1. Functions



1-1 Sets

Definition 1.1 (Sets and elements). A set is a collection of objects (maybe
numbers, maybe kittens, maybe something else). The objects in the set are
called the elements of the set. If S is a set, and a is an element of S, then we
write a € S. If a is not an element of S, we write a ¢ S.

Example 1.2.
» N denotes the set of natural numbers, i.e. whole positive numbers.

» 7 denotes the set of integers, i.e. whole numbers, both positive and
negative.

v

Q denotes the set of rational numbers. These are numbers that we can

write as the quotient of two integers, i.e. 2= 2,15 =3 —2% = =T

() is the empty set, which is the set with no elements at all.

vy

R denotes the set of real numbers, i.e. all the numbers on the number line.




Definition 1.3 (Describing sets). Some sets can be described by listing their
elements between braces, i.e. the symbols { and }. For example:

> {0} is a set with one element, 0.

» {—1,2,5} is a set with three elements.

> {} is a set with no elements, or in other words it is the empty set ().
> {...,—2,-1,0,1,2,...} is another way of writing 7Z.

Sets can also be described using set-builder notation, for example

A={x|xisaneven integert = {...,—4,—-2,0,2,4,6,...}.



Definition 1.4 (Intersections and unions). If S and T are sets, then their
intersection, denoted S N'T, is the set of all elements of S that are also
elements of T'. So in set-builder notation

SNT={x|xz€S andzecT}

Their union, denoted S U T, is the set consisting of all elements of S and all
elements of T'. So in set-builder notation:

SUT ={x|x €S orxzeT orboth}.

Their set difference, denoted S\T is the set containing all the elements of S
which are not elements of T':

S\T ={z|xr € S andx ¢ T}.



Example 1.5.
1 1
{~2,-1,0}U{0,15, 7} = {~2,-1,0,1, 7}

{-2,-1,0}n {0,137} = {0}
{-2,-1,0} n{1,2} =0
{-2,-1,0} U {1,2} ={-2,-1,0,1,2}
{-2,-1,0}\{1,2} = {-2,-1,0}
1
{_27 _17 0}\{07 _13 57 7T} = {_2}
Warning The elements of a set are not ordered, so that for example

{1,2} = {2,1}. And we can list the same element twice without changing the
set, so that for example {1,2,2,3,3,3,3,3} = {1,2,3}.



Definition 1.6 (Intervals). Let a < b be real numbers.
» The open interval (a,b) denotes the set of all numbers between a and b,
not including a or b. So in set-builder notation:

(a,0) ={z|a<z<b}

» The closed interval [a,b] denotes the set of all numbers between a and b,
including a and b themselves. So in set-builder notation:

[a,b] = {z | a <z < b}

» There are also two kinds of half-open interval defined as follows:
[a,b) ={z | a<x<b}
(a,b] ={z|a <z <b}

Question
Describe the following sets as a single interval.

1 (1,3)U(2,4]
2. (r,10) U [10,11]
3. (0,1) U (1,2)



Solution
1. (1,4]
2. (m 1]
3. It's not possible as single interval, but could write (0,2)\{1}

Definition 1.7 (Unbounded Intervals). There are also unbounded intervals
defined as follows.

Warning: Note that the symbol co only appears in the names on the left, but
not as a number on the right. In fact, co is not a number, just a symbol we
use for abbreviation.



	1
	Functions
	Sets
	Functions
	New functions from old functions
	The limit of a function
	The precise definition of the limit
	Continuity


	2
	Differentiation
	Derivatives and rates of change
	The derivative as a function
	Differentiation formulas
	Derivatives of trigonometric functions
	The Chain Rule
	Implicit differentiation
	Maximum and minimum values
	The Mean Value Theorem
	How derivatives affect the shape of a graph
	Exponential functions and their derivatives
	Logarithmic functions
	Derivatives of logarithmic functions
	Inverse functions


	3
	Integration
	Antiderivatives and the indefinite integral
	Computing integrals: the basics
	Substitution rule
	Area and the definite integral
	The Fundamental Theorem of Calculus
	Integration by parts
	Integrals containing trigonometric functions
	Trigonometric substitutions
	Integrating rational functions: partial fraction decomposition



