

































































































Lecture 1

KatyCraig 2024

Math 117

Prof KatyCraig
Course goal transition to higher level mathWhat is a proof Let's prove interesting things
This is a mathematical writing course

You must back up your claims usingclear logical arguments
You must be able to precisely state
important definitions and theorems

If something doesn't make sense

Carefully read all relevant definitions
and theorems Get the textbook
Ask me TA or LAs for help
Hang in there If you stay on top of
learning definitions and theorems things
will start to make sense If

you
don't

things will become more confusing



Why analysis What is analysis
take everything you

learned in
Calculus and put it on rigorousmathematical

footing

analysis is the mathematics ofapproximation a key link
between mathematics in the
real world and mathematics in
the fake world

Real world observations

forisimulations
mathematicalas

I

Predictions



Numbers
Natural numbers IN 1,213,4

Integers 2 352 1 0,1 2,3 3
Rational numbers Er minez n o

Real numbers IR
p

Goal offirstpart of course define the real numbers
so we know what to put here

Intuitively IR is all numbers on number line

keypropertiesof these classes of numbers

Property 1 Inductive Characterization of INIf a subset SEIN satisfies
i IES
ii if nes then ntles

then S IN Mentalpicture chain reaction

1 55
Ex S 2,3 4,5 fails i and ii



IMPORTANT REMARK

This is the basis ofproofby induction
Suppose P1 P2P3 Pk KEIN is a list of statements

Pk kt 2 is an integer
PK Katy wants to eat k cookies

Suppose you can prove that
a P1 is true base case

4 For all NEIN Innisfree then Putt is true

inductive step inductive hypothesis

What does this tell us about S KEIN PK is true

Condition a ensures 1ES
Condition b ensures that if nes then nt les

Therefore Property 1 ensures that S IN

In other words if you can prove criteria a

and b then Pk is true for all KEIN

The previous remark shows that the
fact that proof by induction works is
a consequence of Property 1 of IN



Exercise 17
Prove by induction that for all NEIN

I It t In 2 In

Property2 Q is dense in Q

Prop For any p.geQwithpeq
there

exists r Q
satisfying percq

Between
any

two rational numbers there is
a rational number

Pf Let r PI8
P p 18

First we show re IQ Since p qEQ
Mp Mp Mg Ngf 2 with Np 0 andnq 0

so that p mp and
gangMp integer

thus r P ftp
tn

g mr2ffffffgeiosorEQ

integer



Furthermore since peg so 2 92
So

8 82 242192 42 4 8



Property 3 Absolute Value and Distance

We
may

take the absolute value ofanynumber in IN Z Q R

Def la a if a o

a if aco

The basicpropertiesof 1 1 For all a b ERi la 20
Iii labl lal bit 8884m paffinftributed
Iii latbl at b Triangle inequality
We can use the absolute value to define a

notion of distance between any
two elements

of R

Def For any
a belR distla b la bl

EEE.gs



Property4 Strict Containment
followdirectly from definition

INEZE QEII
strictly we will show next
contained

Recall Given two sets A B
AEB if a EA implies at B
A B if there exists a EA for which a B
A EB if AEB but A B


