



































































































































eg Line in R by equations

Two planes intersect at a hire if notempty e

p
Xty 67 6

x y z z z

6 t t 2
are linearlyaidep

is a line ThenGaussian Elimination willgive us a parametricfame

of the line ie solving the systemof linearequationbysetting

a variable to be a parameter eg
Ex

X 2

1 g t.FI
bysetting t luiearalgebra

eg How about 3 bear equations

Linear Alg Case 1 uniquesolution i.e intersection Ronit's

Case2 Infinitely manysolutions couldbe a line

or a plane

Case3 No solution i.e no intersection

P
eg r P P B

f Pz

infinitelymanysolutions p Nosolution

Ex Tryother situations














































































































Remark In n dir a hyperplane is given by F N C

as in planes in IR din hyperplane n 1

Thenlinearalgebra all possiblesituations faintersections

of hyperplanes
Discussion omitted

Curves in IR

Refn let ICR be an interval A Container carve in R

is a continuous vectorvalued function

X I s IR

ie te I Xlt x It Xults E IR suchthat

every component function Xi t i containous it n

egs.it I Fi 1 IR

I A It t
It o notincluded

ix t yet ya I g x

iii ofcourse parametric famof a line
gives a cave Ict Ptt te fo o



Defa A cure I ab R is said to be

I closed if Ila Xb
it simple if Ict Ift fa act tab

exceptpossibly at tea tab

Kla
Ig

Afia
with titz

b a

closed notsimple notclosed simple

closed simple

simpleclosed cane

Thu Let Itt Xlt Kitt Then

A Ataxia Exits detaxnits

Ift de yo Ift th TA
x'its existsh

provided limitsexist



Defa Ra tangent vectorofXlt at tea

Picture ÉÉ

Rath Tca

Physics If Ict displacement at tweet

Then Ift velocity vector at tuiet

Kt acceleration recta

HIIIII speed

eg TAK last suit Oster

x I Rye theunitcircle

i Ift suit Ost is thetangentvector

IN Tokyo Tvelocity Itt fruitiest
E acceleration I'A fast suit

IAI
simple closed speed 115911 1

y 2

eg I 1,07 IR I
Ea

FACE I i

Y Y g x 9
thistle 10,0
notincluded in thecave



Rules

Let Ict Jett be caves in IR CE IR be a constant

flt be a real valuedfunction There

4 FA JAI TAI Tft
21 CTIA C Ift
31 flt IAI FAI FAI FAI FAI
141 Itt FADI Itt Jit Iits 5ft
5 Fan 3

IA x51A IA xTA TAIXIA

Remark 31,141215 are all called productrules

Arelength of a cave

let Itt be a cave with Itt exists and continuous

Def Arelengthof Ict for a stab is

S S Il Itt Il dt

Remark If IAF displacement at time t
then Itt velocity

HIGH speed

Sillett'lldt distance travelled



Ideaofthedefa from mathematician's pointofview

approximatethe cave bystraight

fyt.tt o line segments

Rial

sa Iti Fit Fti list
t

IF Titi ti ti i s fabletydt
A

as theapproximationgetbetter better

eg Helix

Ict Cst suet t cave in 1123 teto ZTT

Intl t.o.tl at Frid thetangenthie off at t t

b Find arelengthofthehelix
in y

y
ion

Sohn a Ict est suit t
IAI f sit cost I

ITT O 1 1 is thetangentrecta off
at t T



of course ECT 1 O Til is a point onthe
tangent line

The tangent lui e at t t is given by

J z ICHI TEICH

f to F E CO II TER

Ib Ily it Il It suits lost5 12 E
arelength S S III tell de SEF dt

ZE T

Remark Arelength is independentof changeofparameters Proofomitted

Ex


