TOPIC1 SETS

FORMULAE AND IMPORTANT NOTES

1. A set is any well-defined list, collection, or class of objects. These objects are called
elements or members of the set. A finite set has finite number of members. An infinite set has

infinite number of members.

2. Sets will usually be denoted by capital letters 4, B, C, etc. There are many ways to define
sets. Here are some examples: 4 = {x:2 <x <100}, B={(x, ): 2x+3y=35},C={x:xisa

perfect square}, D = {q, b, ¢, d, e}.

3. Quick reference

NOTATIONS WHAT IT MEANS
AUB Union of 4 and B
ANB Intersection of 4 and B
n{A) Number of elements in set 4
€ "... is an element of ..."
3 "... is not an element of ..."
A’ Complement of set 4
1) The empty set or null set
£ Universal set
ACB A is a subset of B
AcB A is a proper subset of B
AL B 4isnotasubsetof B
Az B Aisnota proper subset of B
{x, %5 o} The set with elements x,, x,, ...
{x: ...} The set of all x such that ...

4. (i) The null (empty) set is a set with no number. Example: {a real number whose square is
negative} = ¢. A set with "zero" as the only member is not a null set.
(ii) A null set is a subset of all sets.

(iii) If A < B then n(4) < n(B). The converse needs not be frue.
(iv) IfA < Bthen n(4) < n(B). The converse needs not be true.

(v) If4< Band B < A4 then 4 and B have the same members. We write 4 = B. The
members of each of the two sets do not have to be arranged in the same order.
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(i)

™

In diagram (i), AUA'=¢ -

o \Study*tﬁ:é following diagrams carefully. Pay péffiéula: attéf_iﬁon to the notations that ‘

iie used to define each region.

A and B are mutually
Cexclusive.
They are disjoint sets.

™

N
ty

5

(4uB) AnB (4UB)

In diég:am (i), ANB=¢

AUBUC)
= A'NB'NC

(12

In diagram (iv),

BaA

Bcd

AuB=B

AcB

AnB=4 |
B contains or includes |
A. A is a proper subset
of B. 1




6. Study the name given to each shaded region of the following diagrams.
@ (i) @)

é‘ .

AnB

) (vi)

(vii)

A' (AUB'unB). AfUB=(AﬂB')’
A'nBYuAnB)
A'uBnB U4

il

(xi)

(AnBy=AUB AUB [

7. (i) Forany two sets: n(4 uB) =n(4) +n(B)—n{4d n B)
(i) For any three sets:
nAuBUC)=n(4)+nB)+n(C)—nAnB)-nBnC)—n(CnA)+ndnBnC)

g
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WORKED EXAMPLES

1.

Each member of a sports club plays at least one of the games: badminton, golf, tennis.
Denoting the sets of members who play badminton, golf, tennis by B, G, T respectively,
display the following information on a Venne diagram:
nB'NnGnT)=62,nBnG'nT)=50,n(BnG'n D=8 nB'nGnTD=10.

Denoting a(B n G n 7) by x and given that n(G) = 112 and n(7) = 60, express n(Bn G n T
and n(B'n G'N 7T) in terms of x. _
Given that thé total membership of the club is 200, evaluate x and find OnBuUHND),
(n(B'UG'u T"). (N84/P2/2a) o - |

nBnG'nT)=n(G)-nB'nGnT)-nB'nGn N-BnGnI)
=112-62~10-x
=40 -x
nB'NnG'nT)=n(T)-nB'nGnT)-n(BnGn I)-nBnG'nD)
=60—-10-x-8
=42 -x
n(e) =n(G)+nBnG'nT)+nBnG'nT-n(B'n G'nD
=112+50+8+42-x

=212 -x
200 =212 —x
x =12

® wBUGONT) =aBAG'NTY+nBANGAT)+nB nGnT)
=50+ (40 —x) + 62 .
=50+40-12+62

=140

(D)

BuGuTl'=BnGnI)y
S nB'uGul)
=nBnGnl)
=n(e)-nBnGnD
=200 -x

=200-12

=188
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2. (a) Express in set notation the region containing e 4 B
() x elements, (ii) y elements, (iii) z elements.
(b) Given that n(e) = 150, n(4) = 42, n(B) = 50,
odnB)=12,0(BnC)=18,n(dnC) =13,
n{d U C) =82, n(4 U B U C)' =40, evaluate x, y
and z. (N85/P1/29) C

& @ 4nBnC
(i) 4AnB'nC
(i) A'nBnC

() z=nBnC)-ndnBnC)

=18-x ‘
nAd'NnB'nO=0(AuC)-nd)—=z
=82-42—-(18-x)
=40-18+x
=22+x

n(A)+od'NnB'nC)+n(d'nB)=n(d uBuUC)
42 + (22 +x) +n(B)-n(4 nB) =n(e) -n(d yBU C)’
42 +22+x+50-12=150-40

102 +x=110
x=8
y=0dnC)-ndnBnC)
=13-8
=5

z=n(BnC)-n(dnBnC)
=18-8
=10

Lx=8,y=5,z=10

PAST EXAMINATION QUESTIONS

1. Use set notation to define the shaded regions.

4

\/

2. &= the set of real numbers. R = the set of rational numbers. / = the set of irrational numbers.
N = the set of negative numbers. Draw the Venn diagram that illustrates the relationship of €,

R, I'and N. What is the set (R U I)'?
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10.

'Evaluate P q and r.

Given that .

n(e) = 20, n(4) = 10,

n(B) =11, n(dnNB)=4,
nBNC)=7, ndnC)=S5,
n{duC)=16, (d UBUCO)=1. -

leen thate = {x x is an integer > 2}, draw a Venn diagram showmg ¢ and the subsets
D = {x: x is odd}

P = {x: x is a prime humber}
C = {x: x is a perfect cube}
Place each of the numbers 27, 28, 29, 30 in the correct parts of the Venn diagrams.

There are 41 students in a school. They follow courses in English, Chinese and Malay. All
students take one, two or all three of these subjects A survey of course numbers gives the |
following data.
Malay 26
English 27
Both Malay and English 16
Both Chinese and Malay 15
English but not Chinesé 6
English only 4
Use a Venn diagram to determine the number of students
(i) taking Chinese,
(if) studying one subject only.
The set P(n) is the set of prime factors of »n, where n is an integer greater than or equal to 2.
Example: P(24) = {2, 3}.
List the numbers of (i) P(240), (i) P(44) v P(30), (iii) P(15) n P21).
Each number of a sports club with 100 members plays at least one of the games: basketball,
football, table tennis. The sets of members who play basketball, football; table tennis are
denoted by B, F, T respectively. It is found that
nB'NFNTY=31, n(BNF'NnT)=25,
nBNF'NnT)=8 nBNFNT)=5,
n(F) =56, n(7) =30. . o
Evaluate n((BU F) T '
In a class of 12 pupils, 7 is the set of pupils who play the trumpet and £ is the set of pupils
who play the electric organ. Given n(7) = 8 and n(E) = 6, state the maximum and minimum
values of (i) n(ZNE), (i) n(TUE). |
A box contains 16 red, 12 blue and 32 green spheres. There are 24 glass spheres, and the
remainder are made of plastic. The number of red plastic spheres is equal to the number of
blue glass spheres. How many plastic spheres aré green?

In a survey a researcher classified bicyclés_ih three sets X, Y and Z. Given that n(X) = 16,
n(Y)=24,n(Z)=40,n(Xn =14, 0 m2) =12, n(X N Z) =8, evaluate n(X " YN Z").
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11.

12.

13.

A universal set ¢ is defined by £ = {(x,y) : 2sx=2and
-4 <y = 4}. The figure shows the boundaries of € and of - ;
three subsets A, B and C defined by A = {(x,y) 1y =2},
B={(xy):y=z2}C={(y)y=x} 1

Draw the figure twice and, in each case, shade the region representing the following (i) ABC,
(ii) A'C'. In each of the three diagrams below, express the set represented by the shaded area
in terms of the symbols, A, B, C,A', B, C, 1, U '

(i) y (iv) y Gv) -V
\ | £
N/AW

(383/P1/29)

Three sets A, B, C are subsets of a universal set & such that n(A NB N C) =154 NB' N
C=8,nA'N B N C)=3.Draw a Venn diagram to illustrate the given information. Given
also that n(e) = 90, n(4) = 54, n(B) = 48, n(C) = 38, n(A N B N C) =x, express in terms of x.
@ n@NBNC),

(i) n@ANBNCY,

(iii) nA'NBNC).

Find

(iv) n4d'NB'NCY,

(v) the maximum value of x,

(vi) the minimum value of x. (383/P2/29)

The set P(n) is the set of prime factors of 7, where n is an integar; (n = 2),
e.g. P(18) = {2, 3}. , i
List the members of i
(@) P(180),

(i) P(A2)NP(S5),

(iii) P(30) U P(42).

State whether each of the following statements is true or false, giving a counter example in
those cases where you believe the statement to be false.

(iv) Pla)=P(b)y=a=b. "

(v) P(a) < P(ab).

(vi) P(a) cP(b)a<b.

(vii) P(2¢)=P(2¢+") where k is a positive integer.

(viif) a = b2 = P(a) = P(b). (N83/P1/29)
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14.  Each of the Venn diagrams below represents a universal set e and three subsets 4, Band C. In
each case express the set represent by the shaded region in terms of some or-all of 4,B,C N,
U, the complement sign ' and brackets. i

15.

16.

17.

18.

®

®)

(®)

(i)

In the given diagram n(d) = 31, n(E) = 33,
n(4 v B) = 56, n(B U C) = 50. Evaluate x, y, z and
w. Given that n(e) = 70, find n(4 U B U C).

Given that none of the sets 4, B, C, D, E, Fis ¢ or ¢
state, in set language, the deduction that can be
made from each of the following:

D AnB=A,

(i) CwD=D,

(i) EnF=EUF. (J84/P1/29)

The figure shows a universal set € and three subsets
A, B and C. Draw the figure three times and, by
shading, illustrate regions.

® “UnBy,

i@ AnBnC

@iii) 4AuBnC

Given that C is the set of cars, 7 is the set of trains
and P is the set of vehicles which take passengers,

(iii)

(N83/P2/29)

(S
N

B |

C

(1)  express in set language the statement " not all trains carry passengers”,

(i) interpret (77U C) NP ¢. (J84/P2/29)

The figure shows a universal set € and three subsets
A, B and C. Draw the figure three times and, by
shading, illustrate the regions:

i “duBnC

i) AnBnC.

(ii) UNBUBNO)

In a class of 30 pupils, P is the set of pupils who play

C

the piano and ¥ is the set of pupils who play violin. Given that n(P) =20 and n(¥) = 15,
state the maximum and minimum values of (i) n(P N V), (i) n(P U V). (N84/P1/29)

A total of 90 copies of either the Times, the Mail or the Express was delivered to the 60
houses in a certain street. Each house took at least one paper. Five houses each took a copy of
each paper. No house took only the Mail. Seven Houses took both the Times and the Mail, but
not the Express. Nine houses took both the Mai/ and the Express, but not the Times. Draw a
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19.

20.

21

22,

Venn diagram to illustrate this information and find (i) the number of houses which took both
the Tines and the Express, but not the Mail, (ii) the least and the greatest number of copies of
the Times that might be required. (J85/P1/29)

(a) Given that € = {x : x is an integer > 2}, draw a Venn diagram showing € and the subsets
O = {x:xisodd}, P= {x : x is a prime number}, S = {x : x is a perfect square}. Place
each of the numbers 64, 65, 66, 67 in the correct parts of the Venn diagram.

(b) The figure shows a universal set € and three subsets ¢
A, B and C. Determine whether or not each of the A
following sets is necessarily empty:

DA NB, (i) ANC, ()4 BUO). "
Reduce to a simpler form: iv) 4w B U,
(V)4 "B NC, (vi)4 UBUC. (I85/P2/29)

There are 82 students in a college science department, and they follow courses in
mathematics, physics and chemistry. All students take ome, two or all of these subjects. An
investigation of course numbers gives the following information:

Students
Chemistry 52
Mathematics 54 ~
Both mathematics and chemistry 32
Both physics and chemistry 30
Mathematics but not physics 12
Mathematics only 8

Use a Venn diagram to determine the number of students (i) studying physics, (ii) taking one
subject only.

Eleven new students, each of whom studies exactly two subjects, join the department. The
result is that the total number of students studying each of the three subjects are now equal.

Determine the number now studying (iii) each subject, (iv) both physics and chemistry.
(N85/P2/29) "

Given that C is the set of cars, 7 is the set of trains and P is the set of vehicles which take
passengers,

(i)  express in set language the statement "not all trains carry passengers”,

(ii) make a statement explaining the meaning of (7w C) " P#¢. (sp/P1/2)

Sets H, M and P are defined by

H = {students studying history},

M = {students studying mathematics},

P = {students studying physics}.
Express the following statements in set notation.
(i) No student studies both history and physics.
(ii) All physics students also study mathematics.
Describe in words which students belong to the set
(i) FN"MnP’,
iv) HuM)ynP.

(32002/P2/3)
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ANSWERS

TOPIC 1 SETS

. UNBNCYUA'NBNO) 4. ANB'NCLANBNC,ANBVC,
BuC,(AuC)uUB

2. ¢ RuD=9 15. (@ 17,5,13,11;3;

K ! t) @ AcB
QD G C<D
' (i) E=F

16. ) i) TnP=}
(ii) Not all vehicles which take

3. 3,2,4 .
- - passengers are cars or trams.
e 17. & @O 155
@ 30,20
2 () 16,51 .
= 19. (b) () Yes
5. (i) 26 students (if) No
(i) 17 students (i) Yes
6. () {23} @v) 4
Gi) {2,3,5, 11} ) 4
@i {2,3,5) (v) ¢
70 20. () 52
8. (@ 25n(TnE<S6 () 34
G) 8<n(TUE)<I2 (i) 60
9. 24 plastic spheres ‘ @v) 35
10. 12 21. @ TAP=#o i
11. @) BnC (1) No_ta]lpassengers travel on trains or
(v) A'NBAC in cars.
(v) A'NB 22. ) HnP=g .
12. (v) 14 (). PcM
(v 20 (ifi) Students who study mathematics but
i) 1 not history and not physics. |
3. @ (235) (iv) Students ‘WhO study bistory or |
@ G mathematics but not physics.
(i) (2,3,5,7) TOPIC 2 TRRATIONAL ROOTS (SURDS)
@iv) F ;
@ T 1. @ 25
i) F ® 3
(i) T © 2
(viti) T @ 6
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