CLASS 9 + CHAPTER 3 - EXERCISE 3.

~Qets and Functions

~Exercice 3.1 - Super Easy

Very short lines. Very small steps.

A new chapter, but the same slow way.

One small idea at a time. You can do this.

1\

How to read this book

Read one box.

Stop.

Look at the example.
Say the steps out loud.
Then read the next box.

[n thic book you will learn

e Question 3 - proper subsets
oD
e Questions G and § - the empty set, and one tricky difference
e Questions-6-and-7--the power set
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Firet: What is a Get?

A set is a group of clear, different things.

The things in a set are called its elements.
We write a set inside curly brackets: £

Example: the set of vowels is {a, e, i, 0, u7.

Three ways to write a set

I. Descriptive form - say it in words.
The set of the first five natural numbers.
2. Tabular form - list every element.
£2, 34,57
3. Set builder notation - give the rule.
x| xENANXx<ST?

/
{x [ vule for x{

iy . A~ R i N .
i Read the rule like this: "x, such that.." :
- I
' The line | means "such that". !
:' The sign € means "belongs to". !
|

i The sign N means "and". i
! !
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-~ Joolbox: The Number Sets
: NY 4 A

These letters come again and again. Learn them slowly.

W starts from 0. N starts from 1.

— Letter Name It meanc
N Natural numbers {2, 3 6 .7
W Whole numbers 0,1, 2, 3, .7
2 Integers oy =2, 1,0, 2, .3
P Prime numbers £2,3,85 7 1, .7
Q Rational numbers numbers like 1/2, 3/4, -S, 0.2S
R Real numbers all numbers on the number line
Watch out!

| is NOT a prime number. The first prime is 2.
2 has minus numbers too. N and W do not.

E—
Y \ \ A 1

—— 11 Easy way to remember: ——
d 1

——1—1 N is the counting numbers: |, 2, 3.. —
g 1

—— 1 Add 0 and you get W. —
1

1 Add the minus numbers and you get 2. I
! ]
B o A e M e e e e e e e e e e J
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Toolbox: Subset and Power Set

Subset

A small set made from a big set.
Every element of the small set is also in the big set.
Example: €1, 23 is a subset of {I, 2, 37.

Proper subset

A subset that is smaller than the full set.

It must miss at least one element.

So €1, 27 is a proper subset of {l, 2, 37.

But {1, 2, 37 is not a proper subset of itself.

Empty set

A set with no elements at all.
We write it as £ § or Q.
It is a subset of every set.

Power set

The power set of A is the set of all its subsets.
We write it as PCA).

Number of elements of P(A) = 2"

Here v is the number of elements in A.

Count the elements. Then double 2 that many times.
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{
®

G). {1 4 9 16, 25, 36, ..., 484]

@ Looki | =12 4 =22 9 =32 )5 =42

77\ 2
w So every number is a square: x = n”.

@ Last one: 484 = 222, So n goes from | to 22.

 Answent fx | x=n*>, nEN AN Isn<22}

Gi)- {2, 4,8 16, ..., 256/

(1) Look: 2 =2 =22 g=23 16=24
\_/

) N o a2
4@_~5‘OTV€7'g—W7W‘bEY_!K_a—pUWET_0r4:X—4‘

(;) Last one: 256 = 2%, So n goes from | to 3.

~ Answer:{x | x=2", nENANISn<8]

Gii){o 71, %2 ..., 7000/

m These are all the integers, from -1000 up to 1000.

Answer: fx | x €E 2 A -1000 < x < 10007
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(v). {6 12 18, ..., 120]

m Look: 6, 12, 18... These are the multiples of 6.
N

N
—_ . —_ . —

Vo
w So n goes from | to 20.

~ Answer: {x | x=6n, n EN A< n<20F

—

(V2
\ 4

f100 102 10
k/' ‘lvv, V&) [ A" 4N |

) °°° )

@ The numbers go up by 2 each time, starting at 100.

@ Start at 100 and add 2n: x = 100 + 2n.

(3) Start: n = 0 gives 100. End: 100 + 2n = 400, so n = 150.
) g -

. . - ) A
, , mot N.

 Answer: {x | x =100 +2n, n €W A 0 < n<IS0F

(i). {13 9 272 81, ..

7

2 3

/ \ [T >0 Y >l O — > Py -
wLOOK.":5,5=5, a7 &7, /= 57

@ So every number is a power of 3: x = 3"

( \?/ ) The dots mean it never stops. And n starts at 0, so n € W.

Answer: {x | x = 3", n € W}
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 Question 1- last part
- [

(it). {1,245 10, 20, 25, 50, 100{
(1) Try dividing 100 by each number: 100 + 1, 100 + 2, 100 + 4, 100 + ...

—A@w@_wc@;w&w%_uathmg_k&_mr.

N\ . . R . , . ,
w So tnese are tne divisors of 100. Here we write the rule in words.

| Answenr: {x | x is a divisor of 100, x €E N A | < x <1003

) S a0 48 10070
| QALY S ] U, 1) s+, TVV])
77\
I') Look: S, 10, 1S... These are the multiples of S.
2) Sox=58n Firstt § =8 x 1. Last: 100 = S x 20.

I Answer:fx | x =Sn, n EN AN )< n<207

(ix)- The set of all integers between -100 and 1000

(;) This one is given in words. We still write the same rule.

m Integers means x € 2.
\/ =

1

The pattern trick: always ask three things. :

What is the rule? Where does it start? Where does it stop? ::—
!

/.__|_.__

i

Math 9 — Sets and Functions — Exercise 3. Page 7

(A} -alifreeassets.com{ ALt FREEASSEFS




w Stop! The next one, 36, Is more than 35. Do not write It.

| Answen: {3, 6,9, 12,15, 18, 2], 24, 27, 30, 33}

LG [ xE RN 2¢+1=0f
. L VJ

77\
w Solve the equation: 2x +1 =0 - 2x=-1 - x=-l/2.

@ -1/2 is a real number, so it stays. Only one element.

N’

— Answer: §-1/23

Loos) I yi P~ b
(). Ix[ xS PN x<12f
(1) P means prime numbers: 2, 3, S, 7, 1, 13...

—4®_Keep_anly_t&m_am_las_than 12, Stop before 13

Answer: {2, 3,5, 7, 117

(v). I [ xic a divicor of 1281
—@me the one before. Do not miss any.

Answer: I, 2, 4, 8, 16, 32, 64, 1287
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Question 2 - last part

). x[x=2", n€E NN n<8f
@ ncanbel 2, 3 6 5 6, 7. Not 8, because n < 3.

@ Now put each nins 2H=2,2% =23 =3, 2% =16, 25 = 32, 26 =64, 27 =123,

Answer: £2, 4, 3, 16, 32, 64, 1287

(i) [ xE NN x+4=0f
@Solve:x+¢/=0 S X = -4,

@ But wait. Is -4 a wnatural number? No! N has no minus numbers.

@ So nothing fits the rule. The set is empty.
Answer: { 7 the empty set

(i) x[x€ NN x=x{

@ Every number is equal to itself. So every natural number fits.

@ The-list-never-ends;—so-we-end-it-with-dots.
Answer: {1, 2, 3, 4, ... §

Giii). Ix[x€E ZN 3x+1=0]

@Solve: I+l =0 5 3x=- 5 x=-I/3

@ Is -1/3 an integer? No! Integers have no fractions.
@ So again, nothing fits the rule.

Answer: { 7 the empty set

Big trap in this guestion!

Solving the equation is only half the work.

Always check: does the answer belong to the set named in the rule?
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Question 3 - Two Pra,ber Subsets

Write-two-proper-subsets-of-each-set—A-proper-subset-is-smaller—it-must-miss-at-least-one-element.

Many answers are possible. These are just good ones.

(). {a b, cf

@ Take just one letter at a time. A single element is always a proper subset.
Answer: {af and {b}

(ii)- {0, 1

@ Same idea. Take one number at a time.
Answer: 07 and §I7

i) N {123 4 ..0

@ N is very big, so we can take a whole family of numbers from inside it.
@ The-prime-numbers-are-atl-in-N, but they-are not-all-of N:

@ The even natural numbers are also all in N, but they are not all of N.
Answer: The set of prime numbers and the set of even natural numbers
Gv)—2 =101

@ Look for families that live inside the integers.

@ Every prime number is an integer. Every whole number is an integer too.

Answer: The set of prime numbers and the set of whole numbers
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Question 3 - last part

(v). Q@ the rational nombers

@ Every integer can be written as a fraction, like 3 = 3/I. So the integers live inside
®.

@ Every natural number is also a rational number.
Answer: The set of integers and the set of natural numbers
(vi). R the real numbers

@ R is the biggest family here. It holds the rationals and- the irrationals.
@ Each family on its own is smaller than all of R.

Answer: The set of rational numbers and the set of irrational numbers

i) [xE QN 0<x< 2f
@ We need rational numbers greater than 0 and up to 2.
@ Pick two simple fractions that fit: 1/2 fits, and 3/4 fits.

Answer: {1/27 and £3/43

Question. 4 - A Set With No Proper Svbset

Question: Is there any set which has no proper subset? If so, name that set.

@ A proper subset must be smaller than the set.
@ The empty set has no elements at all. Nothing can be smaller than nothing.
@ So-it-has-no-proper-subset.

Answer: Yes. The empty set, § 7
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Question 5 - g',bot the Diﬁz'ekence

Question: What is the difference between {a, b3 and {fa, b33?

@ Count the elements. That is the whole trick.

fa, b3 {fa, b7

This set has two elements: This set has only one element:
a and b. the set fa, b¥ itself.
They are separate, side by side. The inner set is packed inside, like a

box inside a box.

|

Answer: {a, b] has 2 elements. {fa, b?3 has | element.

Question 6 - How Big i the Power Set?
Use the rule: number of elements of P(A) = 2", where n is the number of elements in the set.

G)- {4

@ The empty set has n = 0 elements. 2° = ).

Answer: | element
Gi)- {0, 1/
@Count:n=2. 22=2x2=4

Answer: 4 elements

Gi). 11,23 4.5 6 7/

@ Countn =727 =123

Answer: 128 elements
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Question 6 - last part

(;V)‘ {0, 71 2/ 3) q) 5; 6) 7]

@ Count carefully: 0, 1, 2, 3, 4, S, 6, 7 - that is n = 8, not 7. 2ero counts too!

@ 2% = 256

Answer: 256 elements

(v)- {a, {6, cff

@ Count-the elements:-a-is-one-element. b, ¢3-is the second-element.

@ A set inside a set counts as one element. So n = 2.

@22=q.

Answer: 4 elements

(vi)- {{a, b1, {6, ¢f, {d eff

@ Each small set is one element: fa, b3, then b, c3, then {d, e?3.

@Son=3. 22 -2x2x2=3

Answer: 8 elements

The trap in (v) and (vi)

Do not count the letters inside the small sets.

fa, £b, ¢33 has 2 elements, not 3.

Count only the things separated by commas in the outer set.

Doubling table - learn this by heart

25=32 . 26=64 . 27 =128 . 2% = 256

20=) . 2l=2 . 22=¢ . 23=9 . 29=6
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time, then two together, then the whole set.

G). 19, 11 (etA=1{3 11]

( \_l/ ) First check the count: n = 2, so P(A) must have 22 = § subsets.

fz\ A ) + Ve
‘ ) INO CIC/VICVILS:

@ One element: £93, fI3

m Both elements: {9, 113

"~ Answer: P(A) = £, €47, Eng, £9, 137

G I+, = =, =f (etA={+ - x =/

m Count: n = 4, so P(A) must have 29 = 16 subsets. Work slowly, in groups.
N’

@—Nowe*m
L I &g

77\ A . DR, W
L_B) One at a time (4): (+5, -5, X5, {=F

(D Two at a time (6): + =3, £+ x3, £+ <3, €=, x3, £, <3, & =7

@mﬂﬁm 4): £+, - x3, &+ — =3 {+ x =3 £ x =%
i 7)) o 2
Dy 1+, =% =7

@ Add them up: | + 6 + 6 + G + | = 16. Perfect, none missing.

— Answer: P(A) has all 16 subsets listed above
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Question 7 - last part

Gir). D] (et A={D]

@ Careful! This set is not empty. It has one element: the empty set itself.

@ So-n-—=1,-and-PCA) has 2| =2 subsets.
@ First subset: the empty set, @. Second subset: the whole set, {DJ.

Answer: P(8) = {0, {037

Gv)-—{a, {6, eff Let A={a {6, ¢ff

@ Count: a is one element, b, ¢3 is one element. So n = 2.

@ P(A) must have 2% = § subsets.
@ None: @ One at a time: a3, and &b, c33 - note the double brackets.

@ Both together: {a, tb, ¢33 = thisis A itself.

Answer: P(&) = {2, {af, {fb, c13, {a, (b, c}77

The hardest idea in this exercise

@ means the empty set. It has 0 elements.
£D3 means a set holding the empty set. It has | element.
Think of it like this: an empty bag is still one bag.

Always check your power set:
Count your subsets when you finish.

The count must be 2".
If it is not, one subset is missing. Find it.
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Chect Your Answers

Cover the page. Try the guestion. Then look here.

Question Answer
L) x| x=n? 1 sn<22F ()& |x=2"1<n<37 Gi)fx|xE
- Set 2, -1000 < x < 10003 (iv) & | x =én, 1 <n<20F (v) & | x =100+
' Luilder C2n,n E W, 0<n< 1507 (i) x| x=3"nEWF (i x| xisa
' divisor of 1003 (viii) & | x = Sn, 1 <n <207 (x) & | x € 2, -100 < x
| < 10007
' Q2 Tabul TG) 36,79, ., 337 Gi) 123 Gii) €238, 7, 113 Gv) €1,2,74,8, 716,
abular
» 3264, 1287 (v) £2, 6, 8, 16, 32, 64, 1287 (i) €3 (i) €1, 2, 3, 4,
orm
W i) £3
@3 Proper () fa3, Eb3 i) €03, 13 Giii) primes, even naturals (iv) primes, whole
b tp numbers (v) integers, naturals (vi) rationals, irrationals (vii) €1/23,
. subsets |
£3/43
Q4 - Yes - the empty set £ 3 has no proper subset
| Qs | fa, b3 has 2 elements; {fa, b33 has | element
Il 6 S‘ f Il
| :?owe:zje: @G & Gi) 128 Gv) 256 (W) 4 (i) 8
- Q7 Power | (i) £, {93, {113, €9, 1133 (i) 16 subsets of {+, —, x, =3 (i) {©, {D}}
set (v) {2, {a3, &b, ¢33, a, (b, 377

Three things to remember

|. Find the pattern first, then write the rule.

2. After solving, check the answer belongs to the named set.

3. Power set size is always 2". Count n with care.

Exercise 3.1 - done. Well done, you finished Chapter 3's first exercise.
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