
Euclid's Elements Postulates

1 a straight line may be drawn from any one pt to any other pt

axiom given two distinct pts there is a unique line that passes through them

2 a terminated line can be produced indefinitely Today we call line segment

is what Euclid called terminated line So in todays terms 2nd postulate says

that a line segment can be extended on either side to form a line

3 a circle can be drawn with any centre and any radius

OR given any straight line segment a circle can be drawn having the segment as

radius and one end point as center

4 all right angles are equal to one another congruent

5 parallel postulate if two lines are drawn which intersect a third in such a

way that the sum of the inner angles on one side is less than two RightAngles

then the two lines inevitably must intersect each other on that side if

extended for enough

note unfortunately it's impossible to map a sphere to a plane without introducing

distortion for hyperbolic geometry we have gnomonic stereographic orthographic

note in flat geometry we have parallel lines but in spherical lines they DNE

any pair of straight lines will always converge and intersect eventually

Q dingaun paralleri birbiri ite aceismayor
A paralleller dingaren spherical geometrisinin projeksigonnun bir parasi degil
batman geneker lineler great circles ex beach ball lines



SPHERICAL GEOMETRY EUCLIDIAN GEOMETRY HYPERBOLIC GEOMETRY

verge
parallel GorgeC

yukari Ef Easas

spherical triangle is aus go Jagende gittie

when we came back to the starting pt
everything has been rotated 90 left

HOLONOMY

ONE in Euclidian Geometry

Holonomy is opposite in hyperbolic plane

in spherical geometry when u move an object objects are madeup of smaller

particles all of its particles move as well but remember there is no

parallel lines in spherical geometry
similar to spaghettification
around black hole caused

by curved space

qq.isgttiddfoceNIATPPENING
in hyperbolic space objects experience a stretching tidal force unlike spherical space

which has stretching force

circumference of a circle

spherical geometry C 21Tsin r

too big L ggfe.itwoldeuclidiongeometryC 2Tr

hyperbolic geometry 2T Sinner 2sinner ex



AREA of a circle

spherical geometry A 21T 1 Cos r

euclidian geometry A Tr

hyperbolic geometry A 21T Cosner 1

Pythagorean theorem

spherical geometry cosa costs cos c

euclidian geometry a b c

hyperbolic geometry coshla cosh b cosh c

AREA of a Triangle

spherical geometry Area At Btc IT sum of angles IT

euclidian geometry

hyperbolic geometry Area IT A Btc IT sum of angles A

Positive Definite Matrices IT to to IT

let A be a symmetric matrix in Mn R Then A is pos def
if all its eigenvalues are positive

1 Tr A 1 5 6 R R2 deta him 1 The the posdef

if X and Y are two vectors in IR we denote X Y XTY

for any matrix A in Mn IR LAX 47 x ATY



Thm Characterization of Pos Def Matrices

Let A be symmetric matrix in MMR then A is posdef iff
LX AX TAX 0 O EIR

since A is symmetric we have LAX 4 X ATY LX AY

Pf assume A is pos def then the eigenvectors v1 ve vn of A form

an orthonormal basis for IR Thus Xi is an eigenvalue of A and V is

an assoc eigenvector then we have

Lvi Avi Vi Rivi X Lvi Vi Rillvill Ri 0 1 1,2 A

assume let X be eigenvalue of A ie AX RX for some eigenvector assoc to A

new x AX x RX 11 112 0 270 A is pos def
ex Show that the matrix A is pos def

Thm says A is pos def iff X AX TAX x Rx 211 112 0

let then x Ax TAX

x x2 3 A 2 1 x2 x 2 2 2 3
ex 1 3

2 12 Xin 1 2 22 ex 2 3 25
2 it it Xix Xix

5 1 p
fosterhÉ

OR we knew i e270
xp 2 1 2 0

so A 0
2 1 25 Rtx def

ixz Lxitxi ex exit x

4 2 xitxE 1 4 2 it E 20 same for



Then if A pas def then A is invertible and A is also pos def

Pf if A is pos def then all of its eigenvalues the Xn are positive

then we have

det A MI Ri 0 and this shows that A is invertible

Now A is symmetric since A 1 AT A
1

Also if a is a

positive eigenvalue of A ther is a positive eigenvalue of A A posdef
Let's go back to Hyperbolic Geometry

a simple set of axioms for plane geometry can be represented in the framework

of metric spaces By a line in a metric space we understand the

image of a distance preserving map V IR X

The 3 axioms of plane geometry are

incidence axiom two distinct point there pass a unique line

reflection axiom the complement of a given line in has two connected component

There exists an isometry 0 of which fixes the points of the line

but interchanges the two connected components of its complements

parallel axiom through a given point outside a given line there posses a unique

line which does not intersect the given line

Bolyai Gauss Lobachevsky found hyperbolic plane H2 which has the first two

axioms but not parallel axiom H is unique

classification them a metric space which satisfies the 3 axioms of plane geometry

is isometric to the Euclidian Plane A space which satisfy the first 2 but

not parallel axiom is isometric to H



QuadraticForms

let k denote a field R C and sometimes Q of characteristic 2 and I a

vector space over k of finite dimension M By quadratic form on I we

understand a fr Q I k homogferous of degree 2 ie

Q RZ X Q Z REK ZEE

with the property that the symbol

x y Oxy QQ Qly x y E E

is bilinear in x and y powitation

see that bilinear form x y is symmetrical in x and y
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