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RELATION y = 3x — EXERCISE 1.1 Q1(i)

Q. In A={1,2,3,..,14}, R={(x,y) : 3x - y = 0}. Determine whether R is reflexive,
symmetric and transitive.

Answer: Since 3x -y =0, we have y = 3x. Both x and y must belong to A =1{1,2,3,..,14}.
For x € A, the value 3x isin A only for x =1, 2, 3, 4 (since 3x5=15 > 14),
Hence R ={(1, 3), (2,6), (3,9), (4,12)}.

Reflexive: A relation R on A is reflexive if (x, x) € R for every x € A.
For x =1, (1, 1) would be in R, but 3(1)-1=2#0. So (1,1) ¢ R.
Hence R is not reflexive.
Symmetric: A relation R is symmetric if (x, y) € R implies (y, x) € R.
We have (1,3) €R, but (3,1) ¢ R since 3(3)-1=8 # 0. Hence R is not symmetric.
Transitive: A relation R is transitive if (x, y) €R and (y, z) €R imply (x,z) ER.
We have (1,3) € R and (3,9) €R, but (1,9) ¢ R since 3(1)-9=-6#0.

Hence R is not transitive.

Therefore, R is neither reflexive nor symmetric nor transitive.



NATURAL-NUMBER RELATION — EXERCISE 1.1 Q1(ii)

Q. In N, R={(x,4): y =x+5 and x < 4}. Determine whether R is reflexive, symmetric
and transitive.

Answer: Since x<4 and xe N={1,2,3,...}, we have x=1,2,3.
Then y = x+5 gives the ordered pairs

R =416}, (2,7, (3,8)}.
Reflexive: A relation R on N is reflexive if (x, x) €R for every x € N.
Here (1,1) ¢ R (since R = {(1,6), (2,7), (3,8)}).
Hence R is not reflexive.
Symmetric: A relation R on N is symmetric if (x,y) € R implies (y, x) € R.
We have (1,6) €R, but (6,1) ¢ R (no ordered pair in R has first component 6).
Hence R is not symmetric.
Transitive: A relation R on N is transitive if (x,y) €R and (y,z) €R imply (x,z) €R.
In R, the first components are 1,2 and 3, while the second components are 6,7 and 8.

A pair (y,z) with y = 6,7 or 8 cannot occur in R because every first component must be
less than 4. Hence no two pairs (x,y), (y,z) in R can form a chain.

Therefore, the implication for transitivity is true (vacuously), and R is transitive.

Thus, R is transitive, but neither reflexive nor symmetric. |



DIVISIBILITY RELATION — EXERCISE 1.1 Q1(iii)

Q. In A=1{1,2,3,4,56}, R={(x,y) : y is divisible by x}. Determine whether R is
reflexive, symmetric and transitive.
Answer:

Reflexive: A relation R on A is reflexive if (x, x) € R for every x € A.
For any x € A, we have x = x-1. Hence x divides x, so (x, x) € R.

Therefore, R is reflexive.
Symmetric: A relation R on A is symmetric if (x,y) € R implies (y, x) € R.
Now 1 divides 2, so (1,2) € R. But 2 does not divide 1, so (2,1) ¢ R.
Hence, there exists (1,2) € R such that (2,1) ¢ R.
Therefore, R is not symmetric.
Transitive: A relation R on A is transitive if (x,y) € R and (y,z) € R imply (x,z) €R.
Let (x,y) € R and (y, z) € R. Then y is divisible by x and z is divisible by y.
So, there exist m,n € N such that y = xm and z = yn.
Substituting, we get z = yn = (xm)n = x(mn). Hence z is divisible by x, i.e. (x,z)€R.
Therefore, R is transitive.
K Thus, R is reflexive and transitive, but not symmetric.




INTEGER-DIFFERENCE RELATION — EXERCISE 1.1 Q1 (iv)

Q. InZ, R={(x,y) : x -y is an integer}. Determine whether R is reflexive, symmetric
and transitive.

Answer: For any integers x and y, x -y is automatically an integer.
Hence every ordered pair (x,y) € Z x Z satisfies x -y € Z.
Therefore, R = {(x, y) : x -y is an integer} = Zx Z, the universal relation on Z.
Reflexive: A relation R on Z is reflexive if (x, x) € R for every x € Z.
For any integer x, x - x =0, and 0 € Z.
Hence (x, x) € R for every x € Z. Therefore, R is reflexive.
Symmetric: A relation R on Z is symmetric if (x,y) € R implies (y, x) € R.
Let (x,y) €R. Then x -y eZ. Now y - x = —(x - y).
Since x-ye€Z = -(x-y)eZ, we have y - x€ Z, i.e. (y, x) €R.
Hence, R is symmetric.
Transitive: A relation R on Z is transitive if (x,y) € R and (y,z) € R imply (x, z) € R.
Let (x,y) €R and (y,z)€R. Then x -yeZ and y-ze€Z.

Now x =z = (x-y)+ (y-2z). Since the sum of two integers is an integer, x -z € Z.
Hence (x,z) € R. Therefore, R is transitive.

R is reFlexnve sgmmetruc amd transutuve hence it is an equivalence relatuon
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