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wesion1  EXercise 17.5 Solutions

Find x and y:

) (x—=5,10)=(1Ly—7)

When two ordered pairs are equal,
their first parts are equal and their second parts are equal.

So,

e First parts:
x—5=11=>x=11+5=16

e Second parts:
10=y—-7T=y=10+7=17

Answer:x =16, y =17

(i) (5x +8, 5y —4) = 3x + 10,2y +2)

Again, match first parts and second parts.
First parts:
Sx+8=3x+10
Bring like terms together:
Sx—3x=10-8=>2x=2=>x=1
Second parts:
Sy—4=2y+2
5y-2y=2+4=3y=6=>y=2

Answer:x =1, y =2

(iii) 2x — 3y, 5x +y) = (3, 16)
So we have two equations:

1. 2x—3y =3

2. 5x+y=16
From equation (2):

y=16—5x

Substitute this in equation (1):



2x—3(16—-5x)=3
2x—48+15x =3
17x—48 =3
[7x=51>x=3
Now find y:
y=16-5x=16—-53)=16—-15=1

Answer:x =3, y =1

Question 2
IP| = 10,]Q| = 15
e IPxQI=10x15=150
e |[OxP|l=15x10=150
e |[PxP|=10x10=100
e 10xQl=15x15=225

Answer:
PxQ: 150, QxP: 150, PxP: 100, QxQ: 225

Question 3
A=1{1,2}, B=1{2,3}, C=1{1,3,5}

(A xB

Pairs with first from A and second from B:

AxB=1{(1,2),(1,3),(2,2),(2,3)}

(i) BxC

BxC=1{(2,1),(2,3),(2,5),3,1),(3,3),(3,5)}

(ii A x(BUC)
First find B U C:

BUC=1{2,31U{1,3,5} = {1,2,3,5)



Now:

Ax(BUC)={1,1),(1,2),(1,3),(1,5),(2,1),(2,2),(2,3),(2,5)}

(iv) B % (A U C)
First:

AUC={1,2U{1,3,5 = {1,2,3,5}
Then:

Bx(4UC)=1(2,1),(2,2),(2,3),(2,5),3,1),(3,2),(3,3),3,5)}

W) (ANB)x (BN C)
ANB=1{1,2YN{2,3} ={2}
BNC=1{2,3'N{1,3,5 = {3}
So:

ANB)yxBNC)=1{(2,3)}

Question 4
A=1{56, B=1{1,2,3}

First:
AxB=1{(5,1),(5,2),(53),(6,1),(6,2),(6,3)}

(i) Three relations in A X B

A relation is any subset of A X B. Examples:

o R ={(5,1),(6,2)}

* Ry={(5,3)}

* R3=A4xB=1{(51),65,2),(5,3),(6,1),(6,2),(6,3)}

(ii) Four relations in B x A4

First;

BxA4=1{(1,5),(1,6),(2,5),(2,6),(3,5),(3,6)}



Examples of 4 relations (subsets):
o 5 ={(,5)}

e 5 =1{(25),3,6);

e §3=1{(1,6),(2,60);

e S4=B %A (all 6 pairs)

(iii) Five relations in B (on B)

Here “in B” means relations on B, i.e. subsets of B X B.

BxB={(1,1),(1,2),(1,3),(2,1),(2,2),(2,3),(3,1),(3,2),(3,3)}

Examples:
o T; =@ (empty relation)

o Th={(1,1)}

e 75=1{(1,2),(2,3)}

e Ty=1{(1,1),(2,2),(3,3)}
e T5=BXB

(iv) All relations in A (on A)
First:

AxA4=1(5,5),(5,6),(6,5),(6,6)}

All relations are all subsets of 4 X 4. There are 2* = 16 relations:
1.0

{(5,5)}

{(5,6)}

{(6,5)}

{(6,6)}

{(5,5),(5,0)}

{(5,5),(6,5)}

{(5,5),(6,6);

{(5,06),(6,5)}

{(5,6),(6,6);

. 1(6,5),(6,06)}

- 1(5,5),(5,6),(6,5)}

- 1(5,5),(5,6),(6,6)}

{(5,5),(6,5),(6,6);
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15. {(5,6),(6,5),(6,6)}
16. AxA=1{(5,5),(5,6),(6,5),(6,6)}

Question 5
O(A) = 3, O(B) = 4

|AxB|l=3x4=12

A binary relation is any subset of AxB, so
number of relations = 212 = 4096.

Answer: 4096 relations.

Question 6
A=1{0,1,2,3}, B=1{2,4,6,8}

We will first list the pairs, then explain table idea.

(i) Ry = {(a,b)|b < 5}

In B, numbers less than 5 are 2 and 4.

So for each a in A, we pair with 2 and 4:

Ry = 1(0,2),(0,4), (1,2),(1,4),(2,2),(2,4),3,2),(3,4);

Tabular idea: rows = A, columns = B, put a “v" where b is 2 or 4.

(i) Ry = {(a, b)la+b =9}
Check each a:

e a=0-b=9(notinB)

e a=1-b=8(nB) - (18)
e a=2-b=7(notinB)

e a=3-b=6(nB)—-(36)
So:

R2 = {(13 8)7 (35 6)}

(i) R3 = {(a, b)la—b =1}
Sob=a-1.



Check:

e a=0-b=-1(notinB)
e a=1-b=0(notinB)

e a=2-b=1(notinB)

e a=3-b=2(nB)—(32)
So:

R3 = {(3,2)}

(iv) R4 = {(a,b)lab = 6}

Check products:

e a=0-0xb=0(never6)

e a=1-1xb=6-Db=6(inB) - (1,6)
e a=2-2xb=6-Db=3(notinB)

e a=3-3xb=6-b=2(inB) - (3,2
So:

Ry =1{(1,6),(3,2)}

Question 7
R = {(x,y)ly = 2x + 5} in integers.

(i) Domain is {-2, -1, 0, 1, 2}. Find range.
Compute y:

e Xx=-2-y=2(-2)+5=-4+5=1

e x=-1-y=2(-1+5=-2+5=13

e x=0-y=0+5=5

e x=1-y=2+45=7

e x=2-y=4+5=9
Sorange ={1,3,5,7, 9}.

(i) Range is {11, 13, 15, 17}. Find domain.
We have:

5
y=2x+5=>x=T

For eachy:
o y=11-x=(11-5)/2=6/2=3



e y=13-x=(13-5)2=8/2=4
e y=15-x=(15-5)2=102=5
o y=17-x=(17-5)2=12/2=6
So domain = {3, 4, 5, 6}.

Question 8

X, y are elements of W (whole numbers: 0,1,2,...)

@ {C,)IBx+y =11}
Write y = 11 —3x and keep only y > 0.

e x=0-y=11(allowed)

e x=1-y= 28 (allowed)

e x=2-y=05 (allowed)

e x=3-y=2 (allowed)

e x=4-y=-1(notallowed, negative)
So pairs:

{0, 11),(1,8),(2,5),(3,2)}

Domain: {0, 1, 2, 3}
Range: {11, 8, 5, 2} (often written as {2, 5, 8, 11})

(i) 16, »)lx =y =65
x=y+6

y can be any whole number:

e y=0-x=6-(60)

e y=1-x=7-(71)

e y=2-x=8-(82)

e andsoon..

So:

e Domain: all whole numbers >6 - {6,7,8,9, ...}
e Range: all whole numbers = {0, 1, 2, 3, ...}

Question 9
f: A — B where

S=1(1,5),(2,6),(3,7),(4,8)},
A=11,2,3,4,B=N



e Domain: first components = {1, 2, 3, 4}
e Co-domain: B = N (set of natural numbers)
e Range: second components = {5, 6, 7, 8}

Values:
.« f2)=6
.« f4)=3

Question 10
A=1{0,1,2,3,4}, B={2,4,6,8,10}

A relation from A to B is a function if:

e Every element of A appears exactly once as first component.
Now check each.

() Ry = {(O: 2)9(1a4)9 (29 6)9 (398)}

Element 4 € A is missing (no pair starting with 4).
So R; does not give an image for 4.

R, is not a function from A to B.

(i) R2 = {(0,10),(1,8),(2,6),(2,4),(3,4), (4, 2)}
Here 2 has two images: 6 and 4.
This is not allowed in a function.

R, is not a function.

(iii) R3 = {(07 2)9 (19 4)9 (2> 6)5 (37 8)a (49 8)}
Every element of A = {0,1,2,3,4} appears exactly once.
So Rs is a function.
e 0-2 1-4,2-6,3-8 4-8
Two elements (3 and 4) have same image 8 — not one-one.
e Range = {2,4,6,8}, but B = {2,4,6,8,10}. 10 is not used — not onto.
So R;3 is a many-one into function.

(iv) Ry = {(Oa 2)5 (19 2)9 (29 2)’ (35 2)5 (43 2)}



All elements of A appear once — Ry is a function.
e Many elements map to 2 = not one-one (many-one).
e Range = {2} only, so not onto B.

So R4 is a many-one into function.

(V) Rs = {(Oa 2): (13 4)9 (29 6)9 (37 8)9 (49 10)}

Each element of A appears once — it is a function.
e Allimages are different — one-one.
e Range =1{2/4,6,8,10} = B — onto.
So Rs is a one-one correspondence (bijective function).

Question 11

Answer:

(i) one-one function

(i) one-one correspondence

(iii) neither one-one nor one-one correspondence

Question 12
P = {a,b,C}, Q= {X,y,Z}, R= {p,q,l",S}

We just need to give examples that satisfy the conditions.

(i) A function f from P into Q

“Into” means: function from P to Q, but not onto (at least one element of Q is not used).
Example:

J=1(a,%),(b,y), (¢, y);

e Domain P: a,b,c each appears once.
e zin Q has no preimage — f is into, not onto.

(ii) A function g from R onto P

Onto means: every element of P appears as an image.



Example:

g =P, a),(q,b),(r,c),(s,a);

e Domain R: p,q,r,s each used once.
e Images: {a,b,c} = P — onto. (a appears twice, that's okay.)

(iii) A function /4 from P to R which is injective (one-one)

Injective means: different elements of P have different images.
Example:

h={(a,p),(b,q),(c, 1)}

e Each element of P has a different image in R — one-one.
e sinRis not used, but that is allowed.

(iv) A function k£ from Q to P which is bijective

Bijective = one-one correspondence (one-one and onto).
Example:
k={(x,a),(»,b),(z,¢)}

e X, y, zall used once (function).
e Images: {a, b, ¢} = P and all are different — one-one and onto.
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