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Choose the correct answer from the following statements:
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v e

3.
Ch

S W e

4,

amples

Restricted Quantifiers

Vx > 0 (x* > 0)over R- True
Vx < 0(x* > 0)over R- True
3x > 0(x* = 4)- True

Vx # 0(1/x # 0)- True

dx < 0(x* > 0)- False

Nested Quantifiers

VxVy(x +y =y + x)- True
Vx3y (x + y = 0)- True
IxVy (x + y = 0) - False

Ix 3y (x* + y* = 1) - True
x3qy (x < y) - True

Functions

oose the correct answer from the following statements:

. f(x) =x+1fromRto R_True
f(x) = x* from R to R_True
f(x) = 2x + 3 from Z to Z_True
A =1{1,2,3},B ={10,20,30,40}

f(1) = 10,f(2) = 20 _false

One-to-One (Injective)

When we have the function from R to R

f(x) = 2x _True

f(x) = x+ 5_True

f(x) = x*_True

f(x) = —x_True

f(x) = 3x — 1_True

f(x) = x?

Domain: R (all real numbers)
Codomain: R
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Reason: If we take x1 = 2 and x2 = —2, then
f(2) =4,f(-2)=4
Here f(x1) = f(x2) but x1 # x2. Therefore, f(x) = x2 is not injective on R.

7. f(x) =lx|

Domain: R (all real numbers)

Codomain: [0, 00)

Reason: If we take x1 = 3 and x2 = —3, then

f(3) =3,f(-3) =3

Again, f(x1) = f(x2) but x1 # x2. Therefore, f(x) =| x | is not injective on R.

5. Onto (Surjective)

1. f(x) = 2xfrom Z to the even integers

Domain: integers ({ —3,—2,—-1,0,1,2,3 })

Codomain: even integers ({ —6,—4,—2,0,2,4,6 })

Example: (f(2) = 4).Every even integer appears in the codomain.
2. (f(x) = |x|)fromRto R*

Domain: real numbers ({ —3,—2,—-1,0,1,2,3 })

Codomain: non — negative real numbers { 0,1, 2,3 }
Example: (f(—2) = 2).Every non — negative number appears in the codomain.

3. f(x) = |x]fromRtoZ
Domain: real numbers ({ —2.7,—1.3,0.5,1.9,2.1})
Codomain: integers ({ —3,—1,0,1,2 })

Example: (f(1.9) = 1).Every integer appears in the codomain.

4, fx)=x—5fromZtoZ
Domain: integers Z
Codomain: integers Z

Example: (f(5) = 0).Every integer in the codomain has a preimage.

5. f(x) =x?fromRtoR
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Domain: all real numbers ({ —2,—1,0,1,2 })

Codomain: all real numbers ({ —2,—-1,0,1,2,3,...})

Problem: Negative numbers like (—1) or (—5) never appear in the codomain.
Therefore, this function is not onto.

6. f(x) =sinxfromRtoR
Domain: real numbers {0, /2, m, 31/2}
Codomain: all real numbers {-2,—-1,0,1,2,3,...}

Example: f(0) = 0, f(n/2) =1

Problem: Values outside the interval ([—1,1]), like (2) or (—3), never appear.
Therefore, this function is not onto.

6. bijection.

1. (f(x) = x+ 1) fromZtoZ

e Injective (one — to — one): Yes,because if (x1 + 1 = x2 + 1),then (x1 = x2).
e Surjective (onto): Yes, for any integer (y), we can take (x = y — 1)so that (f(x) =y).
This is a bijection.

2.(f(x) = 2x) from (R) to (R)

e Injective: Yes,if (2x; = 2x,),then (x1 = x2).
e Surjective: Yes, for any real number (y), we can take (x
This is a bijection.

y/2).

3.(f(x) = X3 from (R) to (R)

e Injective: Yes, because (x3 is strictly monotonic on (R).
e Surjective: Yes, for any real number (y),we can take (x = i/;).
This is a bijection.

4.(f(x) = x) from (A) to (A)

e Thisis the identity function.
e Always injective and surjective.
This is a bijection.
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5.(f(x) = x—=3) from (Z) to (Z)

o Injective:Yes,if (x1 —3 = x, —3),then(x —1 = x —2).
e Surjective: Yes, for any integer (y),we can take (x = y + 3).
This is a bijection.



