repreſent the cock of the Di­all, and the Axletree of the World, then at the North end of the Meridian line, draw another line as F G, croſſing the Meridian in the point A at right angles, this line is called the Touch-line, or line of contingence. Then ſet one foot of your Compaſſes in the point A, and with the other take the neereſt extent unto the line S C or the Stile, with this diſtance turning your Compaſſes about, with one foot ſtill in the point A, with the other make a mark in the Meridian as at I, which ſhall be the center of the Equinoctiall, upon which deſcribe the Equinoctiall Circle A D B E, with this ſame diſtance, ſetting one foot in the point A, make a mark [...] F on the one ſide of the [Page] Meridian, and another at G on the other ſide thereof, both which muſt be in the line of Contingence, by which two points, and the center C, you may draw the houre lines of 3 and 9.
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This ſame diſtance of your Compaſſes being kept, with one foot ſtill in the center A, with the other make the marks T and V in the Equinoctiall Circle, each of which diſtances is an arch of 60 degrees, or four houres of time, the halfe of which arch is 30 degrees, or two houres from the Meridian, this divided in the halfe will be 15 deg. or one houre from the Meridian; then laying your rule upon [Page] the center I of the Equinoctiall, and upon theſe two laſt diviſions in the circle thereof, where the rule ſhall touch the line of contingence, there mark it as at H and O, by which points and the center C, you may draw the hour­lines of 10 and 11; the like may you do on the other ſide of the meridian, ſo have you ſix of your hour-lines drawn: and now becauſe the contingent will out-run our plane, we may from the interſection of the houres of 9 and 3 with the touch line draw the lines F D and G E parallel to the meridian A B, untill they cut the line of Eaſt and Weſt in the points D and E, then draw the lines A D and A E, this being done, ſet one foot of your compaſſes in the point H, and with the other take the neereſt extent unto the line A E; this diſtance being kept, fix one foot in the line G E, ſo as the other may but touch the line A E; ſo ſhall the fixed foot reſt in the point N, by which and the center C, you may draw the 7 a clock hour-line: in like manner may you place one foot in the point O, and with the other take the ſhorteſt extent unto the line A E, with this diſtance fixing one foot in the line G E, ſo as the other may but onely touch the line A E; ſo ſhall the fixed foot reſt in the point R, by which and the center C you may draw the 8 a clock hour-line, the like may be done on the other ſide of the meridian, or you may by theſe di­ſtances thus found prick out the like on the other ſide of the meridian.
Thus by dividing but half a quarter of the Equinoctiall Circle into three equall parts, you may deſcribe your whole Diall.
And whereas in Summer, the 4 and 5 in the morning, and alſo 7 and 8 at evening, ſhall be neceſſary in this kind of Diall: prolong or draw the lines of 4 and 5 at evening [Page] beyond the center C, and they ſhall ſhew the hour of 4 and 5 in the morning, and likewiſe the 7 and 8 in the mor­ning for 7 and 8 at evening.
What is here ſpoken concerning the hours, the like is to be done in drawing the half hours, as well in this kinde as in all them which follow.
The ſtyle muſt be fixed in the center C, hanging direct­ly over the meridian line A C, with ſo great an angle as the lines S C A maketh, which is the true pattern of the cock.
This and all other kinds of Dials may be drawn upon a clean paper, and then with the help of your compaſſes pla­ced on your plane.

CAAP. IX. To draw a Diall upon an erect direct verticall Plane, com­monly called a South or North Diall.
A Verticall plane is that which is parallel to the prime verticall Circle, it hath two faces, one to the South the other to the North; therefore having drawn the Ho­rizontall line A B, and from the middle thereof let fall the perpendicular C D, which if you finde by the ſecond Chapter to be erect, and the Horizontall line A B to lie in the line of Eaſt and Weſt, and ſo to have no declination, you may be ſure this plane is parallel to the prime verti­call Circle of the Sphere, and therefore is called a verti­call plane.
This perpendicular C D ſhall ſerve for the meridian, the hour of 12, and the ſubſtilar line, which is the line over which the Stile or Gnomon in your Diall directly hang­eth.
[Page]
The Horizontall line A B ſhall ſerve for the hour-lines of ſix, both for morning and evening.
Then (by the ſecond Chapter of the ſecond Book) draw the line S C, making the angle S C D equall to the Lati­tudes complement, which in this example is 37 degr. 30 minutes, this line S D ſhall repreſent the axletree of the world, and if you draw the line S D ſquare to the meridian, you ſhall have the Triangle S C D for the true pattern of your Dials cock: then croſſe the meridian (in ſome point thereof as at E) at right angles, with the line F G, ſerving for the touch-line, then taking the ſhorteſt extent from the point E unto the line S C, place it in the meridian from E to I, which point ſhall be the center of the Equi­noctiall Circle, therefore upon the center I, deſcribe the circle A E B for the Aequator: this diſtance of your com­paſſes being kept, ſet one foot in the point E, and with the other ſet out the equall diſtances E G and E F in the con­tingent line, which ſhall be the points thorow which you muſt draw the hour-lines of 9 and 3 from the point C, the centre of the Diall; the ſame diſtance of your compaſſes being ſtill kept, with one foot in the point E, with the other make a mark in the Equinoctiall Circle as at H. So ſhall the arch E H contain 60 degr. or four hours of time, which arch you may divide into four equall parts, and by laying your rule upon the center I, and thoſe two diviſions next the meridian C D you may make two marks in the line of contingence, as at N and O; thorow which two points, and from the center C may you draw the hour-lines of 10 and 11, and now becauſe the touch-line will out-run the plane, you may from the interſections of the hour-points of 9 and 3 in the line of contingence, draw the lines A F and B G parallel to the meridian C D, untill [Page] they cut the Horizontall line A B, then draw the lines A E and B E, this being done, ſet one foot in the point O, and with the other take the ſhorteſt extent unto the
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 line A E: with this diſtance ſet one foot in the line A F, ſo as the other may but touch the line A E at the neereſt extent, and the fixed foot ſhall reſt in the point T, by which and the center C, you may draw the 7 a clock hour-line: in like manner may you place one foot in the point N, and with the other take the ſhorteſt extent unto [Page] the line A E, with which diſtance fix one foot in the line A F, as that the other being turned about, may but onely touch the line A B, ſo ſhall the fixed foot reſt in the point V, by which and the center C, you may draw the 8 a clock hour-line, or you may extend the line A B a little beyond the points A and B, and take the diſtance E O, and ſet it from A to R, or from B to R, then lay a Rule upon the points R and O, and where you ſhall ſee it croſſe either the line A F or B G, there make a mark as at T, which ſhall be the point, thorow which the hour of 7 or 5 muſt be drawn from the center as before, ſo likewiſe may you take the diſtance E N, and ſet it from A to P and from B to P, and laying your Rule upon the two points P and N, where you ſhall ſee it croſſe the lines A F or B G, there make a mark as at V, which ſhall be the point for the hour of 8 or 4; this is in effect no more but to draw a line paral­lel to the line A E or B E by the point O, and this line ſhall cut the line A F or B G in the point T, which ſhall be the points for the hour of 7 or 5 as before: and ſo you may by the point N draw a line parallel to the line A E or B E, and where it ſhall croſſe the line A F or B G, there make a mark as at V, which ſhal be the points for the hour of 8 or 4.
Thus you may ſee, that by dividing the Radius of the Equinoctiall Circle into four equall parts, you may de­ſcribe your whole Diall, if it hath no declination; for ha­ving with this Radius pricked out the lines of 3 & 9, & pla­ced the lines for 10 and 11, theſe two diſtances from the hour of 12 ſhal give the like for the hour of 1 & 2 on the o­ther ſide of the meridian, and having drawn the lines for 7 & 8 by the former rules, you may take their diſtances from the hour of 6, and place them on the other ſide of the Diall from 6 to 5 & 4: ſo have you all your hour-lines drawn, and [Page] yet we have not out-run the limits of our plane, which is an inconvenience, unto which the moſt are ſubject. Now ſeeing the Triangle S C D is the true pattern of this Di­als cock, and that this is the South face of this plane, therefore the center will be upward, and the ſtile-point downward, hanging directly over the meridian line.
But if it had been the North face of this plane, you muſt have proceeded in all things as before, but onely in placing the Diall, and naming the houres; for if it be the North face, the center muſt be in the lower part of the meridian line, and the ſtile and hour-lines point upwards, as you may ſee in this figure following.
[Dialling diagram]

CHAP. X. To draw a Diall upon a direct verticall plane, inclining to the Horizon.
[Page]
ALL thoſe planes that have their Horizontall line lying Eaſt and Weſt, are in that reſpect ſaid to be direct verticall planes; if they be alſo upright paſſing thorow the Zenith, they are erect direct verticall planes; if they incline to the pole, they are direct polar planes; if to the Equinoctiall, they are called Equinoctiall planes, and are deſcribed before: if to none of theſe three points, they are then called direct verticals inclining.
In all Dials that decline not, two things muſt be had before you can make the Diall, the firſt is the meridian or 12 a clock line, wherein the cock muſt ſtand, and the ſe­cond is the elevation of the pole above the ſame line.
For the Horizontall plane, the meridian line is drawn by the 4 Chapter, and the elevation of the pole above the plane is always equall to the latitude of the place; and in erect direct verticals, the perpendicular or verticall line is the meridian or 12 a clock line, and the elevation of the pole above the plane is always equall to the complement of the latitude, the North pole being elevated above the North face, and the South pole above the South face thereof.
And in theſe verticals inclining being direct, the line of inclination is their meridian, and line wherein the cock muſt ſtand, but for the elevation of the cock, we muſt firſt conſider, whether the plane inclines towards the South or towards the North; if it inclineth towards the [Page] South, adde the inclination to your latitude, the ſumme of both ſhall be the elevation of the pole above the plane, and if the ſumme ſhall be juſt 90 degrees, it is an Equinoctiall plane, and is deſcribed before in the 5 Chapter, but if the ſumme ſhall exceed 90 degrees, take it out of 180, and that which remaines ſhall be the elevation of the pole above the plane.
As for example in the latitude of 52 deg. 30 min. let a plane be found to incline Southwards 20 degrees, this 20 deg. added to 52 deg. 30 min. the latitude of the place, the ſumme will be 72 degr. 30 min. the elevation of the pole above the plane, with which you may proceed to draw a Diall by the eighth or ninth Chapters as if it were a horizontall plane, for their difference is nothing, but in the height of the ſtile, which is the elevation of the pole above the plane. For this plane ſhall be parallel to that Horizon, whoſe latitude is 72 deg. 30 min. lying both under one and the ſame meridian.
But if the inclination be Northward, compare the in­clination with your latitude, and take the leſſer out of the greater; ſo ſhall the difference be the elevation of the pole above the plane, but if there be no difference, it is a di­rect polar plane, and is deſcribed before in the ſixt Chapter.
As in the latitude of 52 deg. 30 min. a plane being pro­poſed to incline towards the North 25 deg. this 25 degr. being taken out of 52 degrees 30 minutes leaveth 27 deg. and 30 minutes for the elevation of the pole above the plane. Now this plane being parallel to that Horizon, whoſe latitude is 27 deg. 30 min. lying both under one & the ſame meridian, therefore you may proceed to make this Diall, as if you were to make an Horizontall Diall in that countrey.
[Page]
Each of theſe planes have two faces; one towards the Zenith, the other towards the Nadir; but what is ſaid of the one is common to the other; they onely differ in this, the one hath the South, the other hath the North pole e­levated above their faces.
For upon the upper faces of all North incliners, whoſe inclination is leſſe then the latitude of the place, on the un­der faces of all North incliners, whoſe inclination is great­er then the latitude of the place; and on the upper faces of all South incliners, the North pole is elevated; and therefore contrarily, on the under faces of all North in­cliners, whoſe inclination is leſſe then the latitude of the place, on the upper faces of all North incliners, whoſe inclination is greater then the latitude of the place; and on the under faces of all South incliners, the South pole is e­levated: unto one of which poles, the ſtiles of all Dialls muſt point directly.

CAAP. XI. To draw a Diall upon an erect, or verticall plane decli­ning, commonly called a South or North erect declining Diall.
ALL upright planes whereon a man may draw a verti­call line; are in that reſpect ſaid to be erect or verti­call; if their horizontall line ſhall lie directly Eaſt and Weſt, they are direct verticall planes; if directly North and South, they are properly called Meridian planes, and are deſcribed before.
If they behold none of theſe four principall parts of the world, but ſhall ſtand between the prime verticall cir­cle, [Page] and the Meridian, they are then called by the generall name of declining verticals, or by the name of South or North erect declining planes.
In all ſuch declining planes, becauſe the Meridian of the place (which in all upright planes is the verticall line, and ſerveth for the hour of 12) and the Meridian of the plane deflecteth one from the other; therefore we muſt finde out and place the Meridian of the plane, (which is the line over which the ſtile directly hangeth, and is here called the Subſtile) and likewiſe the elevation of the pole above the plane: both which may be eaſily performed in this manner.
Firſt, draw a blinde line parallel to the Horizon, which may be the line A B, and from a point therein as at C, let fall the perpendicular C D, ſerving for the Meridian of the place, and the hour of 12, and through ſome place of this Meridian as at E, draw the line F G at right angles.
Then having by the third chapter examined this plane, and finding it to decline 30 deg. from the South towards the Eaſt, I draw an arch of a circle upon the center C, with my compaſſes opened to the Radius of the Scale; in which arch I place the declination of the plane from E to H, on the ſame ſide of the meridian with the declination of the plane, as here you ſee; then ſet the complement of the latitude, which is 37 degr. 30 min. in the ſame arch from E to M, and draw the line C H for the declination of the plane, and the line C M G cutting the line F G in the point G for the complement of your latitude.
This being done, take the diſtance E G; and ſet it in the line of declination from C to S, from which point S draw the line S L ſquare to the meridian C D, then take S L and ſet it from E to O in the line E F, and draw the line C O, [Page] which is the Meridian of this plane, or the line of the Subſtile,Here note, that in all decliners, the Subſtile go­eth from the Meridian, to­wards that coaſt which is contrary to the coaſt of the planes declina­tion. wherein the ſtile muſt ſtand direct­ly up from the plane, then through the point O draw the line P K, ſquare to the Subſtile C O, which ſhall be the touch-line or line of contingence.
Then take the diſtance C L, and ſet it in the line of contingence from O to P, and draw the line C P for the ſtile.
This done, ſet one foot in the point O,
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 and with the other take the ſhorteſt extent unto the ſtile [Page] C P with this diſtance, one foot remaining ſtill in the point O, the other turned towards C, make a mark at y in the line of the Subſtile, which ſhall be the center where­on you muſt deſcribe the Equinoctiall circle.
Now having drawn the line NT through the center C, and parallel to the touch-line I K, which will be ſquare to the Subſtile C O, I take the diſtance O y, which is the Radius upon which the Equinoctiall circle was drawn, and place it on both ſides the ſubſtile, in the line of contin­gence from O to I, and from O to K, and in his parallel line from C to G, and from C to R, and draw G I and R K, then laying your rule upon the point y, the center of the Equinoctiall, and a the point of interſection of the touch-line with the meridian, and where it cutteth the cir­cles circumference, there muſt you begin to divide it into 24 equall parts, but thoſe ſix ſhall be onely in uſe which are next the line of contingence, that is, three of each ſide of the ſubſtile next thereunto.
Then place your Ruler upon the center y, and upon each of theſe ſix points of the Equator, and where it toucheth the line of contingence, there make markes, by which and the center C, draw thoſe ſix hour lines next the Subſtilar; which ſhall all fall between the points I and K in the touch-line, three whereof ſhall fall betwixt O and K, and three betwixt O and I, thus have you 6 of your 12 hours, viz. 12. 11. 10. 9. 8. and 7. then take the diſtance from the point O to the interſection of the hour of 12 with the touch-line, and place it from O to b, and from G to N, then laying your Rule upon theſe two points N and b, where it ſhall croſſe the line G I, ſhall be the point through which you may draw the ſix a clock [Page] hour-line; in like manner, take the diſtance from O to the line for 11 a clock, and ſet it from O to c, and from G to Z, then lay the Rule upon C and Z, and where it ſhall cut the line, G I ſhall be the point through which you ſhall draw the 5 a clock hour-line; and ſo placing the diſtance O 10 from O to g, and from G to V, and laying the Rule upon V and g, you ſhall finde the point in the line G I, through which you may draw the 4 a clock hour-line: in like manner may you proceed with the other ſide.
For taking the diſtance from the point O to the line of 9, and ſetting it from O to h, and from R to x, and laying the Rule upon the points h and x, where you ſhall ſee it cut the line R K, there ſhall be the point, through which you ſhall draw the 3 a clock hour-line.
And ſo you may take the diſtances from O, to the line of 8, and 7, and place them from O to d and m, and from R to W and T, and ſo by lay­ing your Rule upon the points W d and T m, where it ſhall croſſe the line R K, there ſhall be the points through which the houre-lines of 2, and 1, ſhall be drawn.
The Diall being thus drawn upon the South-eaſt face of this plane, let the ſtile be fixed in the center C, ſo that it may hang directly over the Subſtile C O, making an angle therewith equall to the angle P C O.
The ſtile with the ſubſtile muſt here point down­wards, becauſe in all upright planes declining from the South, the South pole is elevated; and in all upright [Page] planes declining from the North, the North pole is ele­vated.
Therefore if you were to make a Diall to the North face of this plane, you muſt make choice of your center C in the lower part of the Meridian C D, that the ſtile with the ſubſtile may have room to point upwards.
This Diall being made on paper for the South-eaſt face of this plane, will alſo ſerve for the North-weſt face thereof, if you turn it upſide down; ſo that the ſtile with the ſubſtile may point upwards; and the paper being oyl­ed or pricked through, ſo that you may take the back-ſide thereof for the fore-ſide, without altering the numbers, ſet to the hours.
And the foreſide of this pattern, turned upſide down, ſo that the cock may point upwards, ſhall ſerve for the North-eaſt face of a plane having the ſame declination; onely altering the numbers ſet to the hours.
This paper being oyled, if you do but change the back­ſide for the foreſide; and the numbers ſet to the hours, ſtill keeping the center upwards, and the ſtile pointing downwards, this pattern will ſerve for the South-weſt face of a plane, whoſe declination is the ſame as before.
And thus you ſee by diligent obſervation, this pattern may be made to ſerve for four Dials, which being well underſtood, will be a great help to the Artiſt.

CHAP. XII. How to draw a Diall upon an horizontall plane, otherwiſe then in the eighth Chapter was ſhewed.
[Page]
ALthough I have plainly and perfectly ſhewed the ma­king of the horizontall, the direct South or North, as well erect as inclining; and the South or North erect declining Dials, in the four former Chapters: yet to ſa­tisfie them that delight in variety, I have here declared another way, whereby you may make them moſt artifici­ally and geometrically; not being tied to the uſe of the Canons; (which indeed of all others is moſt exact, but not ſo eaſie to be underſtood) nor to any one Inſtrument (which may be abſent from me, when I ſhould need it) although in this Treatiſe I do perform the whole by a plain Quadrant.
Therefore by the firſt Chapter, having found the plane to be horizontall; by the fourth Chapter draw the me­ridian line A B, and croſſe it at right angles in the middle with the line D E, which is the line of Eaſt and Weſt, and ſerveth for the hour of ſix at morning, and ſix at e­vening.
Then upon the center C (which is the point of inter­ſection) deſcribe a circle for your Diall as large as your plane will give leave; which let be the circle A D B E, then take the latitude of the place which is here 52 degr. 30 min. and ſet it from A to N, in the quadrant A D, and draw the line C N S, then from A raiſe the perpendicular A S, to cut the line C S at S, ſo ſhall the Triangle A C S be the true pattern for your cock; this being done, divide [Page] the two quarters of your circle A E and A D, each into ſix equall parts, ſo ſhall you have in each Quadrant five points by which you may draw the five Chord lines I F
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 G H and A, as here you ſee; then take one half of the Chord line A, and ſet it in the line of the ſtile from C [Page] to O, from which point O take the neereſt extent unto the meridian; with this diſtance ſetting one foot in the point A, with the other make a mark on each ſide of the meridi­an, in the ſame Chord line A, through which points you ſhall draw the hour-lines of 1 and 11.
So likewiſe you may take one half the Chord H, and place it in the line of the ſtile from C to K, from which point K, take the ſhorteſt extent unto the meridian, with this diſtance ſet one foot in H, and with the other make on each ſide the meridian a mark in the ſame Chord line, through which you ſhall draw the hour-lines of 2 and 10.
And thus you may proceed with the reſt of the lines, as the Figure will ſhew better then many words; for this is ſooner wrought then ſpoken.
And if you would have the hours before and after ſix, you may extend them through the center, as was ſhewed in the 8 Chapter.

CHAP. XIII. To draw a Diall upon a direct verticall plane, as well erect as inclining, otherwiſe then in the ninth Chapter was ſhewed.
THe work of this, is almoſt like unto the other before; the difference is onely in the elevation of the pole a­bove the plane: for in the horizontall plane, the elevation is equall to the latitude of the place; and in all direct ver­ticals being erect, the elevation of the pole above the plane is equall to the complement of the latitude, but if they ſhall incline towards the horizon, then ſhall you finde the elevation of the pole above the plane by the 10 Chapter.
[Page]
The elevation of the pole above the plane being known, the making of theſe Dials are all alike; therefore by the ſecond Chapter draw the line EW parallel to the horizon, and from the middle thereof ſet fall the perpendicular ZN which ſhall be the meridian of the plane, and alſo the me­ridian of the place, ſerving for the line of 12, and alſo for the Subſtile, over which the ſtile muſt hang, both in erect and inclining planes being direct.
Then upon the center Z deſcribe your Dials circle, or rather the Semicircle E N W, and ſeeing this plane is e­rect, and alſo direct, therefore the elevation of the pole
[Dialling diagram]
 above the plane is 37 degr. 30 min. equall to the comple­ment of our latitude, which take from your ſcale, and place it from N to H in your Dialls ſemicircle, and draw the line Z H S for the line of the ſtile; then from the end of the meridian as at N, draw the crooked line N S, cutting the [Page] line of the ſtile in the point S, ſo ſhall the Triangle S Z N be the true pattern for your cock.
This being done, divide each Quadrant of your Semi­circle into ſix equall parts, ſo ſhall you have 5 points, by which you may draw 5 Chord lines, cutting the meridian at right angles in the points I K L M N.
This being done, take the half of each Chord, and place it from the center Z along upon the line of the ſtile, as here you ſee; the half of the Chord N from Z to A, and one half the Chord M from Z to B, and half the Chord L from Z to C, and one half the Chord-lines I and K, ſet from Z unto D and G; now from each of theſe points, take the neereſt extent unto the meridian Z N, and place them upon their proper Chord lines from the meridian on both ſides thereof; ſo ſhall you have two points on each Chord, through which you ſhall draw the hour-lines from the center of your Diall, as the ſhorteſt extent from the point A unto the meridian, ſet in the Chord N from the meridian both wayes, ſhall give you the points for 1 and 11; ſo ſhall the ſhorteſt extent from the point B (being placed from the meridian both ways in the Chord M) give you the two points for 10 and 2, and ſo you may pro­ceed with the reſt; thus doing, you ſhall have in each Chord two points, on each ſide the meridian one; through which, and from the center Z, you may draw your houre-lines at pleaſure, without exceeding the limits of your plane. And ſeeing this is the South face of this plane, therefore the ſtyle muſt point downwards being fixed in the center Z in the upper part of the meridian line Z N, over which the ſtyle muſt directly hang, making there­with an angle equall to the angle N Z S.
But if it had been the North face, then muſt the center [Page] be placed in the lower part of the Meridian, and the ſtyle, with the ſubſtyle, and alſo the houre-lines, muſt point up­wards.

CHAP. XIV. The declination of an upright plane being given, how thereby to finde the elevation of the pole above the ſame, with the angle of Deflexion, or the diſtance of the ſubſtile from the Meridian: and alſo the angle of inclination betwixt both Meridians.
IN all erect declining planes, when the declination is found, there is three things more to be conſidered before we can come to the drawing of the Diall.
I. The elevation of the pole above the plane.
II. The diſtance of the ſubſtile from the Meridian.
III. The angle contained betwixt the Meridian of the plane, and the Meridian of the place; which here we call the inclination of Meridians: This angle is made at the Pole, and ſerveth to ſhew us where we ſhall begin to divide our Diall-circle into 24 equall parts.
Theſe three may be both artificially, eaſily, and ſpeedily, performed after this manner following.
Firſt, deſcribe a Quadrant, as A B C, then ſuppoſing your Latitude to be 52 deg. 30 min. take it from your Scale, and ſet it from B to E in the arch of the Quadrant, and draw the line E D parallel to A B, cutting the line A C in the point D, then take the diſtance D E, and ſetting one foot in the center A, with the other deſcribe the arch G H O R.
[Page]
Then ſuppoſe your declination to be 32 deg. this ſet from B to F in the arch B E C, and draw the line F A, cutting the arch G R in the point H, through which point draw the line S H N cutting the arch B E C in N, ſo ſhall the arch C N be the elevation of the pole above the plane, which in this example is found to be 31 deg. 5 min.
Then take the
[Dialling diagram]
 diſtance H S, and ſet it in the line D E, from D to K, through which point K draw the line A K L, cut­ting the arch B C in the point L, ſo ſhall the arch C L be the diſtance of the ſubſtile from the Meridian, and in this example is 22 deg. 8 min.
Now from the point L, draw the line L T parallel to the line A C, cutting the arch G R in the point O, through which point O draw the line A O I, cutting the arch B C in the point I, ſo ſhall the arch C I be the inclination of both Meridians, and is found by this example to be 38 deg. 13 min. ſo that by this example the Meridian of the plane will fall betwixt the houres of 2 and 3 if the plane ſhall decline Weſtward; but if it ſhall decline Eaſtward, then ſhall it fall betwixt the houres of 9 and 10 before noon.

CHAP. XV. To draw a Diall upon an erect or Verticall plane declining; otherwiſe then in the 11 Chapter was ſhewed.
[Page]
HAving by the third Chapter found the declination of this plane to be 32 degrees, and ſo by the laſt Chap­ter found the elevation of the pole above the plane to be 31 deg. 5 min. and the diſtance of the ſubſtile from the Meridian to be 22 deg. 8 min. and likewiſe the angle of in­clination between both Meridians to be 38 deg. 13 min. we may proceed to make the Diall after this manner.
Firſt, draw the horizontall W E, and the perpendicular line Z N, croſſing the horizontall line at right angles, which is the Meridian of the place and the line of 12.
Then in the meridian make choice of ſome point with moſt convenience, as the center C, whereupon deſcribe your Diall circle E N W.
Then take a Chord of 22 deg. 8 min. from your Scale, for the diſtance of the ſubſtile from the Meridian, and in­ſcribe it into this Circle from the Meridian, upon theſe con­ditions, that if the plane declineth Weſt, then muſt the ſubſtile be placed Eaſt of the plumb line; but if the de­clination ſhall be Eaſt, then muſt the ſubſtile be placed Weſt from the Meridian, as here it is.
This 22 deg. 8 min. being ſet in the Diall circle from the Meridian at N unto M, I draw the line C M for the ſubſtile: then through the center C draw the diameter A B, making right angles with the ſubſtile C M, above this Diameter there needs no houre-lines to be drawn if the plane be erect.
[Page]
Then take 31 deg. 5 min. and ſet them from M to D, and draw the line C D S for the Stile, then from M the end of the Stile draw the crooked line M S, cutting the line of the Stile in the point S, ſo ſhall the triangle S C M be the true pattern for the Cock of the Diall.
[Dialling diagram]
This being done, take 38 deg. 13 min. and ſet them al­wayes on that ſide the ſubſtile whereon the line of 12 ly­eth, as here from M to H, ſo ſhall the point H be the point where you ſhall begin to divide your diall circle into 24 e­quall parts, but thoſe points ſhall be only in uſe which doe fall below the Diameter A C B.
And if the line of the ſubſtile falleth not directly upon [Page] one of the houre lines, then ſhall you have ſix points on each ſide thereof, from which you may let perpendiculars fall unto the line of the ſubſtile as here you ſee done.
Now take each perpendicular betwixt your compaſſes, and with one foot in the center C, with the other make marks in the line of the Stile, from which take the neereſt extents unto the line of the ſubſtile, and lay them upon their own proper perpendiculars from the ſubſtile, ſo may you make points through which you may draw houre-lines, and by thus doing with each perpendicular on both
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 [Page] ſides the ſubſtile, you may deſcribe your whole Diall as here you ſee, which may ſerve for four faces, by obſerving what was ſpoken in the 11 Chapter.
When you have drawn and deſcribed your Diall upon paper, for any plane whatſoever, you may cut off the hour-lines Cock and all, with a leſſer Circle then the Diall Circle, either with a concentrique or an excentrique Cir­cle, and ſo make a Diall leſſe then the Circle by which you framed it.
Or if you extend the hour-lines beyond the Diall Cir­cle, you may cut them off either with a greater concen­trique Circle, and ſo make a bigger Diall, or elſe you may cut them off with a Square, as here you ſee in the follow­ing figure; or any other form what you ſhall think moſt convenient.
Of a Plane falling neer the Meridian.
When as the declination of a plane ſhall cauſe it to lie neere the Meridian, as that the Declination and inclinati­on ſhall cauſe it to lie neer the Pole, then doth the elevati­on of the Pole above the plane grow ſo ſmall, & the hour-lines ſo exceeding neer together, that except the plane be very large they will hardly ſerve to good purpoſe; as here in this figure, being a plane which is erect, and decli­ning from the South 80 deg. towards the Eaſt.
Therefore firſt, draw your Diall very true (as before hath been taught) upon a large paper, making your circle as big as you can: then extend the houre-lines, with the ſubſtile, and the line of the ſtile, a great way beyond the Dials circle, untill they doe ſpread, ſo that they will fill the plane indifferent well, and then cut them off with a long ſquare as O N in the following figure, ſo wil it ſhew almoſt [Page] 
An erect Diall de­clining from the South 80 deg. to­wards the Eaſt: the diſtance of the ſub­ſtile from the Meri­dian 37 deg. 4 min. the elevation of the Pole above the plane 6 deg. 4 min. and the inclination of both Meridians 82 deg. 5 min.

 [Page] like the Meridian Diall of the 7 Chapter, for the hours wil be almoſt parallel the one to the other, and the ſtile almoſt parallel to the ſubſtile, as you may ſee by the figure.


CHAP. XVI. The inclination of a Meridian plane being given, how thereby to finde the elevation of the pole above the plane, the diſtance of the ſubſtile from the Meridian; and the angle of the inclination of the Meridian of the plane to the Meridian of the place.
ALL thoſe planes wherein the horizontall line is the ſame with the Meridian line, are therefore called Meridian planes, if they make right angles with the Hori­zon, they are called erect Meridian planes, and are deſcri­bed before.
But if they leane to the Horizon, they are then called Incliners.
Theſe may incline either to the Eaſt part of the Hori­zon, or to the Weſt, and each of them hath two faces, the upper towards the Zenith, the lower towards the Nadir, wherein knowing the Latitude of the place, and the incli­nation of the plane to the Horizon, we are to conſider three things more before we can come to the drawing of the Diall.
I. The elevation of the pole above the plane.
II. The diſtance of the ſubſtile from the Meridian.
III. The angle of Inclination betwixt both Meridi­ans.
Theſe three may be found after this manner, little dif­fering from the 14 Chap.
[Page]
Firſt, deſcribe a Quadrant, as A B C, then ſet 52 deg. 30 min. (your Latitude) from C to E, in the arch of your Quadrant C B, and draw the line E R parallel to A B, cut­ting the line A C in the point R, and with the diſtance E R, with one foot in the center A, with the other draw the arch G H O D, then let your inclination be 30 deg. which ſet in the arch of the Quadrant from B to F, and draw the line A F, cutting the arch G O D in the point H, through which point H, draw the line S H N, cutting the arch of the Quadrant in the point N, ſo ſhall the arch C N be the elevation of the pole above the plane, which in this exam­ple is 43 deg. 23 min.
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Then take the di­ſtance S H, and ſet it in the line E R from R to K, through which point K, draw the line A K L, cut­ting the arch of the quadrant in the point L, ſo ſhall the arch C L be the diſtance of the ſubſtile from the Meridian, and is in this example 33 deg. 5 min.
This being done, from the point L, draw the line L T parallel to the line A C, cutting the arch G D in the point O, through which point O draw the line A O I, cutting the arch of the Qua­drant B C in the point I, ſo ſhall the arch C I be the incli­nation of the Meridian of the plane to the Meridian of the [Page] place, and in this example is found to be 43 deg. 28 min. which being reſolved into time, doth give about two hours and 54 min. from the Meridian, for the place of the ſub­ſtile amongſt the houre-lines.

CHAP. XVII. To draw a Diall upon the Meridian inclining plane.
HAving by the ſecond Chapter found the inclination of this plane to be 30 deg. and ſo by the laſt chapter found the elevation of the pole above the plane to be 43 deg. 23 min. and the diſtance of the ſubſtile from the me­ridian to be 33 deg. 5 min. and likewiſe, the angle of in­clination to be 43 deg. 38 min. we may proceed to make the Diall after this manner.
Firſt, draw the horizontall line A B, ſerving for the Meridian and the houre of 12, about the middle of this line make choice of a center at C, upon which deſcribe a Circle for your Diall, as A D B E.
Then ſeeing this is the upper face of the plane, ſet 33 deg. 5 min. the diſtance of the ſubſtile from the Meridian, in the Dials Circle from the North end of the Horizon­tall line upwards, as from B to H, and draw the line C H for the ſubſtile: But if this had been the under face, the ſubſtile muſt have fallen below the horizontall line: now through the center C draw the Diameter E F, making right angles with the ſubſtile C H.
[Page]
Then ſet 43 deg. 23 min. from H unto D for the ſtile, and draw the line C D unto S, and from the end of the ſubſtile draw the crooked line H S, cutting the line of the ſtile in the point S, ſo ſhall the Triangle S C H be the true pattern of your Cock for this Diall.
Then ſet 43 deg. 28 min. from H unto M, for the dif­ference betwixt the Meridian of the plane and the Meridian of the place. Now here at M muſt you begin to divide your Circle into 24 equall parts, from which points let down ſo many perpendiculars to the ſubſtile, as there ſhall be points on that ſide the diameter E F next the ſubſtile.
Now take each perpendicular betwixt your Compaſ­ſes, and with one foot in the center C, with the other make marks in the line of the ſtile, from which take the neereſt extents unto the ſubſtile, and lay them down upon their own proper perpendiculars from the ſubſtile, ſo may you make marks, through which and from the center, you may draw the houre-lines.
This diall being thus drawn, for the upper face of a Me­ridian plane inclining towards the Weſt, you muſt fixe the Cock in the center C, hanging over the ſubſtile C H, with an angle equall to the angle S C H, ſo that it may point to the North Pole, becauſe upon the upper faces of all Meridian incliners the North Pole is elevated; and therefore contrarily, the South Pole muſt needs be eleva­ted above their under faces.
This Diall being drawn in paper, for the upper face of this plane, will alſo ſerve for the under face thereof, if you turn the pattern about ſo that the horizontall line A B may lie ſtill parallel to the Horizon, and the ſtile with the ſub­ſtile (lying under the Horizontall line) may point down­wards to the South Pole, the paper being oyled or pricked [Page] through, ſo that you may take the back ſide thereof for the fore ſide, without altering the numbers ſet to the hours.
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CHAP. XVIII. The inclination and declination of any plane being given in a known Latitude, to finde the angle of interſection between the plane and the Meridian, the aſcenſion and ele­vation of the Meridian, with the arch thereof between the Pole and the plane, and alſo the elevation of the Pole above the plane, the diſtance of the ſubſtile from the Meridian, with the inclination be­tween both Me­ridians.
[Page]
IF a plane ſhall decline from the South, and alſo incline to the Horizon, it is then called by the name of a decli­ning inclining plane.
Of theſe there are ſeverall ſorts, for the inclination be­ing Northward, the plane may fall betwixt the Horizon and the Pole, or betwixt the Zenith and the Pole, or elſe they may lie in the Poles of the World: or the inclinati­on may be ſouthward, and ſo fall below the interſection of the Meridian and the Equator or above it, or the plane may fall directly in the interſection of the Meridian with the Equator, each of theſe planes have two faces, the up­per towards the Zenith, and the lower towards the Nadir: Now having the Latitude of the place, with the declinati­on and inclination of the plane, we have ſeven things more to conſider before we can come to the drawing of the Di­all.
I. The angle of interſection betwixt the plane and the Meridian.
[Page]II. The arch of the plane betwixt the Horizon and the Meridian.
III. The arch of the Meridian betwixt the Horizon and the plane.
IV. The arch of the Meridian between the Pole and the plane.
V. The elevation of the Pole above the Plane.
VI. The diſtance of the ſubſtile from the Meridian.
VII. The angle of inclination betwixt the Meridian of the plane, and the Meridian of the place. All theſe ſeven may be found out after this manner.
Firſt, Deſcribe the Quadrant A B C, then ſuppoſe the plane to decline from the South towards the Eaſt 35 deg. and to incline towards the Horizon 25 deg. ſet 35 deg. the declination of the plane from C to E in the Quadrants arch C B, and draw the line A E, then ſet 25 deg. the in­clination of the plane in the ſame arch from B to F, and draw the line F Z parallel to A C, cutting the line A B in the point Z, and with the diſtance F Z, and one foot pla­ced in the center A, with the other deſcribe the arch G H I, cutting the line A E in the point H, through which point H draw the line K L parallel to A C cutting the arch C B in the point K, then take the diſtance H L, and ſet it in the line F Z from Z unto O, through which point O draw the line A O M, cutting the arch B C in the point M, from which point M draw the line M P N parallel to A B, cut­ting the arch G I in the point P, through which point P draw the line A P Q cutting the arch B C in the point G, ſo ſhall the arch B K be 75 deg. 58 min. the inclination of the plane to the Meridian, and the arch B Q will be 57 deg. 36 min. for the Meridians aſcenſion, or the arch of the plane, betwixt the Horizon and the Meridian, and the [Page] arch B M ſhall be 20 deg. 54 min. for the elevation of the Meridian, or the arch of the Meridian betwixt the Hori­zon and the plane. Now if the plane ſhall incline toward the South, adde this elevation of the Meridian to your La­titude, and the ſum of both ſhall be the poſition Latitude, or the arch of the Meridian betwixt the Pole and the plane, and if the ſum ſhall exceed 90 deg. take it out of 180 deg. and that which remains ſhall be the poſition La­titude, or the arch of the Meridian between the Pole and the plane.
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But if the in­clination ſhall be northward, then compare the ele­vation of the Meridian with your Latitude, and take the leſ­ſer out of the greater, and ſo ſhall the diffe­rence be the po­ſition Latitude: As here in this example, ſuppoſing the inclination to be Northward, we take 20 deg. 54 min. the elevation of the Meridian, out of 52 deg. 30 min. the Latitude propoſed, and there will remain 31 deg. 36 min. for the poſition Latitude, or the arch of the meridian between the Pole and the plane.
This being done, ſet 31 deg. 36 min. the poſition La­titude, from B to T in the arch B C, and draw the line A T, then with the diſtance K L, upon the center A, deſcribe [Page] the arch Y M W, cutting the line A T in the point M, through which point M draw the line R S parallel to A B, cutting the arch B C in the point S, ſo ſhall the arch B S be 30 degrees 33 minutes, the height of the Pole above the plane.
Then lay your rule upon the point S and the center A, and where it ſhall cut the line K L, there make a mark as at V, through which point V, draw the line D V N W pa­rallel to A B, cutting the arch Y W in the point N, and the arch B C in W, ſo ſhall the arch B W be 8 deg. 35 min. the diſtance of the ſubſtile from the Meridian.
Laſtly, through the point N, draw the line Y X pa­rallel to A C, cutting the arch B C in the point X, ſo ſhall the arch B X be 16 deg. 20 min. the inclination of the meridian of the plane to the meridian of the place.

CHAP. XIX. To draw a Diall upon a declining inclining Plane.
HAving by the ſecond Chapter found the inclination to be 25 deg. towards the North, and by the third Chapter the declination from the South towards the Eaſt to be 35 deg. and ſo by the laſt Chapter the Meridians aſ­cenſion to be 57 deg. 36 min. The elevation of the Pole above the plane 30 deg. 33 min. The diſtance of the ſubſtile from the Meridian 8 degrees 35 min. And the in­clination of both Meridians 17 deg. 30 min. we may pro­ceed to make the Diall after this manner.
[Page]
Firſt, Draw the line A B parallel to the Horizon, in which line make choice of a center as at C, whereon de­ſcribe your Diall circle A D B E A, then take 57 deg. 36 min. the Meridians aſcenſion, and ſet it from B that end of the horizontall line with the declination of the plane, as from B to N, and draw the line C N for the houre of 12.
Then ſet 8 deg. 35 min. the diſtance of the ſubſtile from the Meridian from N to M (on that ſide the Meri­dian which is contrary to the declination of the plane) and draw the line C M for the ſubſtile. And ſet 30 deg. 33 min. from M to D, and draw the line C D unto S, and from the end of the ſubſtile draw the crooked line M S, cutting the line of the Stile in S, ſo ſhall the Triangle M C S be the true pattern of this Dials Cock.
Then ſet 17 deg. 30 min. the inclination of Meridians from M unto O, which is the point where you muſt be­gin to divide your Diall circle into 24 equall parts; from which points let down ſo many perpendiculars to the ſub­ſtile, as there ſhall be points on that ſide the Diameter F E next the ſubſtile, and ſo by working as before hath been ſhewed, you may draw the houre-lines, and ſet up the ſtile as in the former planes.
Now here I would have you well to conſider what hath been here ſpoken concerning theſe kinde of Dials, and alſo what followeth the ſame, for if you mark the di­verſity which doth ariſe by reaſon of the elevation of the Meridian, you may perceive thereby three ſundry kinds of Dials to ariſe out of a North inclining plane declining, and alſo in a South inclining declining plane, yet in effect they are but one if you conſider what followeth here concerning them, in all which, the ſtile with the ſubſtile, and ſuch like materials, are found out according to the laſt Chapter.
[Page]
Therefore having drawn your horizontall line, you muſt conſider which pole is elevated above your plane, and how to place the Meridian from the Horizontall line. For
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 upon the upper faces of all North incliners, whoſe [Page] Meridians elevation is leſſe then the Latitude of the place: on the under faces of all North incliners whoſe meridians elevation is greater then the Latitude of the place: and on the upper faces of all South incliners, the North Pole is elevated.
And upon the under faces of all North incliners whoſe meridians elevation is leſſe then the Latitude of the place: On the upper faces of all North incliners, whoſe meridi­ans elevation is greater then the Latitude of the place: and on the under faces of all South incliners the South Pole is elevated.
Now for placing the Meridian from the horizontall line; upon the upper faces of all South incliners, whoſe meridians elevation is greater then the Latitudes comple­ment: on the under faces of all South incliners whoſe me­ridians elevation is leſſe then the Latitudes complement: on the under faces of all North incliners, whoſe meridians elevation is greater then the Latitude of the place: and on the upper faces of all North incliners whoſe Meridians ele­vation is leſſe then the Latitude of the place; the Meridi­an muſt be placed above the Horizontall line, as here in this example.
And therefore by the contrary; Upon the upper faces of all South incliners, whoſe meridians elevation is leſſe then the Latitudes complement: On the under faces of all South incliners, whoſe meridians elevation is greater then the Latitudes complement: On the under faces of all North incliners, whoſe meridians elevation is leſſe then the Latitude of the place: And on the upper faces of all North incliners, whoſe meridians elevation is greater then the Latitude of the place; the Meridian muſt be placed below the Horizontall line.
[Page]
But here you muſt obſerve, that if it be either the up­per or under faces of a South inclining plane, whoſe meri­dians elevation is greater then the Latitudes complement: or either the upper or under faces of a North inclining plane, whoſe meridians elevation is leſſe then the Latitude of the place; that then the Meridian muſt be placed from that end of the horizontall line with the declination of the plane: But on all the other faces of theſe kinde of planes, the Meridian muſt be placed from that end of the horizontall line which is contrary to the declination of the plane.
And here note, that if the inclination ſhall be South­ward, and the elevation of the Meridirn equall to the com­plement of your Latitude; then ſhall the ſubſtile lie ſquare to the Meridian.
And if the inclination ſhall be Northward, and the ele­vation of the meridian equall to the Latitude of the place, then ſhall neither Pole be elevated above this plane, and therefore ſhall be a Polar declining plane. Wherein the Meridian being placed according to his aſcenſion from the horizontall line, ſhall be in place of the ſubſtile, unto which if you draw a line ſquare, it ſhall ſerve for the Equator. Then ſet one foot of your Compaſſes in the interſection of the ſubſtile with the Equator, and open the other to any convenient diſtance upon the ſubſtile, and deſcribe the E­quinoctiall Circle (as in the ſixt Chapter of this Book was ſhewed:) upon the center whereof, make an angle with the line of the ſubſtile, equall to the inclination of both meridians, namely the meridian of the plane and the meridian of the place, which ſhall ſhew you where to begin to divide your Equinoctiall Circle into twenty four equall parts.
[Page]
Theſe things being known, you may proceed to make your Diall and ſet up the Cock according to the ſixth Chapter.
As for example, in our Latitude of 52 deg. 30 min. a plane is propoſed to decline from the South towards the Eaſt 35 deg. as before, but inclining Northward 57 deg. 50 min. the Meridians aſcenſion by the 18 Chapter will be found to be 69 deg. 33 min. and his elevation 52 deg. 30 min. equall to the Latitude of the place, and therefore neither pole is elevated above this plane, and ſo no diſtance between the Subſtile and the Meridian: for the Meridian and the ſtile with the ſubſtile, will be as it were all one line, which is the Axletree of the World: ſo that here the ſtile muſt be parallel to the plane, and the houre lines pa­rallel one to the other, as in the Meridian and direct Polar planes. Therefore, firſt draw the Horizontall line A B, wherein make choice of a center as at C, whereon deſcribe an occult arch of a Circle as B E: then into this arch in­ſcribe the Meridians aſcenſion 69 deg. 33 min. from B to E, and draw the line CE for the meridian of the plane, and for the ſubſtilar, and if you draw a line ſquare to this ſub­ſtilar, it ſhall be the Equator.
Then ſet one foot of your Compaſſes in the point of interſection D, and with the other opened to a convenient wideneſſe, draw a Circle for the Equator, unto which you may draw two touch lines ſquare to the ſubſtile as in the direct polar plane.
This being done, and the inclination of both Meridians being found by the laſt Chapter to be 29 deg. 3 min. ſet it in this Circle from H unto O, and draw the line D O F, cutting the contingent in F, from which point F you ſhall draw the 12 a clock hour-line parallel to the ſubſtile.
[Page]
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Now from the point O, divide your Equinoctiall circle into 24 equall parts, with which you may proceed to make your Diall, and ſet up the cock according to the 6 Chap­ter.

The end of the third Book.


THE FOURTH BOOK. Shewing how to reſolve all ſuch Aſtro­nomicall Propoſitions (as are of ordinary uſe in this Art of Dialling) by help of a Quadrant fitted for the ſame purpoſe.
[Page]
CHAP. I. The deſcription of the Quadrant.
HAving in the ſecond and third Books ſhewed Geometrically the working of moſt of the ordinary Propoſitions Aſtro­nomicall, with the delineation of all kinde of plain wall Di­als howſoever, or in what lati­itude ſoever ſcituated, ſtill keep­ng within the limits of our plane, and yet not tyed to the uſe of any Inſtrument.
I will now ſhew how you may performe the former [Page] work exactly, eaſily and ſpeedily, by a plain Quadrant fit­ted for that purpoſe; the deſcription whereof is after this manner.
Having prepared a piece of Box or Braſſe in manner of a Quadrant, draw thereon the two Semidiameters A B and A C, equally diſtant or parallel to the edges, cutting one the other at right angles in the center A, upon which cen­ter A, with the Semidiameter A B or A C, deſcribe the arch B C, this arch is called the limbe, and is divided into 90 equall parts or degrees; and ſubdivided into as many parts as quantity will give leave, being numbered from the left hand towards the right after the uſuall manner.
Then let the Semidiameter A B be divided into 90 un­equall parts, (called right Sines) either from the Table of naturall Sines by help of a decimall Scale, equall to the Semidiameter A B, or elſe by taking the neereſt extents from each degree of your Quadrant, unto the ſide A B, and placing them upon the ſide A B each after other, from the center A towards B, you ſhall exactly divide the Se­midiameter A B into 90 unequall diviſions called right Sines.
This being done, draw the line D E from the Sine of 45 degrees counted in the line of Sines unto 45 degrees counted in the Quadrant, then from the point E draw the line E F parallel to A B, making the ſquare A D E F, the ſide D E whereof (for diſtinction) may be called a Tangent line, and the ſide E F a Co-tangent line, then draw the Diagonall line A E, which you may call the line of Latitudes.
Then upon the center A, with the diſtance A D or A F deſcribe the arch D F, which you may divide into ſix equall parts, by laying your Rule upon each 15th. degree in the [Page] Quadrant, and the center A as at g h I k l F, from which points draw ſlope lines to each 15th. degree in the Qua­drant, numbered backward, as F P, l O, k E, I n, h m, g B; theſe lines ſo drawn are to be accounted as hours, then dividing each ſpace into two equall parts, draw other ſlope lines ſtanding for half hours, which may be diſtin­guiſhed from the other, as they are in the figure.
[Dialling diagram]
Now becauſe in the latter part of this Book there is often required to uſe a line of Chords to ſeverall Radiuſes, [Page] therefore upon the edge of the Quadrant A C, you may have a line of Chords, divided as in the figure, and ſo the Quadrant being at hand will ſupply the uſes of the Scale mentioned in the preceding Book, and alſo a Chord of any Circle, whoſe Radius is leſſe then the line A C may be taken off and in that caſe ſupply the uſe of a Sector.
To this Quadrant, as to all others of this kind in their uſe is added Sights, with a threed, bead, and plummet ac­cording to the uſuall manner.

CAAP. II. Of the uſe of the line of Sines. Any Radius not exceeding the line of Sines being known, to finde the right Sine of any arch or angle thereunto belonging.
IF the Radius of the Circle given be equall to the line of Sines, there needs no farther work, but to take the other Sines alſo out of the line of Sines.
But if it be leſſer, then take it betwixt your compaſſes, and ſet one foot in the Sine of 90 degrees, and with the o­ther lay the threed to the neereſt diſtance, which you may doe by turning the compaſſes about, till the moving point thereof doe onely touch the threed and no more: the threrd lying ſtill in this poſition, take the neereſt extent thereunto, from any Sine you think good, and it ſhall be the like Sine agreeable to the Radius given.
As for example, let the circle B C D E in the following chapter repreſent the meridian circle, let B D be the Ho­rizon, and C E the verticall circle; and let F G be the dia­meter [Page] of an almicanter, and ſo F H the Semidiameter there­of; which being given it is required to finde the Sines both of 30 and 50 degrees, agreeable to that Radius, firſt there­fore, take the given Radius betwixt your compaſſes, and with one foot ſet in the Sine of 90 degrees, with the o­ther lay the threed to the neereſt diſtance, the threed lying ſtill in this poſition, take the neereſt extents thereunto, from the Sine of 30 and likewiſe of 50, theſe diſtances place upon the Radius F H from H to N, and from H to R, ſo ſhall H N be the Sine of 30 degrees, and H R the Sine of 50 degrees, agreeable to the Radius F H the thing deſired.

CHAP. III. The Right Sine of any arch being given to finde the Radius.
TAke the Sine given betwixt your compaſſes, and ſet­ting one foot in the like Sine in the line of Sines, with the other lay the threed to the neereſt diſtance, the threed lying ſtill in this poſition, take the ſhorteſt extent thereunto from the Sine of 90 degrees, which diſtance ſhall be the Radius required.
As for example, let H R be the given Sine of 50 de­grees, & it is required to find the Radius anſwering there­unto, take H R with your compaſſes and ſet one foot in the Sine of 50 deg. and with the other lay the threed to the neereſt diſtance, which being kept in this poſition, if you take the ſhorteſt extent thereunto, from the Sine of 90 you ſhall have the line H F for the Radius required.
[Page]
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CHAP. IV. The right Sine, or the Radius of any Circle being given, and a ſtreight line reſembling a Sine, to finde the quantity of that unknown Sine.
FIrſt, take the Radius, or the right ſine given, and ſet­ting one foot of your Compaſſes either in the like ſine or in the Radius of the line of Sines, and with the other, lay the threed to the neereſt diſtance, then take the right line given, and ſix one foot in the line of ſines, moving it till the moveable foot touch the threed at the neereſt ex­tent, ſo ſhall the fixed foot ſtay at the degree of the ſine required.
[Page]
As for example, let F H be the Radius given, and H N the ſtreight line given reſembling a Sine, firſt with the di­ſtance F H from the Sine of 90 lay the threed to the neereſt diſtance; the threed lying ſtill in this poſition, take the line H N and fixing one foote of your compaſſes in the line of Sines, ſtill moving it to and fro till the moveable foote thereof, doth onely touch the threed, ſo ſhall the fixed foote reſt at the Sine of 30 degrees in the line of Sines; this 30 degrees is the arch, of which H N is the Sine, F H in the laſt chapter being the Radius.

CHAP. V. The Radius of a circle not exceeding the line of Sines being given, to finde the chords of every arch.
IF the Radius given, ſhall be equall to the line of Sines, then double the Sine of halfe the arch, and you ſhall have the chord of the whole arch, that is, a Sine of 10 deg. dou­bled giveth a chord of 20 deg. & a Sine of 15 deg. doubled giveth a chord of 30 deg. and ſo of the reſt, as in the third chapter, the line I O the Sine of I C an arch of 30 deg. be­ing doubled giveth I L the chord of ICL which is an arch of 60 deg.
And if the Radius of the circle given, be equall to the Semi-radius (the ſine of 30 deg.) of the line of ſines; then you neede not to double the lines of ſines as before, but onely double the numbers: ſo ſhall a ſine of 10 deg. be a chord of 20 deg. and a ſine of 15 deg. be a chord of 30 deg. and ſo of the reſt, but if the Radius of the circle given, be leſſe then the ſemi-radius of your line of ſines, then take it [Page] betwixt your compaſſes and ſetting one foot in the ſine of 30 deg. with the other lay the threed to the neereſt diſtance, the threed lying ſtill in this poſition, take it over at the neereſt extent in what Sine you think good, onely doubling the number, and you ſhall have the Chord deſired.
As for example, let A C be the diameter of the circle in the third Chapter, and it is required to find a Chorde of 30 degrees, therefore firſt, I take A C betwixt my compaſ­ſes and ſetting one foot in the Sine of 30 deg. with the other I lay the threed to the neereſt diſtance: which being kept at this angle, I take it over from the ſine of 15 deg. which doth give me I C the Chord of 30 deg. which was deſired.
And if the Radius given, be greater then the Sine of 30. and yet leſſe then the Radius of the line of Sines; then with the Radius given, and from the Sine of the comple­ment of halfe the arch required, lay the threed to the nee­reſt diſtance; then taking it over at the neereſt extent from the ſine of the whole arch, you ſhall have your deſire.
As for example, let the Radius A C of the circle in the third Chapter be given; and a Chord of 30 deg. required: the halfe of 30 deg. is 15 deg. the complement whereof is 75 deg. therefore I take the Radius with my compaſſes, and ſetting one foot in the Sine of 75 deg. with the other I lay the threed to the neereſt diſtance: the threed lying ſtill in this poſition, I take the ſhorteſt extent thereunto from the Sine of 30 deg. which giveth I C the Chord of 30 deg. which was deſired.
Now by the converſe of this Chapter, if you have the Chord of any arch given, you may thereby find out the Radius.

CHAP. VI. To divide a line by extream and mean proportion.
[Page]
A Right line is ſaid to be divided by extream and meane proportion, when the leſſer Segment thereof, is to the greater, as the greater is to the whole line.
Let A B be the line to be ſo divided, this line I take with my compaſſes, and ſetting one foot in the ſine of 54 deg. and with the other I lay the threed to the neereſt diſtance: which lying ſtill in this poſition, I take it over from the ſine of 30 deg. which diſtance ſhall be the greater ſegment A C dividing the whole line in the point C; or the threed lying in the former poſition, if you ſhall take the ſhorteſt extent thereunto from 18 deg. you ſhall have B C for the leſſer ſegment, which will divide the whole line by extream and mean proportion in the point C from the end B, ſo that as B C the leſſer ſegment, is to A C the greater ſegment; ſo is A C the greater ſegment, to A B the whole line, as was required
[Dialling diagram]

CHAP. VII. To find a mean proportionall line between two right lines given.
A Mean proportionall line is that, whoſe ſquare is equall to the long ſquare, contained under his two extreams.
[Page]
Firſt, ioyn the two given lines together, ſo as they may make both one right line; the which divide into two equall parts; and with the one halfe thereof, ſetting one foot in the Sine of 90 deg. with the other lay the threed to the nee­reſt extent, which lying ſtill in this poſition, take the di­ſtance betwixt the middle point, & the point of meeting of the two given lines, and fixing one foot in the line of ſines, ſo as the other may but onely touch the threed; now from the complement of the ſine where the fixed foot ſo reſteth, take the ſhorteſt extent unto the threed, which ſhall be the mean proprtional line required.
[Dialling diagram]
As for example, let A and B be two lines given, between which it is required to find a mean proportionall line, firſt joyne the two lines together in F, ſo as they both make the right line C D, which divide into two equall parts in the point E, then with either halfe of which, ſetting one foot in the ſine of 90 deg. with the other lay the threed to the neereſt diſtance: then keeping the threed in this poſitiō, take the diſtance betweene the middle point E and F, the place of meeting of the two given lines, and fixing one foot in the line of ſines, ſo as the other may but onely touch the threed, and the fixed foot will ſtay about 22 deg. 30 min. the complement whereof is 67 deg. 30 min. from which take the ſhotteſt extent unto the threed lying as before, which ſhall be the line H, the meane proportional line be­twixt the two extreames A and B, which was required.

CHAP. VIII. Having the diſtance of the Sun from the next equinoctiall point, to find his declination.
[Page]
FIrſt, lay the threed upon 23 deg. 30 min. the ſuns great­eſt declination, counted on the limbe of the quadrant, the threed lying ſtill open at this angle, take the ſhorteſt ex­tent thereunto from the ſine of the diſtance of the Sunne from the next equinoctiall point, this diſtance being ap­plied to the line of ſines from the centre A, ſhall give you the ſine of the ſuns declination.
So in the figure of the 13 chapter, the ſun being in the 29 deg. of Taurus at K, which is 59 deg. from C the equi­noctiall point Aries; the declination of the ſun will be found about 20 deg. the line C M which was required.

CHAP. IX. The declination of the ſun, and the quarter of the ecliptick which he poſſeſeth being given, to find his place.
TAke the ſine of the ſuns declination from the line of ſines, & ſetting one foot in the ſine of the ſuns greateſt declination, with the other lay the threed to the neereſt di­ſtance ſo ſhall it ſhew upon the limb, the diſtance of the ſun from the next equinoctiall point.
So in the figure of the 13 chapter C M the declination of the ſun being 20 deg. and K the angle of the ſuns great­eſt declination, the line C K will be found to be 59 deg. for the diſtance of the ſun from the next equinoctiall point which was required.

CHAP. X. Having the latitude of the place, and the diſtance of the ſun from the next equinoctiall point, to find his amplitude.
[Page]
TAke the ſine of the ſuns greateſt declination betwixt your compaſſes, and ſetting one foot in the co-ſine of the latitude, with the other lay the threed to the neereſt di­ſtance; which lying ſtill in this poſition, ſet one foot in the ſine of the ſuns diſtance from the next equinoctiall point, and with the other take the neereſt extent unto the threed, ſo ſhall you have betwixt your compaſſes the Sine of the Amplitude.
As in the figure of the 13 chapter, the angle at N being 37 deg. 30 min. the complement of the latitude, and K the angle of the Suns greateſt declination, and C K 59 deg. the diſtance of the Sun from the equinoctiall point Aries, the line C N will be found to be the Sine of 34 deg. 9 min. the amplitude required

CHAP. XI. Having the declination and amplitude to finde the height of the pole.
FIrſt, take the ſine of the Suns declination, and ſet one foot in the ſine of the Amplitude, and with the other lay the threed to the neereſt diſtance, ſo ſhall the threed upon the limbe, ſhew the complement of the latitude.
So in the figure of the 13 Chapter, the declination C M being 20 deg. and the amplitude C N being 34 deg. 9 min. & the angle at M being Right, we ſhall find the angle at N [Page] to be 37 deg. 30 min. the complement whereof is 52 deg. 30 min. which was required for the latitude of the place.

CHAP. XII. Having the latitude of the place, and the declination of the Sun, to find his amplitude.
WIth the Sine of the declination ſet one foot in the co­ſine of the latitude, and with the other lay the threed to the neereſt diſtance: ſo ſhall it ſhew upon the limb the amplitude required: ſo in the figure of the next Chapter, the angle CNM being 37 deg. 30 min. the coſine of the la­titude, and C M the declination here 20 deg. and the angle at M being right, we ſhall finde the baſe C N to be the Sine of 34. which was required for the Suns amplitude.

CHAP. XIII. Having the elevation of the pole, and amplitude of the Sun, to find his declination.
FIrſt, lay the threed to the amplitude counted in the limb, then take it over at the ſhorteſt extent, from the coſine of the latitude, ſo ſhall you have the Sine of the ſuns decli­nation betwixt your compaſſes.
So in this figure, the amplitude C N being. 34 deg. 9 min. and the angle at N being coſine to the latitude, the an­gle at M being a right angle, we ſhal find CM to be 20 deg. for the declination of the ſun which was required.
[Page]
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CHAP. XIIII. Having the latitude of the place, and the declination of the Sun, to find his height in the Vertical circle.
FIrſt, take the ſine of the declination of the Sun, and ſetting one foot in the Sine of the latitude, with the o­ther lay the threed to the neereſt diſtance; ſo ſhall it ſhew upon the limb the height of the Sun in the Verticall circle.
So in the figure of the laſt Chapter, the angle C I O being 52 deg. 30 min. the latitude of the place, and C O the Suns declination 20 degrees, and the angle C O I [Page] being a right angle we may find C I to be a ſine of 25 deg. 32 min. the height of the ſun in the Vertical circle which was required.

CHAP. XV. Having the latitude of the place, and the diſtance of the Sun from the next Equinoctiall Point, to find his height in the verticall circle.
FIrſt, take the ſine of the ſuns greateſt declination, & ſet­ting one foot in the ſine of the latitude, with the other lay the threed to the neereſt diſtance: the threed lying ſtill in this poſition; from the ſine of the ſuns place take the nee­reſt extent thereunto, which ſhall be the ſine of the ſuns height in the Vertical circle.
So in the figure of the 13 chapter, the angle at I being 52 deg. 30 min. which is the latitude of the place, and the angle at K the ſuns greateſt declination, and K C being 59 deg. the ſuns diſtance from the next equinoctiall point, we ſhall find C I to be 25 deg. 32 min. for the height of the ſun in the Vertical circle.

CHAP. XVI. Having the latitude of the place and the declination of the Sun, to finde the time when the Sun commeth to be due eaſt or weſt.
WIth the ſine of the declination, ſet one foot in the ſine of the latitude, and with the other lay the threed to the neereſt diſtance: then take it over at the neereſt extent [Page] from the co-ſine of the latitude; which diſtance keep; and ſetting one foot in the co-ſine of the declination, with the other lay the threed to the neereſt diſtance: ſo ſhall it ſhew upon the limbe, the quantitie of degrees betwixt the houre of ſix and the Eaſt or Weſt points.
So in the figure in the 13 Chapter, the declination C O being 20 deg. and the angle O I C being 52 deg 30 min. the complement whereof is the angle O C I, we may find the ſine O I which diſtance keep; now ſeeing O I is a ſine of the Radius O F & not of AEC, therefore by the 4 Chapter, you may find the quantity of that unknown ſine; for ſeeing the Radius O F is the coſine of the declination, therefore ſet one foot therein, and with the other diſtance kept, lay the threed to the neereſt diſtance: ſo ſhall it ſhew upon the limbe 16 deg. 30 min. which converted into time maketh 1 houre, and 6 min. for the quantitie of time betweene the hour of ſix and the ſuns being in the Eaſt or Weſt points.

CHAP. XVII. Having the latitude of the Place, and the declination of the ſun, to find his altitude at the houre of ſix.
FIrſt, take the threed, and lay it upon the declination counted in the limbe; then from the ſine of the latitude, take it over at the ſhorteſt extent; which diſtance ſhall be the ſine of the height of the ſun at the houre of ſix.
So in the figure of the 13 Chapter, the angle at L being a right angle, and L O C being 52 deg. 30 min. the latitude of the place, and C O the declination of the ſun being 20 deg. we ſhall find C L to be the ſine of 15 deg. 44 min for the height of the ſun at the houre of ſix, which was equired.

CHAP. XVIII. Having the latitude of the place, and the height of the ſun at the hour of ſix, to find what azimuth he ſhall have at the houre of ſix.
[Page]
FIrſt, with the ſine of the ſuns height at the houre of ſix, ſet one foot in the ſine of the latitude, and with the other lay the threed to the neereſt diſtance: then take the leaſt diſtance thereunto from the coſine of the latitude, now with this diſtance ſetting one foot in the coſine of the alti­tude, with the other lay the threed to the neereſt diſtance as before: ſo ſhall it ſhew upon the limbe, the azimuth of the ſun from the Eaſt or Weſt points.
So in the figure of the 13 chapter, the angle CLO being a right angle, and the angle L C O being 37 deg. 30 min. the coſine of the latitude, the angle L O C muſt be 52 deg. 30 min. the latitude of the place being the complement of the angle L C O, and C L being 15 deg 44 min. (as by the laſt chapter it did appeare) we ſhall find L O to be the ſine of 12 deg. 30 min. for the azimuth of the ſun from the Eaſt or Weſt, at the hour of ſix as was required.

CHAP. XIX. Having the declination of the ſun, to finde his Right Aſcenſion.
FIrſt, with your compaſſes take the ſine of the ſuns de­clination given, and ſetting one foot in the ſine of the ſuns greateſt declination, with the other lay the threed to [Page] the neereſt diſtance: then at the leaſt diſtance from the co­ſine of the ſuns greateſt declination take it over: now again, with this diſtance lay the threed to the neereſt diſtance from the coſine of the declination given, ſo ſhall it ſhew upon the limbe the right aſcenſion of the ſun.
So in the figure of the 13 chapter, C O the ſuns declinati­on being 20 deg. and the angle O K C being 23 deg. 30 min. the ſuns greateſt declination, and the angle K C O being the complement of the angle O K C we ſhall find K O to be the ſine of 56 deg. 50 min. for the right aſcen­ſion of the ſun required.

CHAP. XX. Having the latitude of the place, and the declination of the Sun, to finde the Aſcenſionall difference.
FIrſt, take the ſine of the Suns declination, and ſetting one foot in the co-ſine of the Latitude, with the other lay the threed to the neereſt diſtance: then at the leaſt di­ſtance take it over from the ſine of the Latitude: with which, ſetting one foot in the co-ſine of the declination, with the other lay the threed again to the neereſt diſtance, ſo ſhall it ſhew upon the limbe the Suns Aſcenſionall dif­ference.
So in the figure of the 13 Chapter, the angle M C N being 52 deg. 30 min. and the angle C N M being the complement thereof, the one being the latitude, and the other the co-latitude, and C M being 20 deg. the ſine of the Suns declination, we ſhall finde M N 28 deg. 19 min. for the difference of Aſcenſions, which being converted [Page] into time, maketh 1 houre, and ſomthing better then 53 min.
Now when the Sun hath North declination, if you take this difference of Aſcenſion (which is 1 houre 53 min.) out of 6 houres, there will be left 4 hours 7 min. for the time of Sun riſing, and if you adde it unto 6 hours, the ſame will be 7 houres 53 min. for the time of Sun ſetting.
And ſo contrarily, when the Sun hath South declinati­on, if you adde this aſcenſionall difference to 6 hours, you ſhall have the time of his riſing, and if you take it away from 6 hours, that which is left ſhall be the time of Sun ſetting.

CHAP. XXI. The Latitude of the place, the Almicanter, and declination of the Sun being given, to finde the Azimuth.
IF the Suns declination be Northward, then by the 14 or 15 Chapters get his height in the Verticall Circle for the day propoſed: from the ſine of which take the diſtance unto the ſine of the Suns altitude obſerved: with this di­ſtance, ſetting one foot in the co-ſine of the Latitude, with the other lay the threed to the neereſt diſtance; unto which (being kept ſtill in this poſition) take the leaſt di­ſtance from the ſine of the Latitude, with this diſtance, ſet­ting one foot in the co-ſine of the Suns altitude, with the other lay the threed again to the neereſt diſtance, ſo ſhall it ſhew upon the limb the Suns Azimuth from the Eaſt or Weſt, either Northward or Southward.
So in this figure, having N M the diſtance betwixt the [Page] ſine of 14 deg. 33 min. (the height of the Sun in the Verticall circle) and the ſine of 30 deg. 45 min. the height of the Sun at the time of obſervation, and 52 deg. 30 min.
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 the angle N O M the Latitude of the place, the comple­ment whereof is 37 deg. 30 min. the angle M N O, we ſhall finde M O to be the ſine of 23 deg. 17 min. the Azi­muth from the Eaſt or Weſt points Southward.
And here note, when the declination is Northward, that as when the latitude of the Sun given, and his height in the [Page] Verticall circle is equall, he is directly in the Eaſt or Weſt, ſo when his altitude given is greateſt, then is the Azimuth toward the South, and when his altitude given is leaſt, then is the Azimuth towards the North.
But if the declination of the Sun be Southward, then by the 10 or 12 Chapters, finde the Amplitude for the day propoſed.
Now firſt, take the ſine of the Suns altitude, and ſetting one foot in the co-ſine of the Latitude, with the other lay the threed to the neereſt diſtance, which threed lying ſtill in this poſition, take it over at the ſhorteſt extent from the ſine of the Latitude, this diſtance adde to the ſine of the Amplitude, by ſetting one foot in the ſine of the Ampli­tude, and extending the other upon the line of ſines, theſe two being thus joyned, take them betwixt your Compaſ­ſes, ſetting one foot in the co-ſine of the Suns altitude, and with the other lay the threed to the neereſt diſtance: ſo ſhall it ſhew upon the limb the Suns Azimuth from the Eaſt or Weſt, towards the South.
So in this figure, having V C or T N, 19 deg. 7 min. the Amplitude for the day propoſed, and T V the ſine of the Suns altitude being 13 deg. 20 min. and 52 deg. 30 min. the angle V X T, the latitude of the place; and the angle T V X, the complement thereof; we ſhall finde X N to be the ſine of 40 deg. 11 min. the Azimuth of the Sun from the Eaſt or Weſt points Southward, which was required.

CHAP. XXII. The latitude of the place, the declination and altitude of the Sun being given, to finde the houre of the day.
[Page]
IF the declination of the Sun be Northward, finde the height of the Sun at the houre of ſix by the 17 Chapter, betwixt which ſine, and the ſine of the Suns altitude given, take the diſtance upon the line of ſines, with which di­ſtance, ſetting one foot in the co-ſine of the latitude, with the other lay the threed to the neereſt diſtance, the threed lying ſtill in this poſition, take it over at the ſhorteſt ex­tent from the ſine of 90 deg. with this diſtance, ſetting one foot in the co-ſine of the declination, with the other lay the threed again to the neereſt diſtance: ſo ſhall it ſhew upon the limb the quantity of time from the houre of ſix.
So in this figure, having M N the diſtance betwixt the ſine of 9 deg. 5 min (the height of the Sun at the houre of ſix) and the ſine of 42 deg. 33 min. the height of the Sun given, and the angle M O N 52 deg. 30 min. the La­titude of the place, and his complement M N O, we ſhall finde N O to be the ſine of 60 deg. the quantity of time from the houre of ſix, which 60 deg. is four hours of time. And here alſo note, that if the altitude given be greater then the altitude of the Sun at the houre of ſix, then is the time found to the Southward of the houre of ſix; but if it be leſſer then is it to the Northward.
But if the declination of the Sun be Southward, finde his depreſſion at the houre of ſix, by the 17 Chapter, for [Page] the day propoſed, which will be equall to his height at ſix, if the quantity of declination be alike.
[Dialling diagram]
Now take the ſine of this depreſſion, and adde it to the ſine of his altitude obſerved, by ſetting one foot in the ſine of his altitude, and extending the other upon the line of ſines: Theſe two being thus joyned together in one, take them betwixt your compaſſes, and ſetting one foot in the co-ſine of the latitude as before, and with the other, lay the threed to the neereſt diſtance: which lying ſtill in this po­ſition, take it over at the ſhorteſt extent from the ſine of [Page] 90 deg. with this diſtance, ſetting one foot in the co-ſine of the declination as before, with the other lay the threed again to the neereſt diſtance: ſo ſhall it ſhew upon the limb the quantity of time from the houre of ſix.
So in this figure, having the ſine of 15 deg. 24 min. the altitude of the Sun given, and the ſine of 9 deg. 5 min. his depreſſion at the houre of ſix, joyned both together in one ſtreight line, as T V, and having the angle T X V 52 deg. 20 min. the Latitude given, and the angle T V X the co-latitude, we ſhall find T X to be the ſine of 45 deg. the quantity of time from the houre of ſix, which con­verted into time will make three houres.

The end of the fourth Book.


THE FIFTH BOOK. Shewing how to deſcribe the houre-lines upon all ſorts of planes howſoever, or in what Latitude ſoever ſcituated, by a Qua­drant fitted for the purpoſe.
[Page]
CHAP. I. How to examine a plane for an Horizontall Diall.
IF your plane ſeem to be levell with the Horizon, you may try it by laying a Ruler thereupon, and applying the ſide A B of your Quadrant to the under ſide thereof, and if the threed with the plummet doth fall di­rectly upon his levell line A C; which way ſoever you turn it, it is a horizontall plane. Or if you ſet the ſide A B of your Quadrant upon the upper ſide of your Ruler, ſo that the centre may hang a little over the end of your ruler, and holding up a threed and plummet, ſo that it may play upon [Page] the centre, if it ſhall fall directly upon his levell line A C, making no angle therewith, it is an horizontall plane, as here you may ſee by this figure.
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CHAP. II. Of the trying of planes, whether they be erect or inclining, and to finde the quantity of their inclination.
IF the plane ſeeme to be erect, you may try it by hold­ing the Quadrant, ſo that the threed may fall on the plumb line A C, for then if that ſide of the Quadrant ſhall lie cloſe to the plane, it is erect, and a line drawn by [Page] that ſide of the Quadrant ſhall be a Verticall line; and the line which croſſeth this verticall line at right angles, will be the Horizontall line, as here you may ſee in this figure, the plane D E F G being erect, and the line D E being verticall, the line F G muſt be horizontall. But if the plane ſhall incline, the quantity of inclination may be found out after this manner.
Firſt, you muſt draw thereon the horizontall line, which you may doe upon the under face, by applying the ſide A B of your Quadrant thereunto, ſo as the threed and plummet may fall upon the plumb line A C, the ſide A B lying cloſe with the plane, by which if you draw a line, it ſhall be parallel to the Horizon.
Or you may draw a horizontall line upon the upper face, by laying a Ruler thereupon, and applying the ſide A B of your Quadrant to the under ſide thereof, ſtill moving your Rule, untill the threed and plummet doth fall directly upon the plumb line A C, the Rule lying thus cloſe to the plane, you may thereby draw a line parallel to the Hori­zon.
Having drawn this horizontall line M N, croſſe it at right angles with the perpendicular K D; unto which, if it be the under face, apply the ſide A B of your Quadrant, ſo ſhall the threed upon the limb give you the angle of in­clination required.
But if it be the upper face of the plane, then lay a Ruler to the perpendicular K D; unto the under ſide whereof, apply the ſide A B of your Quadrant, as is here ſhewed in this figure, ſo ſhall the degree of the Quadrant give you C A H, the angle of inclination required.
But if it be ſo, that you cannot apply the ſide of your Quadrant to the under ſide of your Ruler, then ſet it upon [Page] 
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 the upper ſide thereof, ſo that the center thereof may hang a little over the end of the Ruler, and holding up a threed and plummet, ſo that it may fall upon the center A, and it ſhall ſhew upon the limbe, the inclination of the plane, which is the angle C A H, equall to the former angle.
Here you muſt be needfull that both edges of your Ru­ler be ſtreight, and one parallel to the other.

CHAP. III. To finde the Declination of a plane.
[Page]
TO finde out this declination you muſt make two ob­ſervations by the Sun: the firſt is of the angle made between the horizontall line of the plane, and the Azi­muth wherein the Sun is at the time of obſervation: the ſecond is of the Suns altitude: both theſe obſervations ſhould be made at one inſtant.
Firſt, for the horizontall diſtance, having drawn upon your plane a line parallel to the Horizon, apply the ſide of your Quadrant thereunto; holding it parallel to the Ho­rizon, then holding up a threed and plummet at full liber­ty, ſo as the ſhadow thereof may paſſe through the centre of the Quadrant, obſerve the angle made upon the Qua­drant by the ſhadow of the threed, and that ſide with the horizontall line, for that is the diſtance here required.
Then at the ſame inſtant, as neer as may be, take the Suns altitude, that ſo you may finde the Suns Azimuth from the Eaſt or Weſt points; by the 21 Chapter of the fourth Book.
Having thus gotten the horizontall diſtance, with the Azimuth of the Sun for the ſame time, deſcribe a Circle as A B C D, repreſenting the horizontall circle, and draw the diameter A C, which ſhall repreſent the horizontall line F G of the laſt Chapter. Now ſuppoſing the horizontall diſtance to be 38 deg. 30 min. the angle O A B of the laſt Chapter, place it from C Southward to E (that is from the ſame end of the horizontall line with which the angle was made upon the plane) and draw the line E Z: Then [Page] ſuppoſing the altitude of the Sun at the ſame time to be 30 deg. 45 min. with 11 deg. 30 min. North declination, and ſo by the 21 Chapter of the fourth Book, the Azimuth will be found to be 23 deg. 17 min. from the Eaſt South­ward, being the obſervation was made in the forenoon: this 23 deg. 17 min. I place from E (the place of the Sun at the time of obſervation;) unto R, (which is the true point of the Eaſt,) and draw the line H R repreſenting the Verticall Circle, ſo ſhall the angle made between the ho­rizontall line of the plane, and the line of Eaſt and Weſt, be the declination of the plane, which in this example is found to be 15 deg. 13 min. the angle C Z R.
[Dialling diagram]
[Page]
Or you may obſerve the angle made between the ſha­dow of the threed, and that ſide of the Quadrant which lyeth perpendicular unto the horizontall line of the plane, which in this example is 51 deg. 30 min. the complement of the former angle, and it is the angle O A C in the former Chapter upon the Quadrant.
Now having drawn your Horizontall Circle as before, and the diameter A C for the horizontall line of the plane, you may croſſe it at right angles with the diameter B D, for the Axis of the planes horizontall line, from which as from D, you may ſet your horizontall diſtance on the ſame ſide thereof, as before you found it by your obſerva­tion, as here from D to E, and draw the line E Z for the line of the ſhadow, and having found the Azimuth of the Sun 23 deg. 17 min. from the Eaſt Southward, you may ſet it from E (the place of the Sun) Northward to R, and draw the line R Z H for the line of Eaſt and Weſt, as be­fore.
Or if you take the Suns Azimuth from the South, which in this example will be 66 deg. 43 min. the com­plement of the former 23 deg. 17 min. you may ſet it from E (the place of the Sun) unto S Southward, and draw the line S Z N for the Meridian, ſo ſhall the arch S D or R C be 15 deg. 13 min. for the declination as before.

CHAP. IV. To draw the houre-lines upon the Horizontall, the full North or South planes, whether erect or inclining.
SEeing the making of theſe Dials are all after one man­ner, we will here proceed to make an Horizontall Diall, [Page] by help of the lines upon the Quadrant, fitted for that pur­poſe.
Therefore having by the 10 Chapter of the third book found the elevation of the pole above the plane, we may proceed after this manner.
Firſt, draw the line D A F of ſufficient length, out of the middle whereof let fall the perpendicular A B for the Meridian and Subſtile, then take the line D E or E F out of your Quadrant, and ſet it from A to B in the Meridian; through which point B draw the line E B C parallel to D A F, now ſuppoſing the elevation of the pole above the plane, to be 52 deg. 30 min. the latitude of the place; from the Sine thereof take the neereſt extent unto A E the line of latitudes, and ſet it from A to D, and from A to F both wayes, and from B to C, and from B to E, and draw the lines D C and E F making the long ſquare C D F E: the two angles whereof C and E ſhall be the points for the hours of 3 and 9 in all theſe kinde of planes that declines not from the North or South.
Then applying the threed to the firſt houre-point in the limbe B C or D F, as to m or g, it will cut the tangent line D E in 5, then take the diſtance D 5, and ſet it down here from D to 5, and from F to 7; with this diſtance ſetting one foot in the Sine of 90 deg. with the other lay the threed to the neereſt diſtance; unto which take the ſhorteſt extent from the Sine of the elevation of the pole above the plane: this diſtance ſet from B to 1, and from B to 11, then again apply your threed to the next hour in the limbe as at n or h, and it will cut the tangent line D E at 4 there­fore take D 4 from your Quadrant, and ſet it from D to 4, and from F to 8, with this diſtance from the Sine of 90 deg. open the threed as before, and take it over from the [Page] Sine of the height of the Stile, this diſtance prick down from B to 2, and from B to 10, ſo have you all the houre-points pricked down; by which and the centre A you may
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 draw all the hour-lines, as here you ſee done, the line A B for 12, and the line D A F for the two ſixes.
For the hour-lines before ſix and after, you may extend their oppoſite houre lines beyond the centre as was ſhewed in the 8 chapter of the third book.
What is here ſhewed concerning the hours, the like may be underſtood for the half hours, by applying the threed thereunto in the limbe.

CHAP. V. To draw a Diall upon a South or North erect declining plane.
[Page]
IN the drawing of all theſe kinde of Dials by help of this Quadrant, when the Latitude of the place, and the de­clination of the plane is known, two things more is to be conſidered: Firſt, the elevation of the Pole above the plane,: Secondly, the inclination of the Meridian of the plane, to the Meridian of the place; both which will ſpee­dily be found when you are ready for them.
Firſt therefore, draw the line D A F as before, from the middle whereof let fall the perpendicular A B for the ſub­ſtilar, and at the diſtance of the tangent line D E, draw the line C B E parallel to the line D A F.
Now to finde the elevation of the pole above the plane, lay the threed upon the co-ſine of the Latitude counted on the limb, and take it over at the neereſt extent from the co-ſine of the declination, which diſtance ſhall be the ſine of the elevation of the pole above the plane.
So the declination of the plane being 32 deg. in the La­titude of 52 deg. 30 min. the elevation of the Pole above the plane will be 31 deg. 5 min. from the ſine of which take the neereſt extent unto the line of Latitudes, this di­ſtance ſet from A to D and F both wayes, and from B to C and E, and draw the lines D C and E F, making the long ſquare C D F E, as in the former Chapter.
For the inclination of Meridians, take the ſine of the declination of the plane, and ſetting one foot in the co-ſine of the ſtiles elevation, with the other lay the threed to the [Page] neereſt diſtance, ſo ſhall it ſhew upon the limb the inclina­tion of Meridians to be 38 deg. 13 min.
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The threed lying ſtill in this poſition, obſerve which of the houres and where it cutteth; which will be the ſlope line n I in the point y; to this point y ſet the bead, which by this means is fitted to the deſcription of this Diall: the threed lying ſtill in the former poſition, you ſhall ſee it cut the tangent D E in the point S upon the Quadrant, there­fore take D S with your Compaſſes, and prick it down here from D to 6, with this ſame diſtance from the ſine of 90 deg. open the threed to the leaſt diſtance, and taking [Page] it over from the ſine of the height of the ſtile; you ſhall have the diſtance from B to 12. And here note, that as in the 13 Chapter of the third Book, the ſubſtile is placed on that ſide the Meridian which is contrary to the planes de­clination; ſo here the Meridian is placed on that ſide the ſubſtile whereon the declination of the plane is.
The bead being thus fitted, apply it to every houre-line by removing the threed, as firſt, I remove it to the lines m h and B g, and it will cut the line D E upon the Qua­drant in r and q, therefore I take D r and D q, and prick them down from D to 5 and 4, with theſe ſame diſtances open the threed as before from the ſine of 90; and by ta­king it over from the ſine of the height of the ſtile, you ſhall have the diſtances B 11 and B 10: again, the bead being applyed to the line k E; the threed will cut the co-tangent line in T, therefore take F T from your Quadrant, and prick it down here from F to 1, with this fame di­ſtance, open the threed from the ſine of 90 deg. as before, and by taking it over from the ſine of the height of the pole above the plane, you ſhall have the diſtance B 7: then again, the bead being applyed to the lines l O and F P, the threed will cut the co-tangent line F E in V and W, there­fore take F V and F W, and prick them down here from F to 2 and 3, with theſe diſtances open the threed from the ſine of 90 deg. and take them over from the ſine of the height of the ſtile, ſo ſhall you have the diſtances B 8 and B 9, thus have you the twelve houres pricked down, by which points and the centre A, you may draw the houre-lines, as here you ſee.
In the like manner may the half hours be ſupplyed.
The Diall being thus drawn on paper, you muſt place it ſo upon the plane, that the twelve a clock houre-line may [Page] be perpendicular unto the Horizon, according to the 11 or 15 Chapters of the third Book.
Note, that if the inclination of Meridians ſhall be more then 45 deg. ſo that the threed doth cut the co-tangent line F E, then you muſt take the diſtance from F to the threed, and prick it down either from D or from F upon the line D C or F E for the twelve a clock point, according as the plane ſhall decline either Eaſtward or Weſtward, and his parallel taken from the ſine of the height of the ſtile, ſhall give the diſtance from B to 6, and ſo of the reſt.

CHAP. VI. To draw a Diall upon an Eaſt or Weſt Inclining plane.
IN theſe planes, as in the former, when we have the lati­tude of the place and the inclination of the plane, we have two things more to conſider before we can draw the houre-lines upon the plane.
Firſt, the elevation of the Pole above the plane: Se­condly, the inclination of both Meridians.
For the elevation of the Pole above the plane, lay the threed upon the Latitude counted in the limb, and take it over at the neereſt extent from the co-ſine of the inclina­tion, which diſtance ſhall be the ſine of the elevation of the Pole above the plane.
So in the Latitude of 52 deg. 30 min. if a plane ſhall in­cline 40 deg. to the Horizon, the height of the ſtile will be 37 deg. 26 min. with which you may proceed to make your parallelogram or long ſquare, as in the former Chap­ters.
[Page]
Then for the inclination of Meridians, take the ſine of the inclination of the plane with your Compaſſes, and ſetting one foot in the co-ſine of the the Poles elevation above the plane, with the other lay the threed to the nee­reſt diſtance, and it will ſhew upon the limb the inclination required.
Thus in the latitude of 52 deg. 30 min. if a plane ſhall in­cline 40 deg. to the Horizon, the inclination of both me­ridians,
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 [Page] will be 54 deg. 2 min. The threed lying ſtill up­on this inclination of Meridians, you may ſee both which and where it cutteth the houre-lines, and ſo accordingly rectifie the bead as before was ſhewed.
And you may alſo ſee where the threed cutteth the co­tangent line E F, that ſo you may take the diſtance from the point F upon the Quadrant, unto the point of interſection of the threed with the co-tangent line; this diſtance you muſt ſet here from D to 12, and with the ſame, open the threed from the ſine of 90 deg. as before, and take it over from the ſine of the height of the ſtile, which ſhall be the diſtance from B to 6, and ſo you may proceed to prick down the reſt of the hours as in the laſt Chap was ſhewed.
In all theſe planes you muſt place the line of twelve parallel to the Horizon, according to the 17 Chapter of the third Book, in which Chapter is fully ſhewed the true ſcituation of this Diall upon the plane.

CHAP. VII. To draw a Diall upon a declining inclining plane.
IN the making of theſe kinde of Dials by this Quadrant, when the latitude of the place, and the declination, and inclination of the plane is known, there is ſix things more to be conſidered before we can come to the drawing of this Diall upon the plane.
	1 The inclination of the plane to the Meridian.
	2 The Meridians aſcenſion.
	3 The elevation of the Meridian.
	4 The poſition latitude.
	5 The elevation of the pole above the plane.
	6 The inclination of Meridians.

All theſe ſix may ſpeedily be found out upon the Qua­drant after this manner.
1 To finde the inclination of the plane to the Meridian.
Lay the threed upon the inclination of the plane count­ed in the limb, and taking it over at the ſhorteſt extent from the ſine of the planes declination; you ſhall have the ſine of the complement of the inclination of the plane to the Meridian.

2 To finde the Meridians aſcenſion and elevation.
Take with your Compaſſes the co-ſine of the declina­tion, and ſetting one foot of your Compaſſes in the ſine of the inclination of the plane to the Meridian, with the other lay the threed to the neereſt diſtance; ſo ſhall it ſhew upon the limb, the Meridians aſcenſion required.
The threed lying ſtill in this poſition, take it over from the ſine of the inclination given, and you ſhall have the elevation of the Meridian his ſine, which was required.
Now if the planes inclination ſhall be Southward, adde the elevation of the Meridian to your Latitude; ſo ſhall the ſum (if leſſe then 90 deg.) be the poſition Latitude: but if the ſum ſhall exceed 90 deg. take the complement there­of to 180 deg. for the poſition Latitude here required.
And if the plane ſhall incline toward the North, com­pare the Meridians elevation with your Latitude, and ſub­duct the leſſer out of the greater, ſo ſhall the difference give you the poſition Latitude; if there be no difference, it is a declining polar plane, and may be deſcribed as in the lat­ter part of the laſt Chapter of the third Book.

3 To finde the elevation of the Pole above the plane.
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Lay the threed to the poſition Latitude counted in the limb, and take it over at the neereſt extent from the ſine of the inclination of the plane to the Meridian; and you ſhall have the ſine of the elevation of the Pole above the plane.

4 To finde the inclination of Meridians.
Take the co-ſine of the inclination of the plane to the Meridian, and ſetting one foot in the co-ſine of the height of the ſtile, with the other lay the threed to the neereſt ex­tent, ſo ſhall it ſhew upon the limb, the inclination of the Meridian of the plane, to the Meridian of the place, as was required.
According to theſe Rules, Suppoſe a plane to incline towards the North 30 deg. and to decline from the South towards the Eaſt 60 deg. in the Latitude of 52 deg. 30 min. Firſt, I finde the inclination of the plane to the Meridian to be 64 deg. 20 min. Then I finde the Meridians aſcen­ſion to be 33 deg. 41 min. In like manner I finde the ele­vation of the Meridian to be 16 deg. 6 min. and becauſe the plane inclineth towards the North, I compare this arch with the Latitude of the place, and finding it leaſt I take it therefrom, and there remaineth 36 deg. 24 min. for the poſition Latitude: and ſo the elevation of the pole above the plane is 32 deg. 20 min. and the inclination of Meri­dians 30 deg. 52 min.
The elevation of the Pole above the plane, with the inclination of Meridians being thus found out, you may proceed to draw the Diall as in the former planes.
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The Diall being thus drawn on paper, you may place it in a right ſcituation upon the plane, by help of the Meri­dians aſcenſion here found out, with the directions given in the laſt Chapter of the third Book.
[Dialling diagram]
In all kinde of plane Dials, the ſtile muſt be placed over the ſubſtile, making an angle therewith equall to the ele­vation of the Pole above the plane, as hath been fully ſhew­ed in the third Book.


CHAP. VIII. In any erect declining Diall, having the diſtance of the ſubſtile from the Meridian, in a known Latitude; how thereby to get the Cocks elevation, and the declination.
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IN any of theſe Dials, if the Cock be loſt, you may here­by get the height thereof again, and make it anew, for though it be gone, the ſubſtile where it ſtood will remain.
Firſt, therefore get the quantity of the angle of deflexiō by the ſecond Chapter of the ſecond Book, which is the angle included between the line of 12 and the ſubſtilar, which admit to be 22 deg. 8 min. as in the Diall of the 15 Chap. of the third Book.
This being found, take the ſine of the Latitude betwixt your Compaſſes, and ſetting one foot in the co-ſine of the angle of deflexion found, with the other lay the threed to the neereſt diſtance: ſo ſhall it ſhew upon the limb the ele­vation of the Pole above the plane.
So in the Latitude of 52 deg. 30 min. the diſtance of the ſubſtile from the Meridian, being 22 deg. 8 min. as in the ſaid 15 Chap. the elevation of the Pole above the plane will be 31 deg. 3 min. by which you may faſhion a new Cock to the Diall at your pleaſure.
To finde the Declination.
Take the ſine of the height of the ſtile, and ſetting one foot of your Compaſſes in the ſine of the complement of the Latitude, with the other lay the threed to the neereſt diſtance: ſo ſhall it ſhew upon the limb the complement of the declination of the plane. So ſhall you finde the de­clination of the former plane to be 32 deg.

The end of the fifth Book.


§
[Page]
AN APPENDIX. SHEWING How the Parallels of Declination, the Parallels of the length of the day, the Jewiſh, Babyloniſh and Italian Houres; the Azimuths, Almicanters, and the like, may be eaſily inſcribed in any Diall whatſoever, by Rule and Compaſſe only.
Whereby the Suns place, the day of the Moneth, the Riſing and ſetting of the Sun, the length of the Day and Night, the point of the Compaſſe, and other neceſſaries, may be diſcovered at firſt ſight, only by looking upon the Diall.
Alſo how to draw a Diall on the ſeeling of a Room.
By W. L.
LONDON, Printed by R. & W. Leybourn, for Thomas Pierrepont, at the Sun in Paul's Church-yard: 1652.


THE APPENDIX.
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CHAP. I. How to deſcribe the Equinoctiall, Tropicks; and other parallels of the Suns courſe or Declination, in all kinde of planes.
ALL Circles of the Sphere whether great or ſmall, that may be projected upon any Diall-plane, become various according as the planes on which they are to be drawn are ſcituate; but not­withſtanding this, all great Circles, viz▪ ſuch as divide the Sphere into two equal parts, as all Houres, Azimuths, and Horizons, are ſtreight lines, though variouſly projected, according as the planes on which they are drawn doe lie in reſpect of them. And [Page] all ſmall Circles, viz. ſuch as divide the Sphere unequally, are Conick Sections, namely, either Elypſes, Hyperbola's, or Parabola's, except they be drawn upon ſuch planes as lie parallel to thoſe ſmaller Circles, and therefore the parallels of declination in the Equinoctial plane, and the Circles of Altitude in an Horizontall plane, are perfect Circles. For the Equinoctiall Diall lying in the very plain of the Equi­noctiall Circle is parallel to all the parallels of declination; as the Horizontall Diall lying in the very plain of the Ho­rizon, is parallel to all the Almicanters or Circles of Al­titude.
Now becauſe the Sun in his courſe moveth continually between the two Tropicks; and never exceedeth thoſe bounds; ſo likewiſe, all Aſtronomicall concluſions that are to be drawn upon any Diall plane, are limited either by the Equinoctiall, or by one or both of the Tropicks: there­fore it is requiſite; firſt, to ſhew you how to deſcribe the Equinoctiall and the Tropicks upon all kinde of planes, be­cauſe it is them that limit and confine all other intermedi­ate parallels, whether they be of the Suns entrance into the Signes, or the Diurnall arches for the length of the day. And therefore I ſhall firſt ſhew you how to perform this work upon ſuch planes as lie parallel to the Axis of the World, as doe the Eaſt and Weſt Dials, and the Polar, whether direct or declining.
§. 1. In the Eaſt, Weſt, and Polar Dials.
HOw to make an Eaſt or Weſt Diall you are taught be­fore, therefore let the Square A B C D be a plane, on which there is an Eaſt Diall drawn, the height of the ſtile being equall to the diſtance between the houres of 9 and 6, [Page] noted there with the letters E G, and let it be required to draw upon the ſame plane the Equinoctiall and the two Tropicks. Now the Equinoctiall being a great circle of the Sphere, it is therefore a ſtreight line, and is repreſented in the Diall following by the line H F. The houre-lines and the Equinoctiall being thus drawn, we may proceed to the reſt of the work in this manner.
Upon a piece of fine
[Dialling diagram]
 paſtboard, or other conve­nient matter, draw a line as O R, and upon O as a cen­ter deſcribe the arch of a circle R S, and becauſe the declination of the Tropick of Cancer or Capricorn is 23 deg. 31 min. diſtant frō the Equinoctiall, on either ſide thereof, therefore on the arch R S ſet 23 deg. 31 min. from R to S, and draw the line O S, then ſhall the line O R repreſent the E­quinoctiall, and the other line O S either of the Tro­picks, and this triangular fi­gure O R S, we ſhall here­after call the Trigon.
Having fitted your Tri­gon, you muſt have recourſ to your Diall, and from thence with your Com­paſſes you muſt firſt take [Page] out the diſtance E G (equall to the height of the ſtile of the ſame Diall) and prick it down in the Trigon from O to P, and draw the line P 6 perpendicular to O R.
Secondly, going to your plane again, take the diſtance from G the top of the ſtile, to 7 in the Equinoctiall of your plane; and place that diſtance in the Trigon from O to q, and draw the line q 7 perpendicular to O R. Third­ly, take out of your plane the diſtance G 8, and prick it down in your Trigon from O to r, and draw the line r 8 perpendicular to O R. Fourthly, take out of your plane the diſtance G 9, and prick it down in your Trigon from O to s; and draw s 9 perpendicular to O R. Fifthly, take out of your plane the diſtance G 10; and prick it down in your Trigon from O to t, and draw t 10 perpendicular to O R. Laſtly, take the diſtance G 11, and prick it down in your Trigon from O to v, and draw v 11 perpendicular to O R, as before.
Theſe diſtances being, all of them, taken out of your plane, and placed on your Trigon, it reſteth now to ſhew you how they muſt be again transferred from the Trigon to the plane. Therefore, to finde upon the houre-lines of your plane, the points through which the Tropick of Cancer muſt paſſe you have no more to do but thus. Firſt, out of your Trigon, take the diſtance P 6, and ſet that ſame diſtance upon your plane from 6 to c upon the hour-line of ſix. Secondly, take out of your Trigon the di­ſtance q 7, & place that diſtance upon the plane from 5 to b and from 7 to d, upon the hour-lines of 5 and 7. Thirdly, take out of your Trigon the diſtance r 8, and ſet that di­ſtance on your plane from 4 to a, and from 8 to e. Fourth­ly, take out of your Trigon the diſtane s 9, and ſet it on your plane from 9 to f. Fifthly, take from your Trigon [Page] the diſtance t 10, and ſet it on your plane from 10 to g. Laſtly, take out of your Trigon the diſtance v 11, and ſet it on your plane from 11 to h.
[Dialling diagram]
Theſe points a b c d e f g h, being found upon the ſeve­rall and reſpective hour-lines, ſhall be the points through which the Tropick of Cancer, ſhall paſſe, therefore draw the line a b c d e f g h, and that ſhall be the Tropick of Can­cer, ſo that when the Sun is in Cancer, (which is about the 11 of June) the top of the ſhadow of the ſtile of your [Page] Diall will run directly along that line a b c d e f g h, and when the Sun is in the Equinoctiall, that is, in the begin­ning of Aries or Libra, (which is on the 10 of March, or the 12 of September) the top of the ſhadow of the ſtile wil run along the Equinoctiall line E F.
The Tropick of Cancer being drawn, I will now ſhew you how to draw the Tropick of Capricorn, which diffe­reth nothing from that of Cancer, becauſe they have both of them like declination from the Equinoctiall: therefore the diſtance 8 k being made equall to the diſtance 8 e, and the diſtance 9 l equall to 9 f; and the diſtance 10 m equall to 10 g, you ſhall have the points k l m upon the hours of 8, 9 and 10, through which points k l m draw the line k l m, &c. which line ſhall repreſent the Tropick of Ca­pricorn, along which line the top of the ſhadow of the ſtile ſhall run about the 11 of December, when the Sun is in Capricorn.
Having thus plainly ſhewn you how to inſert the E­quinoctiall and Tropicks into your plane, I will now give you one rule by which you may put on any other interme­diate parallels of the Suns courſe, they differing nothing at all from the directions formerly given you to inſert the Tropicks.
Conſider therefore what parallels you would put on your plane, and finde what declination the ſun hath when he is in ſuch a parallel, and accordingly inſert thoſe degrees of declination into your Trigon, as before you did for the Tropicks.
Example, Let it be required to put upon your plane, the parallels of the Suns entrance into the 12 ſignes of the Zodiaque: You muſt, firſt, finde what declination the Sun hath when he enters any of thoſe Signes, which this [Page] little Table doth plainly ſhew, by which you may ſee, that when the Sun enters into Taurus, Virgo, Scorpio, or Piſces, his declination is 11 degrees 30 minutes, and when he is in the beginning of Gemini, Leo, Sagitarius or Aqua­rius, his declination is 20 degrees 12 minutes.
A TABLE ſhewing what Declination the Sun hath at his entrance into the twelve SIGNES.	North Decli.	 	D	M	 	South Decli.
	Aries	00	00	Libra
	Taurus	Virgo	11	30	Scorpio	Piſces
	Gemini	Leo	20	12	Sagitarius	Aquarius
	Cancer	23	31	Capricorn


Therefore take 11 deg. 30 min. in your Compaſſes, and place it in your Trigon from R unto V, and draw the line O V, which ſhall repreſent the parallel of Taurus, Virgo, Scorpio and Piſces. Alſo take 20 deg. 12 min. in your com­paſſes and place it in your Trigon from R unto X, and draw O X, which ſhall repreſent the parallel of Gemini, Leo, Sa­gitarius and Aquarius.
Theſe parallels being placed in your Trigon according to their true declination from the Equinoctiall, they are to be transferred into your plane in all reſpects as the Tro­picks were, by taking out of your Trigon the diſtances from the line O R, to the ſeverall points where the hours [Page] croſſe the parallel, and place the ſame diſtances upon your plane from the Aequinoctiall upon the reſpective hour-lines, from which they were taken out of the Trigon, and through theſe points draw the lines in your plane, which ſhall be the true parallels of the Suns courſe at his entrance into all the 12 Signes of the Zodiaque, to which you may ſet the Characters of the Signes, as you ſee done in the figure.
¶And here note, that if you draw upon your plane the halves and quarters of houres, and put them into your Trigon, and transfer them to your plane again, you ſhall then have more points, through which your parallels muſt paſſe, which will much help you in the drawing thereof, (eſpecially in large planes) for there is no better way to draw theſe kinde of lines, but by finding a great number of points, and ſo draw them by hand.
¶Note alſo, that whatſoever is here ſpoken of the Eaſt and Weſt Dials, the ſame in all reſpects is to be obſerved in putting on the parallels of the Suns courſe in all planes that lie parallel to the Axis of the world as the Polar, whether direct or declining.
In all theſe kindes of planes, as the Eaſt, Weſt, and Po­lar, the ſtile were beſt to be made of a ſtreight piece of wyer, equall in length to the line E G, fixed in the point E, ſtanding perpendicular unto the plane, the end thereof at G being filed very fine and ſharpe, proportionable to the greatneſſe of the plane, for all theſe Aſtronomicall concluſions are ſhewed (not by the ſhadow of the whole [Page] length of the ſtile, but) by the very Apex or top thereof, and therefore the more care ought to be had in the form­ing and making of it.
¶The line MEN in the former Eaſt Diall is called the Horizontall line, becauſe it lyeth parallel to the Horizon, and by the meeting of the parallels of the Suns courſe with this line, the riſing of the Sun may be neerly eſtimated, for there you ſee that the Tro­pick of Cancer cutteth this line neer the point M, which is a little before the four a clock hour-line, which ſheweth, that when the Sun is in the Tropick of Cancer, he riſeth ſomewhat before four in the mor­ning, in like manner the Tropick of Capricorn cutteth the Horizontall line ſomething after 8, at which time the Sun riſeth being in Capricorn, but this by the way the farther uſe of this line ſhall be ſhewed hereafter.
I have been the larger in the work of this plane, becauſe I intend to be more brief in thoſe which follow, and this being well and truly underſtood, the others will need very few precepts or examples; yet I ſhall not omit any thing, but make it apparent to the meaneſt capacity. Having thus finiſhed the Eaſt or Weſt planes, I will now ſhew you how to doe the like in the Horizontal, full South or Norrh planes, which are the next in order.

§. 2. In the North, South, and Horizontall Dials.
IN all theſe planes the ſubſtiler and the Meridian are all one, and the height of the ſtile, in the Horizontall Diall is always equall to the latitude of the place, and you are to [Page] take notice, that whatſoever is here ſaid of the full North & South upright planes, the ſame is to be underſtood of the ful North & South reclining or inclining, all which in thoſe latitudes whoſe complement is equall to the height of the ſtile they are erect direct planes, & in thoſe latitudes which are equall to the height of the ſtile above ſuch reclining planes, they are horizontal planes. One example therefore in one plane will be ſufficient for all the reſt. Therefore, in the latitude of 52 deg. 30 min. Let it be required to de­ſcribe the Equinoctiall, and the two Tropicks in a full South erect plane.
Having drawn your Diall, with the houres, halves and quarters, as alſo the line C Q for the ſtile, you muſt make choice of ſome convenient point in the ſtile as at S for the Gnodus or knot which muſt give the ſhadow to the Tro­picks and other parallels of declination, for all theſe Aſtro­nomicall concluſions are not ſhewed by the ſhadow of the whole length of the ſtile or Axis, as the houre is, but by ſome point therein which repreſenteth the center of the earth, which in the Diall following is the point S, and the triangular ſtile in that Diall is repreſented by the triangle C S L, whereof C L is called the ſubſtilar, C S the Axis of the ſtile, and S L the perpendicular ſtile, the top of which, viz. S, is the point we are in this place to reſpect.
The Diall being drawn, and the Triangle C S L made equall to the Cock of the Diall, you muſt upon a piece of paſtboard draw the Triangle O P R equall to the ſtile in your Diall C S L, making R O equall to C L the ſubſti­lar, P O equall to C S the axis of the ſtile, and P R equall to S L the length of the perpendicular ſtile.
Then from the point P, raiſe a perpendicular as P B, re­preſenting the Equinoctiall, and on P as a center, deſcribe [Page] the arch A B C, now becauſe the Tropicks of Cancer and Capricorn doe decline 23 deg. 31 min. from the Equino­ctial, therefore take 23 deg. 31 min. from your Scale of Chords, and ſet it off upon the arch A B C from B to A, and from B to C, and draw the lines P A and P C repre­ſenting the two Tropicks of Cancer and Capricorn. This done, extend the line of the ſubſtilar R O (which in North or South erect direct planes, I told you was alwayes the ſame with the twelve aclock line) from O to 12, cutting the Equinoctiall line P B in the point a, then with your compaſſes take the diſtance O a out of your Trigon, and place it in your plane from the center C unto a, and draw the line ♈ a ♎ perpendicular to the ſubſtile or line of 12. The Equinoctiall being drawn: Firſt, take out of your plane the diſtance C b, and place that diſtance in your Tri­gon from O unto b, and draw the line O b 1, repreſenting the houre of 1 or 11 in your Diall. Secondly, take out of your plane the diſtance C c, and place that in your Tri­gon from O unto c, and draw the line O c 2, repreſenting the houre-lines of 2 or 10. Thirdly, take out of your plane the diſtance C d, and place it in your Trigon from O unto d, and draw the line O d 3, for the houres of 9 and 3. Fourthly, from our plane take the diſtance C e, and ſet in your Trigon from O unto e, and draw the line O e 4 repreſenting the houres of 4 and 8. And thus muſt you doe with the reſt of the houres in your plane if occaſi­on require.
Theſe lines O a; O b, O c, O d, and O e, in your Trigon, being extended, doe cut the Tropick of Cancer P A in the points 12, 1, 2, and 3: therefore out of your Trigon take the diſtances O 12, O 1, O 2, O 3, O 4, and ſet them up­on their correſpondent houre lines of your plane, from [Page] the center C unto g h i k and l, ſo ſhall the points g h i k and l be the points upon the houre-lines, through which the Tropick of Cancer muſt paſſe, and is therefore noted with the character of Cancer ♋ at both ends.
[Dialling diagram]
¶Now before you draw the Tropick of Capricorn, it is neceſſary to draw the horizontall line of your plane A B, which line in all upright planes muſt be drawn through the point L, the foot of the perpendicular ſtile, and perpen­dicular [Page] to the Meridian or line of 12: And in all planes whatſoever, this line muſt be drawn through the interſecti­on of the Equinoctiall with the houre of ſix. This line ought firſt to be drawn, becauſe it is very improper to ex­tend the Tropicks or other parallels of declination, above the Horizontall line, becauſe at what houre any parallel of declination cutteth this line, on either ſide of the Meridi­an, at that time doth the Sun riſe or ſet, as was inſtanced in the laſt.
[Dialling diagram]
[Page]
Now the Tropick of Capricorn muſt be put upon your plane in the ſame manner as that of Cancer, by taking out of your Trigon the diſtances from O, where the ſeverall houre-lines a b c d e doe cut the Tropick of Capricorn P C, and place them on your plane from the center C upon the reſpective houre-lines, and through thoſe points ſo found, draw the line ♑ ♑, repreſenting the Tropick of Capricorn.
¶And in the ſame manner may the parallels of the o­ther Signes be drawn upon your plane, by placing them into your Trigon according to their declinations, and after­wards transfer them into your plane, as you ſee in the former figure.
The rules that have been here given for the deſcribing of the parallels of the Signes in this erect direct plane, is univerſall in all planes, obſerving this one exception; that whereas in all erect direct planes the Equinoctiall is drawn perpendicular to the Meridian or line of 12, ſo in all other planes whatſoever, the Equinoctioll muſt be drawn per­pendicular to the ſubſtile, and then the work will be the ſame in all reſpects, as may appear more largely in the next Section.

§. 3. In Declining, or Declining Reclining Dials.
THe laſt caution preceding is ſufficient for the perfor­ming of this work, and therefore needeth no exam­ple: However, ſuppoſe an upright plane to decline 32 deg. from the South Eaſtwards, in the Latitude of 52 deg. 30 min. and let it be required to deſcribe the two Tropicks and the Equinoctiall upon ſuch a plane.
The Diall being drawn, with the ſtile and ſubſtile, make [Page] choice of ſome convenient point in the ſtile or Axis, as at C; for the Knot that muſt give the ſhadow, and from that point C, let fall a perpendicular to the ſubſtile, as C B, and through the point B, draw the horizontall line D E perpendicular to the line of 12 a clock, then ſhall the Tri­angle A B C repreſent the ſtile of the Diall. Then pro­vide a Trigon, as this figure ſheweth, making the Triangle F G H equall to the cock of your Diall, viz. F H equall
[Dialling diagram]
 [Page] to the Axis of the ſtile, G H equall to the ſubſtilar, and F G equall to the perpendicular of the ſtile, extending the line G H to O; then from the point F, raiſe the perpendi­cular F K, and on F as a center deſcribe the arch of a circle L K M, ſetting 23 deg. 31 min. (the declination of the Tropicks) from K to L and M. Then with your Com­paſſes take out of your Trigon the diſtance H c, and ſet that diſtance on the ſubſtile of your plane from the center A unto P, and draw the line ♈ P ♎ perpendicular to the ſub­ſtilar. This done, the manner of inſerting the Tropicks will be directly the ſame as before, for if you take with your compaſſes the diſtance from A the center of your Diall, to the ſeverall points where the houre-lines croſſe the Equinoctiall, and put them into your Trigon from H upon the line F K, and draw lines from H through thoſe points and both the Tropicks F L and F M, ſetting the number of the houre from whence the diſtances were ta­ken in the plane at the end of each line as is done in the Trigon, then you have no more to doe, but to take the diſtance from H to the interſections of theſe houre-lines with the Tropicks, and transfer thoſe diſtances to your plane again upon the correſpondent houre-lines, in all re­ſpects as in the work of the former Sections: So ſhall you have deſcribed the two Tropicks and the Equinoctial. And by the ſame rules and reaſon any other intermediate paral­lels of declination.
And here note, that whatſoever is ſaid of upright de­cliners, the ſame is alſo to be underſtood of thoſe planes which both decline and recline, and for the horizontal line in all reclining or inclining planes, it muſt paſſe through the foot of the perpendicular ſtile, and the interſection of the Equinoctiall with the houre of fix.
[Page]
[Dialling diagram]


CHAP. II. Shewing how to inſcribe the parallels of the length of the day on any plane,
THe parallels of the length of the day, and thoſe of the Signes are inſcribed upon all kinde of planes by one and the ſame rules, they being in the Sphere the ſame [Page] Circles; ſo that as when you put on the parallels of the Suns entrance into the 12 Signes, you ſeek what declina­tion he hath, and accordingly proceed as before; ſo now for the parallels of the length of the day you muſt ſeeke what declination the Sun hath at ſuch a length of the day as you would put into your plane, which that you may do, I have here added the rule following.
¶Conſider how much longer or ſhorter your day pro­poſed is then 12 houres, and take the difference, then the proportion will be; 
As the Sine of 90 degrees,
Is to the Sine of halfe the difference;
So is the Tangent complement of the Latitude of the place,
To the Tangent of the declination that the Sun ſhall have
when the day is at ſuch a length as you require.



As for example, Let it be required to know what de­clination the Sun ſhall have when the day is 16 houres long in the Latitude of 52 deg. 30 min. The difference betwixt 16 houres and 12 houres is 4 houres, (or 60 deg.) the halfe of which is 30 deg. Therefore ſay, 
	As the Sine of 90 deg. 10,000000
	Is to the Sine of 30 deg. which is halfe the difference 9,698970
	So the Tangent complement of the Latitude 37 deg. 30 min. 9,884980
	To the Tangent of the Declination of the ſun. 20 deg. 59 m. 9,583950

And ſuch declination ſhall the Sun have when the day is either 16 houres or 8 houres long in the Latitude of 52 deg. 30 min.
Now if the day be above 12 houres long, the Sun hath [Page] North declination, but if leſſe then 12 houres long he hath South declination. For thoſe who are ignorant of theſe kinde of prportions, they had beſt to read Mr. Nor­woods Doctrine of Triangles. But that nothing might be wanting, and not much to trouble the learner, I have here added a Table ſhewing what declination the Sun hath at ſuch time that the day is either 8, 9, 10, 11, 12, 13, 14, 15, or 16 houres long, in the Latitude of 52 deg. 30 min. which Table was made by the preceding rules.
By which table you may ſee 
	Length of the day.	The Suns Declinatiō
	D	M
	8	20	59
	9	16	22
	10	11	14
	11	5	43
	12	0	0
	13	5	43
	14	11	14
	15	16	22
	16	20	59


 that when the day is 12 houres long the Sun hath then no de­clination, but is in the Equino­ctiall; but when the day is ei­ther 11 or 13 houres long, the declination is then 5 deg. 43 min. and when the day is either 9 or 15 houres long, the Sun hath 16 deg. 22 min. of decli­nation, and ſo for the reſt, as in the Table.
For the placing of theſe pa­rallels of the length of the day upon any of the forementioned planes; you muſt inſert theſe angles of declination into your Trigon between the Tropicks, and proceed in all reſpects as before. I will therefore give you but one example, which ſhall be in a full South plane, upon which and the Horizontall theſe arches doe appear moſt uniform.
Now let it be required to draw the parallels of the Suns courſe, when the day is 8, 9, 10, 11, 12, 13, 14, 15, and 16 [Page] houres long; upon a full South plane in the Latitude of 52 deg. 30 min.
Having drawn your Diall with Houres halves and quar­ters, and alſo made choiſe of ſome convenient point in the ſtile to give the ſhadow, and draw the horizontall line C D, then make the triangle S A R in this Trigon equall to the triangle S A R in the following South Diall; as S A e­quall to the Axis of the ſtile, A R equall to the ſubſtilar, and R S equall to the perpendicular ſtile: then draw the perpendiculars S G for the Equinoctiall, and deſcribe the arch O G P, making G O and G P each of them 23 deg. 31 min. for the two Tropicks, which you muſt transfer into your plane as before.
Now for the drawing of the parallels of the length of the day, you muſt have recourſe to the little Table before going, and therein ſee what declination the Sun hath at ſuch a day as you would put into your plane, as when the day is either 8 or 16 houres long, the declination is 20 deg. 59 min. therefore place in your Trigon 20 deg. 59 min. from G unto a both wayes, and draw the lines S a and S a, marking them at the ends with 8 and 16 the length of the day for which they ſerve. Likewiſe; when the day is ei­ther 9 or 15 houres long, then the Suns declination is 16 deg. 22 min. therefore ſet 16 deg. 22 min. from G unto b both wayes; and draw S b and S b. Alſo when the day is either 10 or 14 houres long, then the declination is 11 deg. 14 min. which ſet from G to c both wayes, and draw S c and S c. Laſtly, when the day is 11 or 13 houres long the declination is 5 deg. 43 min. which ſet from G unto d both wayes, and draw S d and S d, noting them with num­bers anſwering to the length of the day, as you ſee in the Trigon, when the day is juſt 12 houres long it is Equino­ctiall [Page] and hath no declination, and is ſignified in the Tri­gon by the line S G.
[Dialling diagram]
For the manner how to transfer theſe parallels of the length of the day into the plane, it is to be performed in all reſpects as in the former Chapter for the inſerting of the Signes, not at all differing therefrom, and therefore I ſhall [Page] forbeare to give you any farther inſtructions for the per­formance thereof but give you the figure of a South plane with theſe parallels drawn thereon, which will inſtruct more then a whole Chapter of information.
[Dialling diagram]
[Page]
And thus much for the drawing of the parallels of the Signes and Diurnall arches in all kinde of planes. I will now proceed to ſhew you how ſome other Aſtronomicall concluſions (which are very pleaſing and delightfull) may be inſcribed upon all ſorts of Dials.

CHAP. III. Shewing how the Italian and Babyloniſh houres may be drawn upon all kinde of planes.
THe Italians account their houres from the Suns ſetting, and the Babylonians from his riſing, ſo that theſe kinde of houre-lines being drawn upon any plane, you may know (by inſpection only) how many houres are paſt ſince the laſt ſetting or riſing of the Sun. The inſcription of theſe houre-lines into any of the former planes is very ea­ſie, the work of the laſt Chapter being well underſtood.
Becauſe that upon a full South or an Horizontall plane, theſe houre-lines ſhew themſelves moſt uniform, I have therefore for example ſake, made choice of a full South Diall, upon which it ſhall be ſhewn how to draw both the Italian and Babyloniſh houres.
Your Diall being drawn, and the two Tropicks and the Equinoctial thereon inſcribed, and alſo the Horizontall line, you muſt draw in your Diall two obſcure parallels of the length of the day, one when the day is 8 houres, and the other when the day is 16 houres long, expreſſed in the following Dial by the two pricked arches neer the two Tropicks, the uppermoſt of which is the parallel of the Suns courſe when the day is 8 houres long, and the under­moſt is the parallel of his courſe when the day is 16 houres [Page] long, & the Aequinoctiall is the parallel of the Suns courſe when the day is 12 houres long.
Your Diall being thus prepared, and theſe parallels thus inſerted, the inſcription of theſe houre-lines is very eaſie and plain to be underſtood. To begin then with the in­ſcription of the Babyloniſh houres (which are the houres from the Suns riſing.) Firſt, It is apparent that when the day is 8 houres long, that the Sun riſeth at 8 in the morn­ing, ſo that at that time, the firſt houre after the ſuns riſing is 9 in the morning. Secondly, when the day is 12 hours long, the Sun riſeth at 6 in the morning, ſo that at that time the firſt houre after the ſuns riſing is 7 in the morning. Thirdly, when the day is 16 houres long, the Sun riſeth at 4 in the morning, ſo that the firſt houre after his riſing is 5 in the morning, as plainly appeareth by this Table: 
	 	Length of the Day.
	8	12	16
	Hours from Sun riſing.	1	9	7	5
	2	10	8	6
	3	11	9	7
	4	12	10	8
	5	1	11	9
	6	2	12	10
	7	3	1	11
	8	4	2	12
	9	5	3	1
	10	6	4	2
	11	7	5	3


 By which you may per­ceive that when the day is 8 houres long, the ſeventh houre from ſun riſing is 3 in the afternoon. When the day is 12 houres long, the ſeventh houre from ſun riſing is 1 in the afternoon. And when the day is 16 houres long, the ſeventh houre from the ſuns riſing is 11 before noon, as by this Table doth evidently appear. And therefore a ſtreight line drawn in your Diall through thoſe points where the common houre-lines [Page] of your Diall croſſe the reſpective parallels of the dayes length, ſhall ſhew the true quantity of houres ſince the ſuns riſing at all times of the yeare, which is the Baby­loniſh houre.
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For example, let it be required to draw the ſeventh hour from the ſuns riſing in your Diall. Firſt, by the Table you ſee, that in the parallel of 8 houres for the length of [Page] the day, the ſeventh houre from the ſuns riſing is 3 in the afternoon, therefore obſerve where the houre-line of three croſſeth the parallel of 8 houres, which is at a. Second­ly, by the Table you ſee that in the parallel of 12 hours for the length of the day, the ſeventh houre from ſun ri­ſing is then 1 in the afternoon, wherefore obſerve where the houre-line of 1 croſſeth the Equinoctiall, which is at b. Thirdly, by the Table you ſee that in the parallel of 16 houres for the length of the day, the ſeveth houre from the ſuns riſing is 11 before noon, therefore obſerve where the houre-line of 11 croſſeth the parallel of 16 hours, which is at c: then draw the ſtreight line a b c, which ſhall be the ſeventh Babyloniſh houre, or the ſeventh hour from the ſuns riſing all the year long.
And by this rule, and the help of the Table, you may draw all the other houres from ſun riſing, as you ſee them drawn in the figure, and put numbers to them as you ſee there done.
¶1 Note, That if any of the points you are to make uſe of for the drawing of any of theſe houres fall without your plane, you muſt in this caſe extend your houre-line; parallel and Equinoctiall, beyond the limits of your Diall-plane, and there make uſe of the points, but you need extend the line you draw no farther then the bounds of the plane, as here in the figure you ſee the firſt houre from Sun riſing croſſeth not the Equinoctiall and the houre-line of 7 within the plane, but if the Equinoctiall and the houre-line of 7 were extended, it would croſſe.
[Page]¶2 Note, That if any of the three points you are to make uſe of doe ſo far exceed the limits of your plane, that it will be either impoſſible (or at leaſt very troubleſome) to extend the houre-lines ſo far that then in that caſe any two of the three points will ſufficiently ſerve the turn.
¶3 Note, That as the houres from ſun riſing were put into the plane, by the ſame rule may the hours from ſun ſetting (or Italian houres) be inſerted, the difference being only in the numbring of them; the houres from the ſun riſing being numbered from the Weſt ſide of the Horizontall line by 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, and 11; and the houres from the ſuns ſetting are denominated from the Eaſt ſide of the Horizon, and numbered backwards by 23, 22, 21, 20, 19, 18, 17, 16, 15, 14, and 13, as in the figure doth evidently appear.
¶4 Note, That theſe Italian and Babyloniſh hours are inſcribed on all planes by help of this little Ta­ble, and the rules and cautions delivered in this Chapter, and therefore more examples were ſuper­fluous.

CHAP. IV. Shewing how the Jewiſh hours may be drawn upon any plane.
IT was the cuſtome of the Ancients to divide their day and alſo their night (whether long or ſhort) into 12 equal parts, beginning their day at the ſuns riſing, and their [Page] night at the ſuns ſetting; ſo that 12 of the clock at noon was alwayes the ſixth houre of their day, and 12 at night was alwayes the ſixth hour of their night, and according to this diviſion were their Dials drawn; ſo that all the So­mer the houres of their day were longer then the houres of their night; and all the Winter, the houres of their night were longer then thoſe of their day; and when the Sun is in the Equinoctiall, then the houres of their day and night were equall, and the ſame with thoſe of our account, but at all other times of the year different.
The inſcribing of theſe hours into all kinde of planes is very eaſie, being much like the drawing of the Babylo­niſh and Italian houres before taught.
Having therefore drawn your Diall (which in this exam­ple (for the avoyding of many figures) we will have to be the full South plane uſed before in Chap. 2. of this Ap­pendix) with the houres, halves, and quarters, and alſo drawn the two Tropicks and the parallels of the length of the day thereupon, as you ſee here done in this figure. Then make choice of two parallels of the length of the day, which muſt be both of them equidiſtant from the E­quinoctiall, which let be the parallels of 9 houres and 15 houres, both which are three houres different from the E­quinoctiall on either ſide thereof, and theſe two parallels are the moſt convenient for this our purpoſe, becauſe the Jewiſh hours will fall (in theſe two parallels) juſtly upon the houres, halves and quarters of the common houre-lines, and ſo be the eaſier drawn. Now the points through which every one of the Jewiſh hours muſt paſſe is exactly ſhewed by this little Table, wherein you may ſee that the firſt Jewiſh houre muſt be drawn through 5 houres 45 min. (or 5 houres three quarters) in the parallel of 15: through 7 [Page] hours in the Equi­noctial: 
	Jewiſh hours.	The paral­lel of 15 hours.	Equinoctiall.	The paral­lel of 9 hours.
	H.	M.	H.	H.	M.
	1	5	45	7	8	15
	2	7	0	8	9	0
	3	8	15	9	9	45
	4	9	30	10	10	30
	5	10	45	11	11	15
	6	12	0	12	12	0
	7	1	15	1	0	45
	8	2	30	2	1	30
	9	3	45	3	2	15
	10	5	0	4	3	0
	11	6	15	5	3	45
	12	7	30	6	4	30


 & through 8 houres & a quar­ter in the parallel of 9 hours.
In like manner, the ſecond Jewiſh houre muſt bee drawn in your plane through 7 of the clock in the pa­rallel of 15: through 8 a clock in the E­quinoctiall: and through 9 of the clock in the paral­lel of 9 houres, and ſo of all the reſt, ac­cording as you ſee in this Table, and as you may perceive them drawn in the South plane, the numbers belonging to theſe hours being ſet at both ends of each houre-line.
[Page]
[Dialling diagram]

CHAP. V. Shewing how to draw the Azimuths, or Verticall Circles in all kinde of planes.
THe Azimuths are great Circles of the Sphere meet­ing together in the Zenith of the place, and are vari­ouſly inſcribed on all planes according to their ſcituation. [Page] In the Horizontall plane they meet in a center with equall angles. In all upright planes, whether direct or declining, they are parallel to the Meridian or line of 12. And in all reclining planes they meet together in a point which is the Zenith of the place. Theſe Azimuths being great Circles in the Sphere, are therefore ſtreight lines in all planes, and may be drawn as followeth.
§. 1. In the Horizontall plane.
IN the Horizontall plane theſe Azimuths are moſt eaſily inſerted, for your Diall being drawn, with the Tropicks thereon, you have no more to doe, but upon the foot of the perpendicular ſtile to deſcribe a Circle, which you may divide into 32 equall parts (beginning at the Meridian) anſwering to the 32 points of the Mariners Compaſſe: Or elſe you may divide the ſame Circle into 90 equall parts, according to the Aſtronomicall diviſion, and through each of thoſe points draw ſtreight lines from the foot of the ſtile, and ſet numbers or letters to them, either by 10, 20, 30, 40, &c. if you divide it into 90, or elſe by South, S by W, S S W, S W by S, &c. if you divide the Circle according to the Mariners Compaſſe. This is ſo plain that it need­eth no example.

§. 2. In the Eaſt or Weſt erect planes.
YOur Diall being finiſhed, you may draw upon a piece of Paſtboard the line M E N, repreſenting the Hori­zontall line M E N in your Dial then on the point E, raiſe the perpendicular E Q equall to the line EG in your Diall, and on Q as a center deſcribe the ſemicircle K E L, and divide one halfe thereof, namely, the Quadrant E L into [Page] eight equall parts, repreſenting one quarter of the Mariners Compaſſe, and from the center Q draw lines through each of thoſe diviſions extending them till they cut the line M E N in the points ☉ ☉ ☉ ☉ ☉ ☉, then with your com­paſſes take the diſtances from E to every one of theſe points ☉ ☉, &c. and prick them down in the Horizontall line of your plane from E to ☉ ☉ ☉ ☉ ☉ ☉, from which points draw lines perpendicular to the horizontall line M E N, which ſhall be the Azimuths or points of the Compaſs be­tween the Eaſt and the South. Divide likewiſe the other
[Dialling diagram]
 Quadrant of the Circle E K into eight equall parts, and draw lines from the center Q through three of them, till they cut the horizontall line as you ſee in the figure, and there alſo draw lines perpendicular to the Horizon, and theſe lines ſhall be the Azimuths between the Eaſt and the North, viz. ſo many of them as your plane is capable to receive, which the following figure doth moſt plainly ſhew.
¶Here note, that as the Eaſt Diall ſheweth all the morning houres from ſun riſing to the Meridian; and the Weſt Diall ſheweth all the afternoon hours from the Meridian to his ſetting; ſo doth the Eaſt Diall ſhew all the Azimuths from the Suns riſing [Page] till Noon, and the Weſt Diall all the Azimuths from noon till his ſetting.
[Dialling diagram]

§. 3. In the full North and South erect planes.
THe drawing of the Azimuths upon the full North or South erect planes is very little different from the drawing of the ſame Circles upon the Eaſt or Weſt planes. But for example, let it be required to draw the Azimuths [Page] upon the full South Diall: the Tropicks and the Equi­noctiall being drawn, together with the Horizontall line, you muſt upon a piece of Paſtboard draw the line A L B, repreſenting the Horizontall line A L B in the South Di­all next following; then on the point L raiſe the perpendi­cular L S, making L S equall to L S the perpendicular ſtile of the Diall, and on S as a center deſcribe the ſemi­circle E L F, and divide each Quadrant thereof, namely E L and L F into 8 equall parts (each Quadrant repreſent­ing one quarter of the Mariners Compaſſe) and through each of thoſe diviſions draw lines from the center S, till they cut the line A L B in the points m n o p and q, then
[Dialling diagram]
 with your Compaſſes take the diſtance L q, and ſet that di­ſtance upon the horizontall line of your plane from L unto q both wayes. Likewiſe, take the diſtance L p, and ſet that diſtance in your plane upon the horizontall line there­of from L unto p both wayes. Alſo take the diſtances L o, L n, and L m, and ſet them upon the horizontall line in your Diall from L to o, and n, and m, on each ſide of the Meridian. Laſtly, if from the points m, n, o, p, & q, you draw lines parallel to the Meridian or line of 12, they ſhall be the true Azimuths upon your plane, and theſe A­zimuths may be put on either according to the Aſtrono­micall account by 10, 20, 30, 40, &c. or elſe by the points [Page] 
[Dialling diagram]
 of the Compaſſe, as in this figure, according as you ſhall divide the Semicircle E L F: And thus much concerning erect direct planes.

§. 4. In erect declining planes.
IN upright declining planes the Azimuths are eaſily in­ſcribed, little differing from the former. Draw there­fore your Diall, which we will ſuppoſe to be the South [Page] declining plane before uſed in the third Section of the firſt Chapter of this Appendix, which declineth from the South Eaſtward 32 deg.
Your Diall being drawn and the Equinoctial, and Tro­picks, and alſo the Horizontall line, thereon inſcribed, upon a piece of paſtboard draw the line D B E, repreſent­ing the horizontall line D B E in your Diall, then on the point B raiſe the perpendicular B C, making B C equall to B C the perpendicular ſtile in your Diall; then on the point C as a center deſcribe the Semicircle R B S, then out
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 of your plane take the diſtance between B the foot of the ſtile, and the point O, where the Meridian croſſeth the horizontall line, and ſet that diſtance on your paſtboard from B unto O, and draw the line C O. cutting the Semi­circle in the point K. at which point K you muſt begin to divide your Semicircle into 16 equall parts, then from the center C draw lines through each of thoſe diviſions till they cut the line D E in the points a b c d e f g h i k l and m.
Laſtly, with your Compaſſes take the diſtances O a, O b, O c, O d, &c. out of your paſtboard, and prick the ſame diſtances down on your plane from O to a b c d e f g h i k l and m, and from thoſe points draw lines parallel to the Meridian, which lines ſhall be the Azimuths required, which you muſt number according to the ſcituation of the [Page] 
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 plane, viz. the Weſtern Azimuths on the Eaſt ſide of the Meridian, and the Eaſtern Azimuths on the Weſt ſide of your Diall, as you ſee them here numbered in this figure.

§. 5. In Eaſt and Weſt Incliners, and alſo in North and South Incliners declining.
IN all theſe planes, becauſe the Zenith of the place cut­teth the plane oblikely, making oblike angles therewith, [Page] there is in all theſe planes two points to be found in each plane before the Azimuths can be drawn, the one is the Zenith of the plane, the other the Zenith of the place, in which all the Azimuths muſt meet with unequal angles.
I. Therefore ſuppoſe a direct South plane to recline 25 deg. from the Zenith, the complement thereof is 65 deg. the inclination of the under face of the ſame plane to the Horizon, therefore make the perpendicular ſide of the ſtile Radius, then the Meridian will be a tangent line thereun­to, upon which Meridian, from the foot of the perpendi­cular ſtile, prick down 65 deg. for the Zenith point where all the Azimuths muſt meet. and 25 deg. for the horizon­tall point, through which the horizontall line muſt paſſe, Then deſcribing a Semicircle, divide it into 16 parts, and lay a ruler from the center and each of thoſe diviſions till it cut the horizontall line, and thereon make marks, then lay a ruler upon the Zenith point and each of theſe marks in the horizontall line, and they ſhall be the true Azimuths belonging to your plane, which you muſt number accor­ding to the ſcituation thereof.
II. In the Eaſt and Weſt Incliners, and in the North and South decliners inclining, becauſe the 12 of clock line and the ſubſtilar are ſeverall lines, you muſt therefore draw a line perpendicular to the baſe of the plane, which muſt paſſe directly through the foot of the perpendicular ſtile, then make the perpendicular ſtile the Radius, and the other line laſt drawn ſhall be a Tangent line thereto, upon which line ſet off the inclination of the plane to the Hori­zon, and that ſhall give you the Zenith point, and the ho­rizontall point ſhall be found by ſetting off the reclination of the plane from the Zenith, and here note that the Zenith point will alwayes fall upon the Meridian.


CHAP. VI. Of the Almicanters or circles of Altitude.
[Page]
THe circles of altitude have the ſame relation to the A­zimuths, as the Tropicks and parallels of declination have to the houre-lines, and therefore, as the parallels of declination in the Equinoctiall plane are perfect circles, ſo are the circles of Altitude in an Horizontall plane.
The inſcription of theſe into all kinde of planes is (in a manner) the ſame with the parallels of declination, but whereas in the drawing the parallels of declination, you take the houre-lines out of your plane and put them in a Trigon; ſo in this you muſt take the Azimuths out of your plane, and put them into a Trigon for that purpoſe, and ſo transfer them to the plane again as you did the o­ther; and becauſe theſe are ſmall circles, therefore they be­come Conick ſections, except on ſuch planes as lie parallel to the Zenith, which is only the Horizontall.

CHAP. VII. How to draw a Diall on the Seeling of a Room.
BEcauſe the direct beams of the Sun can never ſhine up­on the ſeeling of a Room, they muſt therefore be refle­cted thither by help of a ſmall piece of Looking glaſſe conveniently fixed in ſome Tranſam of the window, ſo that it may lie exactly parallel to the Horizon. The place being choſen, and the glaſſe therein fixed, you muſt draw upon the ſeeling of the Room a Meridian line, as you are taught in the former Books, which Meridian line muſt be [Page] ſo drawn that it may paſſe directly over the glaſſe before placed, which you may perceive how to doe by holding a threed and plummet from the top of the ſeeling till it fall directly upon the ſuperficies of the glaſſe.
The foundation being thus laid, we will now proceed to the work, which amongſt ſo many wayes as there are to perform it, I ſhall make choice of that which I ſuppoſe to
[Dialling diagram]
 [Page] be moſt familiar and eaſie. Draw therefore upon paper or otherwiſe an horizontall Diall for the Latitude in which you are, as is the Horizontall Diall foregoing for the La­titude of 52 deg. 30 min. Then upon the center thereof at A, with the Radius of your line of Chords deſcribe the Semicircle B C D, cutting the houre-lines in the points a b c d and e, then with your Compaſſes you may meaſure the quantity of each houres diſtance from the Meridian, by taking the diſtance from C to a b c d and e, ſo ſhall you finde the diſtance between the Meridian and 11 or 1 to be 12 deg. Likewiſe the diſtance between the Meridian and 10 or 2 to be 24 deg. 37 min. and the diſtance between the Meridian and 9 or 3, to be 38 deg. 25 min. and ſo of the reſt as by the figure and the ſecond column of the Ta­ble doth appear. This done, take the complement of every of theſe angles, ſo ſhall the complement of 12 deg. be 78 deg. and the complement of 24 deg. 37 min. be 65 deg. 23 min. and ſo of all the reſt, as by the third column of the Table may appear.
	The Hours.	The angle that each houre-line makes with the Merid.	The comple­ment of each houre-lines angle with the Meridiā
	 	12	 	00d.	00m.	90d.	00m.
	1	 	11	12	00	78	00
	2	 	10	24	37	65	23
	3	 	9	38	25	51	35
	4	 	8	53	58	36	2
	5	 	7	71	20	18	40
	 	6	 	90	00	00	00


[Page]
Having theſe things prepared, Let the line L R in the following figure repreſent a Meridian line drawn upon the ſeeling of a room, and let K be the glaſſe fixed directly un­der the ſaid Meridian upon ſome tranſam of the window, then laying one end of a ſtring upon the glaſſe at K, extend the other up to the Meridian at L, which point L you may finde by moving the ſtring to and fro upon the Meridian line, till another holding the ſide of a Quadrant to the moveable ſtring, he ſhall finde the threed and plummet to fall directly upon the complement of the Latitude, which in this example is 37 deg. 30 min.
The point L being thus found upon the Meridian, draw the line L AE perpendicular to the Meridian L R, which line ſhall be the Equinoctiall.
Having thus done, upon a table or ſuch like draw a line which ſhall be of equall length with LK, the diſtance from the glaſſe to the point L on the ſeeling, which line divide into 10 equall parts, and each of thoſe (or at leaſt one of them) into 10 other parts, ſo ſhall you have in all 100 parts, each of which you muſt ſuppoſe to be divided into 10 other ſmaller parts, ſo ſhall the whole line contain 1000 parts, as in the figure is expreſſed by the line S.
Your line thus ſuppoſed to be divided into 1000 parts, you muſt take with your compaſſes out of the ſaid line 268 of them, (which is the naturall tangent of 15 deg.) and place them upon the Equinoctiall line from L to M. Then take 577 the naturall tangent of 30 deg. and place it from L to N. Then take the whole line, and ſet it from L to P. Laſtly, take 732 parts and ſet them from P to Q: ſo ſhall the points M N P & Q be the points through which the houres of 1 2 3 and 4 muſt paſſe, and the ſame work being done on the other ſide of the Meridian, you [Page] 
[Dialling diagram]
 ſhall finde points through which the houes of 11 10 9 and 8 ſhall paſſe: the houres of 5 in the morning and 7 [Page] at night wil ſeldome fall upon the plane except they be ſup­plyed from Eaſt and Weſt windows.
Now becauſe the center of the Diall is without the Roome, ſo that you cannot make uſe of that to draw the hours by, you muſt therefore place one foot of your com­paſſes in the points L M N P and Q, with the other draw obſcure arches of Circles as * * * * *, and out of the laſt column of the former Table take the complement of every hours arch from the Meridian, and place them upon the reſpective houre arches from the Equinoctiall to the points * * * * * as you ſee in the figure. Laſtly, if you draw the lines *M, *N, *P, *Q, they ſhall be the true houres upon the ſeeling.
In the inſcription of the Azimuths in declining re­clining planes, and in drawing the circles of Altitude in all kinde of planes, I confeſſe I ſhould have been ſomwhat larger in giving you an example in each plane, as I did with the other varieties before, but pre-ſuppoſing the in­genious practitioner ſufficiently to underſtand that which goes before, he cannot but with ſmall pains overcome the reſt; But I ſhould not have been ſo briefe, could I poſſibly have procured more time, which by no means would be granted.
Alſo my intent in this place was to have ſhewn you the inſcription of the Circles of poſition and other vari­eties: Alſo the framing of divers Geometricall Bodies, and to furniſh them with variety of Dials, and the making [Page] of divers Inſtrumentall Dials: But theſe, with many other HOROLOGICAL conceits and inven­tions, I reſerve till a more convenient oppor­tunity, and therefore in the mean time, Farewell.

FINIS.
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