

































































Trignometric Equations on a plane with invariant values of "&".

ELLIPTIC GEOMETRY

Trignometric Equations on a plane with invariant values of "A&".

HYPERBOLIC GEOMETRY
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b
A f C
Relations of a RIGHT TRIANGLE
sin (a/k)
SiIn A= ———— cos (c¢/k) = cos (a/k) cos (b/k)
sin (c¢/k)
sin (b/k) cos A
simnB= ——— cos (a/k)y= ——
sin (¢/k) sin B
cos B
cot A cot B = cos (c¢/k) cos (b/k)y)= ———
sin A
tan (a/k) tan (a/k)
tan A =———— cos B =
sin (b/k) tan (c¢/k)
tan (b/k) tan (b/k)
tan B= ——— cos A =
sin (a/k) tan (c¢/k)
B
c
0
b
A C

Relations of an OBLIQUE TRIANGLE

cos (a/k) = cos (b/k) cos (¢/k) + sin (b/k) sin (¢/k) cos A
(Beware the change of + to - signs between Hyperbolic and Elliptic Geometries)

Euclidean: a= b’+ ¢’- 2bc(cos A)
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Relations of a RIGHT TRIANGLE
sinh (a/k)
Ssin A= ———— cosh (¢/k) = cosh (a/k) cosh (b/k)
sinh (c¢/k)
sinh (b/k) cos A
simnB= ———— cosh (a/k) = ———
sinh (c¢/k) sin B
cos B
cot A cot B = cosh (c¢/k) cosh (b/k) =
sin A
tanh (a/k) tanh (a/k)
tan A =———— cos B =
sinh (b/k) tanh (c/k)
tanh (b/k) tanh (b/k)
tan B=———— CcCOs A = —
sinh (a/k) tanh (¢/k)
B
c
g
b
A C

Relations of an OBLIQUE TRIANGLE

sin (a/k) : sin (b/k) : sin (¢/k) = sin A : sin B : sin C

Euclidean: sin B: sin B: sin C = a: b: ¢

cosh (a/k) = cosh (b/k) cosh (¢/k) - sinh (b/k) sinh (c¢/k) cos A
(Beware the change of + to - signs between Hyperbolic and Elliptic Geometries)

Euclidean: a’= b’+ ¢~ 2bc(cos A)
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sinh (a/k) : sinh (b/k) : sinh (¢/k) = sin A : sin B : sin C

Euclidean: sin B: sin B: sin C = a: b: ¢
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Trignometric Equations on a plane with invariant values of "k&".

ELLIPTIC GEOMETRY

Relations of the "LAMBERT QUADRILATERAL"

tan X/k = cos 0 (tan R/k)

tan Y/k = sin 0 (tan R/k)

Trignometric Equations on a plane with invariant values of "k&".

HYPERBOLIC GEOMETRY

Relations of the "LAMBERT QUADRILATERAL"

tan O = (tan Y/k) / tan X/k
tan @ = (sin b/k) / sin a/k

sin L = (sin Y/k) / sin R/k
sin M = (sin X/k) / sin R/k

tanh X/k = cos 0 (tanh R/k)

tanh Y/k = sin 0 (tanh R/k)

(tan R/K) = (tan X/k) + (tan Y/k)

tan @ = (tanh Y/k) / tanh X/k
tan @ = (sinh b/k) / sinh a/k

sin L = (sinh Y/k) / sinh R/k
sin M = (sinh X/k) / sinh R/k

tan b/k = sin X/k (tan 0)

tan a/k = sin Y/k (tan 0)

(tanh R/k)Y = (tanh X/k)"+ (tanh Y/k)>

sin b/k = sin R/k (sin 0)

sin a/k = sin R/k (cos 0)

tanh b/k = sinh X/k (tan 0)

tanh a/k = sinh Y/k (tan 0)

cos b/k = cos R/k / cos X/k

cos a/k = cos R/k / cos Y/k

sinh b/k = sinh R/k (sin 0)

sinh a/k = sinh R/k (cos 0)
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cosh b/k = cosh R/k / cosh X/k

cosh a/k = cosh R/k / cosh Y/k
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ELLIPTIC EUCLIDEAN HYPERBOLIC
Geometry Geometry Geometry

CIRCLE

CIRCUMFERENCE of a planar Circle:

= 2 (Pi) k (sin R/k) =2 (Pi) R = 2 (Pi) k (sinh R/k)

AREA of a planar Circle:

— 2 (Pi) k (sin R/K) — 2 (PR — 2 (Pi) k (sinh R/K)

:

SPHERE

SURFACE AREA of a Sphere:

— 2 (Pi) K (sin R/K) — 4 (PR — 2 (Pi) k (sinh R/K)
2

VOLUME of a Sphere:

—(Pi)k (2R/k-sin 2R/Kk) — 4/3 (P R’ —(Pi)k (sinh 2R/k-2R/K)
? ?

177.
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An Introduction to
the Perspective Illustration of Non-Euclidean Geometry

INDEX
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An Introduction to the Perpsective I llustration of Non-Euclidean Geometry

INDEX

5‘h PostulatéThe Fifth Postulate of EuclidBlements) .........cccooiiiiiiiiiiiiiiieeeeen, 3-4, 86-89
Absolute, TR e (see:_Horizon, and Horocyle)
Apparatus setup for making Perspective images g#techatives to the setup of this book) ....8, 1:56
Apparent (Note explaining the special meaning of the tamrthis book) ..........ccccvvveviiiiiiiiiiiiceeee. 50
Approximately Euclidean space, definition Of .. ...eeeeiiiiii e 5,6
Azimuthal Projections of Spherical Perspectives............cooooiiiiiiiiiiiiiiiiieeei e 156-158
Barnes, James David (Jim Barnes, arChit@Ct) ....ccccooooiiiiiiiiiiiiiiee et 1
(271 o][TeTo [ £=1 o] )Y 20U PSP PPPPRR 781
Boundary Curve, the ... (see:_Horizon, and Horocyle)
Bumkar, Kedarinteractive Visualization of Hyperbolic Geometry using

the Weierstrass MOAEl; 2006 ..........uveeiiiiiiiiiiiies it escmmmmeee ettt e e st e e e s annaeneee e 178
C amera (or camera obscura), dimensions Of _.cccccciiiiiiiiii (see:_Apparatus)
Cartesian Coordinate system impossible in Non-Bealh Geometries ........ccccccceeeviiiiiiiceeeeeeennn. 18
Central Line of Sight (Central Ray Of VISION) ..ccc.iviiiiiiiiiiiee s eee e e e 8
Circles (Proper CirCIES) ..uuuiiiiiiieee i cmmmm e r e e e e e e e e e s s e s reerearaaaaaaaeees 50-51, 67-68
Circumference of Circles (varying in Non-EuclidgaBomMetry) .........cccvveveeriiiiieeeee s o 102-107
Conformal DisSk MOGEl ......ccooiiiiiiieeeee e (see: Poincare Disk Model)
CopYrght SHPUIRLIONS ... .ttt e e e e e e e e e e e et e e e et e et e e e aaaaeaaaaaeaaeaaannnnnnes 1
L0108 o TSI (5 1Y 1] g oo I To) PP PPPPPPP 118-123
Curved, or warped, space (discussion of terminglagy............cocceuuuriiiiiiiiiieiee e 46
D ensity of space (varying in Non-Euclidean Geomaii..............ccoeecevuvrenirerreeeeees e e eeees 10
Distance Diagrams (definition of, and 3 methoddm@afwing) ...........ccccvvvieiiiiiiirieeee i, 154-155
Distance Diagrams of EIlptic Plane ........cceeeeeiiiiiiiiiiiiiiiiiiieeeeeen e 42, 44, 81-84, 145-148
E lliptic Geometry,definition Of ...........uiiceee e e e e 3,4
Equidistant Azimuthal projection (Spherical Perdpp@) ..........cccccvvviiiieiieeiieeeee e eeeeeeveeee 157-158
Equidistant Cylindrical Projection (Spherical PE&SINVE) ...........ccooeeevvviiiiiieiieeee s ceeeeeieveeeeeeee e 159
EQUIAISTANT CUIVES .ottt e e e e e e bbbt e e e e e e aaaaaaaeas 37-38, 69-80
Equidistant Curves (graphic CONStrUCtioN OF) ..ccec.eiiiiiiiiiiiii e 75-76
EQUIdISTANT SUIMACES ...ttt e e e e e e e e e e e e e e e as 139-148
EQUIdistant TUDES ..o (see Equidistant Surfaces)
Equilateral Triangles, TiliNgS Of ... 60-61, 128-135
Euclid (author ofThe Elements, @NAOPLICS) .......vuurirriiiiiiiiiiiiaeee e e e e e e e 178
Eye (Point of view, aperture), definition Of ... 7,8

180

F Ifth POSTUIALE ... (see:"Postulate)
Formulae for triangles, quadrilaterals, Circles Sptheres .............eeeeeeeen. (see: Mathemhfiormulae)
Forseth, Kevin, author @lide Projection: Lateral Architectural Drawing; 1984 ..............ccccieeees 160
Gans Model (Orthogonal Projection, or Orthographigj@Ction) ...........cccccveeeiiiiiiiieeeiineeeis 168
Glide Projections (based on the bodktide Projection by Kevin Forseth, 1984) ...............ooeoeeee. 160
Gnomonic projection (or gnomonic perspective, tim@@onic Azimuthal projection) ............... ,. 167
Gnomonic Cylindrical Projection (Spherical PErspaait ...........ceeeviiiiiieeeeeeeiies s cicieeeee e 159
Grubbs, Christopher (Perspective IUSIIrAtOr) .. .vereeeriereeeeeeeeeei s e e e e e e e 3,35

Gyroscopic Non-Euclidean Coordinate transfers (dision of idea of ) .........cccccvevvevrvs e eeeen. 166

H orizon (Hyperbolic PIane) ..........cooo e 33-34, 108-109
Horizon, discussion about the optical appearanddooizons on Earth ..........c.ccccceeeeiiiceees 112-113
Horocyle (definition of) and Perspective image.of.........cccuuiiiiiiiiiii e 77
[ (o] Ce 1] o] g =] RO PPPPPPRR 151-152
HUMAN VISION (BYESIGNT) i ettt e e e e e e e e e e e e e e e eeeeeeeas 7
Hyperbolic Geometry, definition Of ........ .o 3,4
Hyperboloid Model (Weierstrass, Minkowski, or Minkski-Lorentz Model) .............cccvveeen. 8469

I deal Point (definition OF ) .....ooiiii i oo e e e e e e s e e e e e e e e e e e e e e e e e e e e 64
INtersection Of Flat PIANES..........cuvii e 126-127
[talian RENAISANCE PEISPECLIVE .......... s o tetteeteeeeeeeeeaaaeaaeeessessasssssasseeeereeeaaaaeaaeaeesssanaannasnnsnnes 7
K L= Lox 1o ]G (=3 o] =11 1= | PSS 16
B S = (o3 (o T Y 7=V Y/ o SRR 58-59, 90-91
Klein Disk Model (Beltrami Model, Betrami-Klein Mad, Central Projection) .................... oo 168
L ambert Quadrilateral ..............iiiiiiii e ————— 58-59, 114-117
Line (Straight INE) ..ottt e e e e e e e e e e e e e e bbbt b e e e eeeeeaaaaaaaeeas 7.
Lines, names for types Of LINES ... ccceeeee ettt 64-65
Limiting CUrVe, the ... (see:_Horizon, and Horocyle)
M anning, Henry Park: (author brfitroductory Non-Euclidean Geometry) ...........ocoevevvverennnnen. 178
Mathematic Formula for Non-Euclidean GEOMEL Y. .veorrereirieeeiieie s 172-177
Minkowski Model (or Minkowski-Lorentz Model)...ccc......coooeeivviiiiiiiennnnn. (see: Hypddid Model)
N on-Euclidean, definition Of ...........oo i 3
Non-Euclidean Perspective, WhY StUAY ........ccoueeiiiiiiiiiieic e 170
Non-Euclidean Perspective, problems briefly diSEUSS........cuvvvviiiieeeiiiiiiiiicc e e 171
O L1103 1=2 ST PO UPTPPRPP T PPPPPPPPN (see: Horocyle)
Orthogonal Projections of Non-Euclidean Geometrstti@graphic Projection)..................... 162-167
Orthographic Azimuthal Projection (Spherical PE$Ive) ... 157
Orthographic Cylindrical Projection (Spherical REGHVE) .........cccvvvviiiiiiiiiiiee e 159

181



P arallel Lines in Hyperbolic Geometry, definitioh 0...............eeiiiieee, 64-65

Pentagons, right-angled tiling of in Hyperbolic 8Pa.............coooiiiiiiiiiiiis e 62-63
PErspeCtiVe GPPAIATUS ......eeveiieiiiiies ettt ettt e e e e e e e e e e e e e e e e e e s aannreeaeeeeeeaaaaaaaas (see: Apparatus)
Picture Plane (view window, drawing surface, valBfinition of .............ccccooiiiiiiiiiecen, 8
PINN0le PROOGIAPNY ...ttt e e e e e e e e e e e e e e s e e e et b et beebeeeeaeeeaeas 7
Perspective, definition OF ..........ooi oo e e ———— 7
Planes, Perspective appearance of flat surfaces................ Chapter 3 (starting on pagg 124-135
Poincare Disk Model (Conformal Disk MOAEI) ..cccccuvviiiiiiiiiiiiiiiieeccee e 168-169
Poincare Half-Plane MOGE! ............oooiiiiiiiici e 168-169
Poles in Elliptic Geometry (one-pole and tWO-POBESIONS) ......cceevvvrrrrrrreerrereeeeeeescmmmmm s eeseeesnnnenes 79
[2Lo])Y/o o) g FR G- o] o LY=L= a ot = o) ) ISR 54-55
Polyhedrons, (Regular Polyhedrons, also calledPthtonic SolidS) ........cccccceeeeeenn, 1183, 158-159
Precisely Euclidean spaces, definition Of ..o oo 5,6
PIOPEI CIFCIES ..ottt e e et e e e e e e e s e e e bbb e beeeeeees (see: Circles)
PrOPEr SPREIES ... e e e e e e e e e (see: Spheres)
R epresentative Line (definition of) ......cooccce e 69-74
Right Angle, definition OF .......... e e e e e e e e e e e e 3
Saccheru Quadrilateral (INtrOAUCEM) ... oo eeeeeeeieeeee ettt sree e s e s e ebbeeas 10
Size of Images (Elliptic Perspective images argdarHyperbolic smaller) ............ 12, 98-1049-150
Similarity doesn’t work in Non-Euclidean GeOMELLY.........ccceeeiiiiiieiciciieeieeerre e e e e e e e e e e s 14
Sketching in Perspective and in Orthogonal Praj@cti...............ccoccecvvviiiiiiieiiie s cereeeeee e 163-167
SPheres (Proper SPREIES) ...uuuuiiiiiiiiie et e e e e e e e s sr e rr e e e e aaaaeeeaes 137-138
Spherical Perspective methods (Curvilinear Per8ECt............cccceeeiiiiiiiiiiiicccee e 156-159
Spherical Surfaces, varying areas in Non-Euclid@a0metry ...........cccccceviiiiiiiieenissmemmm e 32
Stereographic Azimuthal Projection (Spherical PECHRE) .........c.cvvveeiiiiiiiiieiiiiieeeeeee e, 157
Stereographic Cylindrical Projection (Sphericaldpeictive) .........oooiiiiiiiiiiiiiiieie e 159
Stereographic Perspective (shown in Azimuthal ayléh@rical Stereographic projections) ........ 161
Straight Lines always appear Straight in Non-Ewdial Perspective ...........cccccvvvvviiiiiaceee. 7,52-53
T iling of Equilateral Triangles .............ceeeeeeeeeeeeeeeeeiiiiiiiininnns (see: Equitatelriangles, Tilings)
Triangles (sum of interior angles greater thariess than, 180 degrees) .................. e 12, 94-97
Triangles, EQUIIALEIAL .........oiiiiii e e e e e e e e e e e s e e e e e e e e e e e e e e e e e eeaaaan 56-57
Trigonometry for Hyerperbolic and Elliptic Geometry.........cccccee...... (see: Mathetmati€atrmulae)
U [tra-Ideal Points (definition OF) ... 75
W eeks, Jeffrey RTHe Shape of SPaceE) ........uuuiuiiiiiiiiiiiiie e 178
WEIerstrass MOUE! ........uueiiiiiiiiiiiie e (see:_Hyperboloid Model)
Wolfe, Harold E. [ntroduction to Non-Euclidean GEOMELIY) ...........eeeeeeeiiiiiieiaaaiiiiiiniene 178
Wood, Grant (The Midnight Ride Of Paul REVEIE") .........eeeeiiiiiiiiiiiai e 35
(End of Volume)

182



	000
	001
	136
	137
	139
	141
	143
	145
	147
	149
	151
	153
	154
	156
	158
	160
	162
	164
	166
	168
	170
	172
	173
	175
	177
	179
	180
	182

